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Aus der Khinisch physiologischen Abtedung des Rarohnska Sjukhuset,
Stockholm  Schweden

Der Exnfluss chromscher Hypoxie
entsprechend 1,000 8,000 m Hoke auf cre
Erythropoiese der Ratte
on
Berwnarn TrBurarr
Eongrgangen am 26 ‘ag 1967

N

Abstract

Trmvearr B Der £ fluss hr ms her Fnpoxie nisp chend I 600~
8000 mH heauf d Ersthopo £ Ratt Acta phys ol scand 1963
57 125 —~ A devc 1 desenbed fo  the maumenance of 2
constant fow a ¢ p essure Ratswer h Id under hypox aequ alentw
10008000 = alitude fo several month  Towal hemoglabin v as
det rmmed accord ng to a mod fed ahveolar CO method Total
hewogiotee at 322 1 vel was abour 875 AN g body weght, m
eveased s gnificantdy at } 000 m and to 1 1 g at 4 000 m. A maximum
of 2% g was at 6 000 m The him t of sury al was cached 2¢ 8000 m
“Sew levels of totat h moglebn was  a hed afier 70 and 40 davs at
5000 respecanely 6000 m An add tonal supply of on had no
T et Tiemogicbin per Y0k Yiood 2 13 YSanddfgat caiened
4000 ep o1t cly 6000 m Hematocrse as 45 atsealevel 60
and 83 at 1002 m and 6000 m respe taely Hemoglobn con
¢ ntraton pa allels h matoente values du sng hypowa Blood volume
wer aved by 050 21 6200 m buk plasma v Jurme deereased by
1020 Hemaglob n per umt body 3 ¢ ght decreased wath
cre  ng body weght 1 anunaly adapred o SO and 6000 m
abo th blood solum 21 6000 m The da Iv preduction of hemoglo-
b wa calculated f om the tatal hemoglobn and the asumed bfe
span of 60 daysfo  nih ocytes It increased 10 45 umes the noemat
dunng th frst o days yega dless of degree of hypoc a, but was
ther aft 2 functon of the degre of hvpowa

1633035 4 taphy 1 aand § 157



2 DBERNHARD TRIBURAIT

O Mangel wird als emer der fundamentalen Reize der Lrythropoiese
angesehen Das Schnfttum der £ 1 U h zu dicser
Frage die bis auf die Paur Berts (1878) zuruckgehen st u a von GRanT
und Roor (1952) Himsjarva (1953) Norostrow (1957) und Morrer (1960)
zusammengestellt worden

Die zahlreichen Versuche naheren Aufschluss uber Art und Wese des
Zusammenhangs zwischen O, Mangel und Erythropotese zu gewinnen sind
bislang nicht erfolgreich gewesen Die theoretische Serte dieser Fragestellung
ergibt sich aus dem dentlich kompl Geschehen wie es die Dynamik
von Blutbildung und Blutabbau zusammen mit dem O, Bedarf und der O,
Versorgung des Gewebes darstellt Daber sind die verschiedensten Funktionen
und Systeme des O beteiigt £ ber der Zelltellung und
der Hamoglobinsynthese is zur Regulation der Durchblutung der Gewebe

Rein praktisch st es notwendig Grossen zu messen durch deren Hilfe mit
Sicherheit emn spezifischer Fffekt auf die Blutbildung erkannt werden kann
Relative Blutwerte wie die Erythrozy hl der H kot oder die Hb
konzentration emer Blutprobe sind weeen der haufig it Hypoxie verbundenen
Flussigkeitsverschiebung vom und zum Blut oft nur von beschranktem Wert
und lassen zudem micht Veranderungen der Absolutgrossen erkennen hennt
misse der gesamten Erythrozyten oder Hb menge erscheinen deshalb auf
schlussreicher lLiewen jedoch nur m beschranktem Umfang vor Den Unter
suchungen von HurTapo MERNO und DeLcano (1945) sowie Mermvo (1950)
an Hohenbewohnern stehen Studien am Hund von Remsvany (1901) und an
der Ratte von FrRYERs (1952) zur Seite Der fur das Verstandms der Regulation
der Erythropotese interessante Zusammenhang zwischen verschiedenen O,
Drucken der Ematmungsluft und der Cesamt Hb oder Erythrozytenmenge
scheint jedoch micht 1m Einzelnen untersucht worden zu semn

In der vorhegenden Arbet soll die Wirkung von Hypowe entsprechend
1000—8 000 m Hohe auf die Erythropoiese der Ratte behandelt werden
Zunachst wird em sich selbst regul 4 faches Unterdruchsystem be
schrieben Weiter wird die Anwendbarkeit emer Modifik der sog
alveolaren CO Methode bexm hohenadaptierten Tier mt der belichig oft die
Cesamthamoglobinmenge bestimmt werden kann uberpruft Damit wird
micht nur die Gesamtmenge Hb nach vollzogener Hohenadaptation geme sen
sondern auch hend deren Bildungsverlauf ht In ener Versuchs
senie wird festgestellt ob die normale Fe Zufuhr der erhohten Hb bildung
genugt — eme mcht unwichtige Frage wenn man die Wirhung verschiedener
Hypoxegrad der vergleich will Neben diesem moglhchen exo
genen Faktor spelt wie sich gezeigt hat e endogener — Alter bzw  Ther
grosse — eme gewisse Ralle worauf glexchfalls emgegangen wird Relatne
Blutwerte sind Iner nur so weit untersucht worden als es notwendig erschien
die prnzipselien Verhal jarzul Ausfurlichere Daten uber t(i!lc
relatven Blutwerte finden sich # @ ber SuxpsTroEy und Micuaees (1942)
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o

Abb 1 Halbschematsche
Abb fdung des Ume druck
e %esd’tr tbung
Text

Methodik und Matersal

v Usterdrucksy tem

Es erschien am i ber den Tangd; den Versuchen mm cersch edenen
Graden vor Sauerstaffmanget Hypoue durch Untevdruck bervarzurufen 74 dem
Zweck wurden herne von Autoklnen mut einems Raurmnhalt vom etwa 50 1 eut Be
leuchtung und emem Fenster versehess Die hammern wurden duzch elektrasch betne
bene Pumpen betufiex deren Lestung be O men 2 7 Ym o usd emem Unterdruck
entsprechend 8000 m Hoh etz 40 Ymn betrug Unter kener Versechsbediagung
eicherte sch CO oder Feuchugkeis 1n d n Kammern an De Temperatur betrug
1822

Ewm von Sch der P ) und des ausseren Barometerdeucks

+ 3 U,

wnd leeht 1 m der hammer
wurde durch em s lbscregube endes System errer bt wie es Abb 1 halbschematisch

wcdergtbt D e hammer (8) steht mut emnem absolutmess nden Quecks fbermano-
meter (B} 18 Verbindung in dessen mut dem U nterdruck verbundener Schenke! durch
an  Tefondichtung e vers hebbarer spuzer Esenstab emgefubet st Stegt der
Unterdruck und damst such das Queckslber i d esern Scheakel, und be theen s ch
Qu cks ther und Essensp tze + ird uber ean Relfa s {C) en elekt ornaguetisches Venul
{D} das der hammer sorgeschaltet 1t g offn ¢ wnd der Unterdruck sinkt Be der
<lats bohen Pump nlestung  ar &5 2 echmass ¢ susserderm kovtanu erfich Luft ob ¢
en tand g gedfinetes ersteliba ex Vent! emzulasen De hammerdruck sar ert
n htmeheals & 2 mm Hg

Bszu 10 Mene e T cre finden w ¢ aer hammer Platz E ne Schieuxs 15t 5 cht sor

banden 4 & alle Handhabung o art den Treren und 1n dex hammer mussen m “Meeres
hoh torgenommen werden

2 B 1mmung ton G mthamog! b n tmd Bhural eun

In  ner vorangegangenen X bewt wt  ne \Methode beschneben s orden mt der
untee Anw ndung von CO und ewmem geschlossenen Mtemsyst m wuederhalt vom
selben T er d ¢ Gesamthamoglob nmenge bestmmt werden kann (Trevaarr 1860 2)
Das G} ichyews bt zwischen der Gasphase yon © und GO einerse tx und der Sattigung
von Ho mt O und CO and erse 8 wird 1 soem solchen Systemn von den Partial
drucken QO und O sowie ¢ ner Glachgewichtskonstanten Ry besummt D ese von
Haldane fur e ntv ines Hb-Gassystem mst M beze chn te honstante 15t nv1 o emp nsch
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Tab I G fundene Gleschgearchtshonstanten Fag von Ratten anter terschiedenen
Hypoxebedingungen

1 = Anzahl der Verwuch.,

Unterdruck, m n hyx Tage 1a Unterdruck

[ 24 2208 £ 39 -
2000 9 2077451 34
é 207224 il
4000 k] 2010425 1t
500 8 1782 2 54 3
£000 3 1765 4¢3 2
El 1720£25 3
5 1767 & 85 4

28 1135425 33--100
7100 10 1692567 4
8000 2 181.8 2

1671

unter der Annahme emes abeolaren CO#Drucks von 40 mm Hg ber Normalueren
brsummt worden Hic hat einen Nennwent von 221

Da 11 Hypoxie durch Hyperventilation der alveolare CO,Pruck abrnkt und damst
der aheolare OpDruck entsprechrnd ansteigt 1t esne schanbare Anderun dirs
A crtes zu erwarten, wenn man weterh 1n mit esnem als eolaren CO,-Druck von 40 mm
Hg rechnet. Die Bedeutung emer Anderung des ¥y Werntes fur d; Leatimmung, det
Ger.mtharm gl binmen~e g ht aus der fulgendmn Berechnung brivor it kt Fy von
221 auf200 bzw 172 und 190 steizt bes enen hypoxs.chen Trer mit etwa 4 g Cesamt Hi
dieses 2uf etwa 34 bzw 20 und 26 g

Da ket 1 ucheren Angaben uber den als eolaren COpDru k der Ratte unter Hypoxs
sorhrgen und da weerlun durch eventuell  Anlerunven des Hb unter Hypox
{fotals HY ), en veranderes Lindunssierhalten fur OO e bt ohe wat ey aus
zusct hexsen 18t wurden Ry Fakioren unter sersch edenen Hyproniebed nrunpen
bestimms (Fus method lonsct  Finz lreiten s Frarvxarr 1060a) All Werte wurden
unter der Annalm  enes umser nderten alveolaren COpDrucks von 40 mm Hy
berechnet,

Bet den sewendeten Tieren hand It es sich um manrhict 103 O g sdwer
Wistar Ratten. D s zu emem Lntrrdru k enuprect end € 000 m Het wurd n &
Tiere d 1 kt auf dir gewtinschy Hobrnstuf g brarkt Da Ratten d von Aol !
dir k1 7000 m Hot  ausemerzs wurden n by tbel bten befander wd & Iir
iy Grupspe zunachst fur 16 Taze €C00mHE g00mH ! uberd ben pur
2 Tiere von 9 trotz mehrwichentlict /v Adaptauon an 2000 4000 und £ 00 m

In Teb T snd die Lrz bnuse zwammengfost Flar Verandrruns 8 o Fu

1od unter JJirn Ledingunzen festzust llen Zwischen 0—4 00 m Hed (PO, 19—
67 i He) § 11t hu I pear ab Durch Intrypelation erhalt man fnchtd  Fu Werr
Far1OMusd 3000 m 21 brw 70 Bam Lbrgangson $ 00 auf 2 000 o (9O, ST~
0 1om Hz) 2 111 } s sprun-haft und anderts of zwischen 5 000 ut 1L 90 m 14 8-
) nux nct unbrdrutend Di ko Wert s nd von der Daurr ds Unt rdratk prak
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psch unabhangg In 7 000 m bestebt knn Usntersclued zwrehen 34 und 28 Tagen
und m 6000 1 swischen 2 und 100 Tagen. D ¢ Werte von dra verxhiedenen Y er
sucksreihen in G000 m nchen 39 und 100 Tag smd deshalb zusammengefast
worden D¢ gute Reproduzerbarken trotz der ganz venchiedenen Zetpunkie der
und des fich gewahlien d den Gewschis und Aliers der
Ticre bedevtet weter das wdnaduells Vanauonen der Tere ohne nachwessbare
Bedeutung sind
Die beschritbenen \eranderungen der by Wente snd fuer ledigheh aws prak
tisch methodologischen Grunden vof Interesse. Dabet st es bedeutuneslos, ob diese
Alrseschung vor Ryt aur € ne schetabere infolge anes aiedneeren COpDrucke 5t
oder auch aul emer veranderten CO-Affmeat unter Hypowe reugebddeten Hb
beruht D ese Frage st Jedoch 1 anderem Zsammeshang wathug woraul m aaner
spateren Arbait eragegragen wird [TRIBrRAT 1962 d)

s 1t weiler notwendig che Bed son \yog uwd 1 Geuche facrien
¥ib fur die ver endete CO \Methode abzuschatzen s den Datenvoz M oglobin
menge, Towlknoch ¥, Huk da K ks sow3  auws den

CO—OpDruch erhajtneses sm Gew be uod Roochenmark st fur das nosmale Ter
der dadacch bediage CO-Vetlust auf etwa 3 der gramten aufzenommenen CO-
\lenge berechnet worden {FTmsvxarr 1960a) Himachibch des Myoglob oy weache
das Tiex vom fen kaum ab Drapezs {1937 1938 sowte As
tiovy Ackeruan vnd StrotuEr {[1959) finden prakusch unieranderte Totahwerte
wodass entsprechend fruberen Berechamgen mcht mehr aly 17 dey geamien auf
grnommen CO-Menge an M\ oglobn gebunden worden durite
Fu wchtzrkut crendes Hb begen die \ etk ben Hi Lorpl:
Wahrend der mamsmaien Hb-svnthese unter Hyvpowe kagn die \euinlduog den \ormal.
wert us day $—3-fache ubenschroten Esne deraruge Meh lestung kann entweder
dadur h ustande kommen Qass die Zelib Iduags- und Tedungsprozesse beschloumigt
ablaufen — diesbezugl ch  Lntersuchungen haben buher ncht m allen Punktene o
ewdeutts  Antwort geg ben machen fedach eme gewise Beschlom gung wahr
whem! b (Aceen uad Craware 13392, b Matees 1960) Oder aber dadurch dass
e M ong des zelibnidenden Mutntergewebes  nwmzt Nach den L aternuchungen von
Hupson 1923 1860 am hohenadaptierten \leerschwemchen st d ¢ absofar Anochen
markmenge up erandert, dor Anterd on Ferrz fen un aktn en hnockenmark zu-unsten
ervihmon thacer Zellelement  emngeschraake, das distale  howchenmarkletsgew be
sedoch un crandert Entsprechend stegt ouch d - Hb-hoochenmarskomzentration der
hvpouschen Ratte etwas
Das ergibr ek aus folgenden reveren Lotersuchungen Racten die 4 Wochen lang
D00 m Hoh ausgeserze worden waren, wurden zunachst Cr* -gezerchnete Ervihiro
vten wyzvert Nach W0 —~  ne Zest i aly genugend angeschen wurde tme
gl hoaws ge Vene Yong der Crtl-gezawhneren Ervihrorvien zu erracher  wwrden
4 2 kous erten T ere mue O -gesattigrer kovperwarmer MaCl Losung b's 2w Herz
thstand { 030 Mt dur Fgespule. Das Hb wom hoochenmark des Femur wurde
D OF  iger NaCO Losung rurabecrt wnd alk Pondin Hamoch omogen spek
¢ aphatometrich quansttat best mot (Paty, Trzoxrid und Axemon 1923, Aus der
3pez fischen ARt 2 d eses Exirakies (= n kulerendes Hamoglab ni und der g
messenen Quantitat Hb et b die 1o hoochenmark fixert Hboneny 0019 g &
0000 g Hb g hnochenma & M ut hnerte on 8T eren) Dreser Werss wichis zu fixant
on dem gefundenen \ormal et 0015 g Hb g hnochenma kab {p = 807008 2
Tatecua 19603 Dhe gesamte Horsenge des hnoch Ss enes O g sk
Tierea stegt jedoch daber nur von ewa D08 g auf 01 g oder vom rund § aufs
der gmamien Hb-meng
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Hier muss auf einen weuteren fruher nicht b achteten Punkt hingewsesen werden.
Im hnochenmark hegen unter Normalbedingungen eine grassere Menge mucht streng
foaierter Retilaulozyten — nach Saatrorr {1950 a) und Freen {1959 hann mut cinem
Knochenmark Blutverhaltnes von 1 1 gerechnet werden oder 2--3 < der zirkulieren
den Hb-meng hend der Blutretkulozytenk Dicse Retikulo-
zytenmenge die zunuadest wahrend der ersten Zett von Hypovie auf etwa das 3 fache
ateigt (Saatniorr 1950 2) duirfie i die it CO b G h Job
mut eingehen gehort aber streng genommen nicht mut zum zickulierenden Hb Anderer
seits 15t anzunchmen dass diese Zellen besm Durchspulen der Tiere mut zum grossen
Ted aus dem Koochenmark entlernt und somtt nrcht met unter wa kaochenmark
fixiertem Hb* erfasst werden

Schhesshich sst noch 1 diesem Zusammenhang die Bedeutung der Milz als blut
bildenes Organ unter Hypoxie zu beachten Saatsorr (1950 a) fand mit hustologischer
Terhmk eme kraftige Enthropotese in der Milz des hypouschen Meerschwainchens
B d tussreich sind U hungen der DNVA Synthese von Ra macn
Coorer und \rT (1954} ber der Ratte Wahrend das Anockenmark dre Zelineubildung
ctwa verdoppelt errescht die Milz eine etwa 10-fache Neubtldung

Das Blutvolumen wurde aus dem Gesamt Hb und der Hb-konzentration des Schwanz
blutes X 075 berech 075 sst ein U ktor fur den Rérperd k
m den auch die Differenz von Hb honzentration und Hamatoknt zwischen Schwanz
blut und zentralem artericllen bzw venosen Blut eingeht Diese betrug fur den H imato-
knt von 23 Treren 136 4+ 12 Es besteht keme statstisch zu sihernde Differenz
zwischen dicsen Werten und denen von Normal Die Hb und der
Hamatoknt wurden n der fruher angegebenen Wesse bestimmt (Trisuxarr 1960 a)

Dhas Play 4 und das Erythrozy t cegeben wch aus dern Gesamt
Hb der Hb i und dem H. krit entsprechend
Tot Hb x 100 100~ Hct

Tot Fl Vol = T X T
und
Tot Hb £ 3100 $ct
Tot Ery Vol = T xm
3 T3 ! atl Y ersuachsh
Alte U h wurden an Ratten eines St {Wastar; auy

gefubst Die Grosse der Trere varuerte zwisch 1 250 und 450 g innerhalb ciner Ver
suchsgruppe jedoch 1m allgemeinen wesentlich weniger als 4 30 g vom Mattelgewscht
Derartige gro se Gewichtsunterschiede zwischen den ¢ nzetnen Gruppen v aren bes der
tetlwerse meh Dauer der jeweiligen \ersuche mut oft erhebl cher Ean
wirkung auf den Zuws achs der Ticre und emner gesamten Versuchszeit yon mehr als
3 Jahren mcht zu cermaden  Unabbangig davon kaonn gedoch die Homogenitat des
Tiermatenals soweit sic aus dem hamatofogischen Verbalten novmaler Ratex 2w
¢rkenn n st als relatiy zuly llend hen + crden Abweic} ungen
von den fur diesers Tt rstamm beschrebenen Normalwerten (TRIBURAIT 1960 b) finden
sich nicht

Ine Tiere erhielten em speziclies R ( s TriBLRAIT
1960 b) sowse Hafer Mohrruben und Yasser ad P bstum Zum ¥ ttteren und R mg n
des hamm m s urden die Tiere in ? tag gen \bstanden fur ctv a 5 mmn auf Me res-
hohe gebracht Verschied ne Untersuchungen an den Tierén bcrsct ntien mctt

unden

! rs':u- die Hohen Druck wurde d¢ h
DIN 5450 scrwendet

entspr chend
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Abb_ Gew cht und Gesamth mogl bm 1 ™ rmahteren { # nc Symbol) und T e
Jmut Ess nrasat (geschlosen Symbol ) be gost gerser Erythropocse At bnert v n g
7T

ercn mut Standardatwe ch og Blutentuahm  m Tag 0 Begmn der Hypos ¢ entsprechend
6000 m Hohe m T g I8

Ergebsse
1 Der Eenfluss erhohter Fe Zufukr bes gester erter Hamo, lobinbildun,,
Naturliche Vi emer len Erythrozy und Hb-bildung,

15t die adaquate Zufuhr der zu den Syntheseprozessen notwendigen Grund
substanzen AscimEsasy (1949) hat diese 1n emner ausfuhrhichen Arbeit zusam
mengestellt (v eitere Lateratur s Divvrve 1962)
Essen das in relativ grossen Q vom O
sprele mn diesem 2 h, eme mcht unbed

wird
de Rolle vor allem ber
gesteigerter Erythropoiese Entsprechend tritt emn relativer Eisenmangel unter
Hypoue schr deutlich zutage (Criscroro Crarx und Merrerp 1955 —
Versuche an Ratten) Auch fur den \Menschen 1t ber Hoh d

an
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Tab 77 Der Linfluss erhbhier F¢ Zufukr auf dve Biutuerte ton Ratten ber gestesgerter Enpthropoucse

a = Normaltiere b = Fe Tiere I o vor Blut nuuhme I o nach Regeneration (8 Tage
M ttelwerte von je 7 Tieren.

Gewicht g Tot. Hb g Hb honz g*

a b a b a &

I {26533 (205431 19020078 ] 1870008 { $253 L0114 | 12305 028
I p280 254|285 351 2064009 ) 197£ 0074} 1273..0 28] 130! L 0280
TH 28287 {26750 483L 0274 | 534 L6373 { 2440 £ 0337 | 24 310709

beschieumgender Finfluss auf die Hb-bildung durch zusitzliche Fuen
medikation beschrieben worden (WintrrssaLTer 1960)

Es 15t vollstandig ausgeschlossen 1m Rahmen der vorhegenden Arbert auch
nur annaherungsweise uberprifen zu wollen ob im emnzelnen die verfutterte
Tiernabrung allen drsbezughchen henntnssen volt entspricht Man muss
sich her mut der rein krischen Fe 1 begni dass das Futeer

am allg Gesundhy 4 und Zuwachs der Tiere emer
ffenbar hend optimalen Z § zu prechen schent
Ledighch em emfacher Versuch in dieser Richtung wurde unternommen
bes stark erhohter Hamatoporese wurde gepruft ob emn besonderer Fisenzusatz
emnen Effckt auf die Gesamthamoglobimmente hat ader miche

Ber 2 Gruppen von je 7 Ticren gleichen Alters und Gewichts wurde anc
westargerte Erythropotese hersorgerufen zunachst durch emnc akute Bluung
{Abnahme von ctwa 1,3 des Blunolumens durch Punktion der ¥ cava wf)
nach erfolgter Regeneratton durch Hypovie entsprechend 6 000 m Hohe etwa
6 VWochen lang Eine Gruppe erheelt im Trinkwasser zusatziich Fisen (100 mg
Fe,S04{500 m} H,O ~ 200 mg Znronensaure/500 ml H,0 um emen Ausfall
von Essen zu sermerden) e andere Gruppe nur mir Zttronensaure vercleies
Wasser

Abb 2 zent das Verhalien von Gewicht und Cesarm Hb der beden
Gruppen Man erkennt feicht dass eme erhohte Eisenzufuhr weder v ahrend
Anamye noch Hypouc die Hb tnldung besonders beemnflusst Statmusch zu
schernde Unterseinede mnd meht nachwessbar In Cher mit
grosseren Versuchserien FERIBLAAIT 1960 ¢ 151 der Regeneranionsprozess der
dem Blurverlust am Tag 0 folgt nach en 2 18 Fagen ahgeschimsen Der am
18 Fag ansetzende O Mangel hat eme schr krafuge Hb-neubiddune zur
Folre dic ctwa 2 Wochen lang, zsemlich unserdndert anhilt und schliesshch
nach eiwa 4 Wochen zu cmer 2—3-fachen Gesamtham sglobinmenge Tuhrt
Es erschemt bemerkenswert dass die tighche Hb Inldung unter Hypouce
Klar dic unter Aname uberschresiet

L4
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yach €n ¢ Blutentnahme 13 = nach 42 Tagen Mypone entprechend 6000 m Hohe.

Blanol mi Her, Hbg x 100
Ht

3 b

a b a b

1852031 | 1891067 | 396£ 06 4011080 | 316050 | 308036
716081 202 %041 40641060 | 42602112 H4 %027 310016
WHEAI109 | 2664073 My L1544 783 %141 32 =04 316 - 061

TR TR TR
oy 0
£ E-apenpee NN

s ::/,ﬂmr;:_ .

R P

“ s o ean .
E% S S -

¥R R e & E TR T

Abb 3 Gewicht und Gesamthar, fhobe, aBa s o Hrgon (Ut ! zom——swu
m Hobh  A(Wt et n) 87 Teren. Symbol m ¢ Verss b

0071k o300 m 19 7115y oo aato o (1959 121 o-—owwm\gsmm
Brrcad0 m (1997 o) @--@ 00 in (1938 16) A—a T m (157 V) B o
Fa eathese angey Benen Versu h nummern entsprechen den Be chnungen m fab LT
Folgend Verwt b gruppen befanden » b zuvor anf eioes medr serer Unterdscksmt 197Th
247T3g 100078 10 716551 ge n D08 o 18 81168 Tage ta 4 000 m.
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Tab II Multelwerte von Gesamthamoglobin Korpergewicht Gesamthamoglobin] 100 2 K3 per
hemter den Zuffern eimiger Fersucksgruppen kenn.eschnen glesche cerschie denen Hokenstufen aus
Standardatmosphare DIN 5450

n = Anzahl der Tiere

Versuch Nr | n Hohe m Barom. Druck,} Tage in Gewicht g
mm Hg Hypoue —
Vor Hypoue
1957 Ta 7 1000 674 74 3871198
197 1b 7 2000 596 55 380+ 709
1960 T 9 7000 596 14 "84 75
1960 I 9 2000 596 28 4784 75
1957 Ha 5 3000 576 60 3981164
1957 Tc 6 4000 462 75 1044 82
1957 Ma 5 4000 167 40 3744100
1958 Ta [ 4000 162 68 7931 196
198 Ib 6 5000 405 63 320+ 198
1957 IV 5 5000 405 55 451.£ 238
197 b 5 6000 35¢ 30 430 169
1958 11 6 6000 35¢ 40 2934 43
1958 111 8 6000 354 40 287 4 44
1958 TV 6 6000 3ot 73 300 4+ 125
199 1 7 6000 354 100 3532 61
1959 11 8 6000 35+ 10 408 3= 144
1959 T11 7 6000 354 48 35 + 89
1958 Va 7 7000 308 20 285+ 118
198 Vb 4 7000 308 90 307+ 86
198 Ve 3 8000 267 17 P2+ 96

Das horpergewicht unter Hypowe zeigt ein Bild wie es 1n 6 000 m Hohe
haufig zu beobachten 15t ein umtialer Abfall um etwa 15 9, der erst nach
emner Rethe von Wochen wenn uberhaupt ausgeglichen wird Man hat den
Eindruck dass die Tiere ohne Eisenzusatz ein etwas hoheres Gewicht halten
die Differenz lasst sich jedoch statistisch meht sichern

In Iab II sind emne Anzahl weterer Daten wahrend der verschiedenen
Versuchsbed: g gestellt In heinem Tall finden sich staus
tisch zu sichernde Differenzen zwischen den beiden Gruppen Das glt nicht
nur fur die Bilanz der Gesamthamoglobinmenge sondern auch fur den Em
zelerythrozyten Die Erythrozyten Hb konzentration ausgedruckt durch das
Verhaltnis von Hb honzentrition/Hamatoknt  ndert sich namhch micht

Auf Grund dieser Versuche erschien es mcht notwendig den Tieren zu
satzlich Eisen zu geben

9 Absolute und relati ¢ Blutuerte unter Hypoxte
Am eangehensten sind die Veranderungen der Gesamthimoglobinmenge
untersucht worden wahrend der ersten Zeit im Sauerstoffmangel 1 2—3
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gewscht ron Ratten vor und 1 Unterdruck entsprechend 1 000—3 000 m Hahe D¢ Buchstaben

gesetste Gruppen Dt dem Hohens afen patsp k entspracht der

Genbt g | TonHbg ‘Tm Hbg/1% g Gew

n Hypou "m Hypo Tn Hypow % v Hypoue | In Hypoue
380 £ 209 28020122 | 3060144 | 07600 08120073
3301782 A0 | 311018 | 930wl ) 081-006
22 30810006 | 35120105 | 072000 | o0Btroms
1w08% 75 3084008 | 35120103 { 0722001 | 0861007
4302169 3092015 | 361015 078 L0M9 | 0890054
392£313 30,0146 | 4082026 | 0761002 | 1042003
320 £ 172 20104 | 39%0154 | o700l 10055
302198 232013 | 324201 | o7zo0s { 1010035
0195 Ltz | ossezoem | 1ot zoon | 1S2zcer
33z s 33640130 | 51550297 | om=vow | 1l9xow?
363L 159 3642015 | 66303 | 089£003s | 181k0127
2675 50 YU L00M4 | 53120373 [ o&7=o001 { 2002 0133
/L e 2062009 | 4B 02 | OMLOM3 | 1811 0es2
344 143 2010030 | 6.62:043 | ofrmooun | 22306
373 58 7470053 | 53720280 | 0020014 | 1442006
3943 111 2672012 | 581202t | 06£003 | 148X00s8
» 4100 2020137 | 137x0407 | onxow7 | 22710108
2391 154 5.4 20491 51140447 19 %0230 18 0210
3L 79 4762070 | smpxodms | 1s6oas | 1ot
97129 ssi0388 | 6amzoew | 1vLzoim | 23670

tagigen Abstanden in emer Reshe \on Versuchen wenter etwa 2 mal wochent
hich Demgezenuber sind die relaten Blun erte (Hibr-konzentration wnd
Hamatoknt} aus denen sich zusammen mut dem Gesamt Hb das Blut
Plasma und Frythrozytenvolumen berechnen mnicht in alfen Hohenstufen
gemessen und um allgemernen auch mcht deren zemliche Verlaufe verfolgt
worden Dadurch sollte oder Infel Tt deren
moghchen Ruckwirkungen auf das Gesamt Hb sorgebeugt werden

Die hurvenverloufe des Gesamt Hb zwischen 2000 und 5000 m Hohe
WeEISCR 1m ganzen em gemensames Merkmal auf wie es sich aus Abh 3
deutlich erkennen lasst zunachst steigt das Gesamt Hb e nach dem Grad
des Unterdrucks etwas ¥ 3 {1 e M und {5l dann
auf emn miedrigeres \weau ab das etwa dem Wert zwischen 1o und 20 Tag
entsprnicht

Diese \eranderungen hangen micht damt zu,ammen dass etwa die Tiere
krank geworden sind Fane Erksankung hann sich zwar auch in emem Abfali
oder ewner verzogerten Buldung des Gesamt Hb aussern pfiegt aber glexch
zewig mut emem Gewichtsverlust verbunden zu san Emn 24-tagiger Versuch
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AU 4 Grws 5t und Llutwertr von Ratten an Hyposs entor clend £000 m Jf be M1t
wert on 7 Tiven ot Sundardats edd gnp

n 1000 m zesgte 30 gennge Veranderun en dass auf esne rraplusche Dar
stellun,, verzichter vurde

In Tab 11T sind wester dir Au ganis- und Frdwerte dicer Versuche 2u
sammengestellt Naturhich 15t denkbar dass sich die Endwerte ber lanzerer
Versuchsdauer noch etwas serandert hatten sie sind aber beson Jers wenn
das Gesamt Hb auf das horper,cwicht bes yen wird recht anstruktiv und
Lissen die prinzipicllen quantitatnen Veranderungen erkennen

Berats in 1 000 m steit das Hb s nifikant /p = 0 01) auch auf das harper
pevicht bezen (p = 00,—001) weter by zu 3000 m 3 dch 1n relats
beschedenern Umfang 4000 m hat berents emne recht krdftge Warkung
e Werte las.en sich gut reproduzieren In 5 000 m steist eine Gruppe stark,
cinc andrre gegenuber 4 000 m kaum Wir spater m emzelnen gezer,t wird
hing diese Differene mit dem Alter bzv  der Groese der Ticre zusammen

Die relatnen flutwertie zu.ammen mu dem blut Flasma und Erythro-
zvtenyelumen von Versuchen 10 2000 4000 und 5000 m snd Tab IV 2u
entnchmen In 2000 m 15t die blie Hb-Konzentratin nach 14 ta,rr Ver
suchsdauer bemerkenswert dir mut emnem hochugmifikanten Abfal (p <
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Abb 5 Gew chtund Gesaratt m globm n Ratten n Hypoxi rntsp cchend G 000—8 000 m
Hh Muelwert m6000m o 1e5~—8Tern n7000myon7—t Teren n8000m on
3 Tiren Symbol mt 3 muchsbese chrumg A~ 6000m (19 9T) @@ 6000 (19 3
11T C~—0O6000m (195811 _—  6000m (19 91N D—i3 6000 m (1958 [V) w—m 6 000
m (19 7 1Tb) D~ 7 000 (1956 ¥ b) @—@ 8000 m (198 ) D ¢ Pa enthescange
gebenen \ exsu Fsmummern entspe chen den Bez chnung n 1 Tab 11 Iolgende Vers hs-

ppen befanden b zu o a f wer niedngeren Unterdruckstuf 19 7 1Ib 60 T ge n
3000m 198%va meg m6000m 198V ¢90 T g m7000m

0001) von Blut und Plasmavolumen serbunden 1st Da aber auch gleich
zeiig das Gewacht abgefallen st {p < 0001) 1st die Differenz fur das Blut
volumen/100 g Korpergericht nur schy ach sigmufikant (p=005) Der
Versuch wurde nach 4 Wochen mit genau demselben Resultat wiederhoft
In 5000 m sind ber dem hohen Gesamt Hb dieser Tiere nicht nur die persphe
ren Blutwerte gegenuber 4 000 m hrafug angestiegen sondern auch das Blut
solumen (p < 0001)

Genngerer O, Druck als entsprechend 2 000 m Hohe fuhrt durchweg zu
emer sehr krafigen polyzythamischen Reakuon Abb 4 zegt den Verlawf
derartiger Veranderungen 1in 6000 m Im wesenthichen haben die Werte
nach 40—50 Tagen emn neues ‘\ncau erreicht Das Gesamt Hb und das
Erythrozyenv ol sind etwa ppelt ber unverandertem Plasma
volumen hat sich das Blutvolumen beinahe um 50 © vergrossert. Der Hamato-
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Tab IV Aluteluerte yon Hamoglshimkon.entratin  Hamatskrt  Mamoglobudon ntrepion x
Plasmarolumen von Ratten sor sund in Unterdruck entsprechend 2 0007 000 m Hike

Fur K und G b a der Gruppen s Tab 111
Ver n v | Rel Hbg / Hee / Rel Bbg
such é X e
Ne B r ’

o | & |Ver In Vor In Vor In

E E Hypoue | Hiypoxe | Hypowe | Hypoxe | Mypor | Hypoxie

5
19601 1952000 141436504311 17604029147 447 73159641 0830 540 25/ 296.£007
19601 {912 000] 23 - 183830374 -  {609x123) — {a02p09s
19:81a {6}4 000} 68 - 187240291  ~ (6104063 ~ 307204
105815 {615 000] 6318 7240291 223920265/ 61 0063} 70841 20{ 30 7:L0 4 31 6.£0 44
19811 1616000 4013011028024 TB2D 70942 D 1 12] 78 31 41 31 00 16131 6 £0¢F
19581115816 0000 40112 7340228 24 4040 336/ 40641 00] 74 71 54131 446022 10 72048
19581V {6{6 000} 73 - 246040572 -~ (80322320 -  [3051038
19,91 {7]6000] 100} 152540 130[ 22 6320 502) 52 3 10 57} 70 711 42| 29 3203431 5.£028
190911 {816.000] 40]14 3040 233{23 560 476{ 4624083 7606 1 15{31 01058/ 31 04039
3950111] 7{6000] 48] 133510330 26 $4:6 0422 45 4.1 10] 85 341 7520 50 7,131 0 £.025
19,8Vhi417000f 00§21 481 63023 601 000] 760 L4 18] 750357130 4:6:0 73 31 62065

krit 15t 1n diesems Versuch etwas rascher als die Hb honzentraton pestiegen
Das hat zur Folge dass die durchschnstliche Lrythrozy k
ausgedruckt durch das Verhdltass von Hb honzentration % 100{Hamatohnt
von 203 + 034 sor emnsetzendem Unterdruck auf 96 9 4 0 63 nach 17 Tagea
Unterdruck hochsigmiikant abgefallen 1t {p < 0 001) Im westeren Verlauf
stergt der Quotent aber hangsam auf emen Endwert son 3184 082 der
sich micht vom Ausgangswert unterschoidet Dieser Abfall der auf eme set
zogerte Hb synthese gegenuber der Zellneulnidung hinwessen honnte yurde
0 hemnem anderen Vessuch beobachter

In Abb 5 sind he Veranderungen der Gesamtiymoglobinmenge und des
Gewachts der Versuche in 6 000—~8000 m dargestellt deren Ausgangs und
Lnds erte ausserdem Tab 111 zu entnchmen sind

In 6 000 m kann s 2u cxner 3 Fichen C csamimenge Hb gebildet werden
pach 20 Tagen sind cewa o, nach 40 Tagen etva 30 o des Endwcrtes
errescht D \aximurn wie m den Veruchien bns zu 2000 m ward nschit
heobachtet Daben muss dahingestellt bloben ob an solclies bes Jangerer
Versuchszest doch noch zu erkeonen gewesen wire Die deatlichen us Tab
i zu ek den Inik #vaschen 51 Liergrappen + crden
unten genauer analysiert se hsen sch mi ener Awsnthme (1909 1) wf
Altershktoren bzw  die Ticrgrone zuruckiuliren

Das Gewicht sinkt 1 6000 m smttal um 1015 % und crrecht nur a0
cnigen Tallen und nach lapgerer Zou + teder das Ausgangymiveau  His aul
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100{ Hamatokest Blutzolumen Blutvolumen|100 g Rorpergerxcht Enythro ytenvolumen und

Eluty | m] Blutvol Erythr vol ml Plasmavol. ml
ml{100 g Gew
Vr In Vor Tn Vo In Vor In
Hypou | Hypoue | Hypoue | Hypoxe | Hypowe | Hypo 1 | Hypox | Hypoxe
2861093 | 266099 | 674023 | 641+015]1011033|11940 3611842090| 1484061
_ 2541065 ~ 621011 - 116103 - 1384026
- 7301117 - 723024 1051063 - 1° 534058

2304117 | 2710156 | 722024 | 912052{1052061] 1442097} 1252058) 1262063
2024041 {2664.073 | 692012 { 973031 643027[1561058{1381022] 1101043
2162081 266109 | 764032 [1032027] 66:£019]150+077]151.4068) 1161048

S Ymrxve) — hzexem] —  jwa;s) T isszoa
216402 3141101 [ 614013 | 84x020| 8a1013{1672081|131.0018] 1482037
2592115 {3301137 | 614019 | 841019] 86£04>|188208|1625076] 142068
2514153 3712164 | 71203 [1142047] 851056)2385139|1661107] 1332048
20232 9|3254+150 | 905095 |108:068]156.5228)183150]1374070] 14 x074

die ersten Tage m Hypoue waren jedoch Fresstust und Allgemembefinden
der Trere nicht beeintrachtigt

Die Tab IV zu entnehmenden peripheren Blutwerte 1n 6 000 m sind durch
weg sehr hoch mm aner Versuchsgruppe (1959 IT1) betragt der muttlere
peniphere E 85 9% 1n Finzelfallen sind Werte von uber 90 % ge
funden worden Im ganzen schewnt die durchschmtthche Hb-konzentration
der Erythrozyten (Hb konzentration x 100/Hamatoknt) gegenuber den Nor
malh erten etwas hoher zu sen die Dufferenz lasst sich jedach staustisch nicht
sichern  Das Blutvolumen steigt um etwa 20—50 % (p < 0001) wober
das Plasmavolumen mm allgemein n um etwa 10~-20 / absinkt

‘Wahrend bis zu 6 000 m Hohe dic Trere direkt dem gewunschten Hypovie
grad ausgezetzt werden konnten und sich nur m emigen spezicllen Unter
suchungen auf die spater naher ¢ingegingen ward zuvor wuf emner geringeren
Untetdruckstufe befanden endeten alle Versuche Tiere direkt 7 000 m aus
zusetzen gt dem Tod dieser Tiere nach emnem oder mehreren Tagen Es
war alo notwendig diese Tiere zunachst an ene medngere Hohenstufe zu
adaptieren Aber selbst von Ratten die an 6 000 m voll akkhmausiert waren
war di Sterbhichkert sehr hoch Das verfugbare Matenal 1st deshalb bescher
den 7000 m uberlebten bis zu 20 Tage 7 Trere bis zv 30 6 und bis zu 80
Tage 4 Tiere 8 000 m uberlebten nur 3 Tiere fur 17 Tage

In 7000 m skt day Gesamt Hb abgeschen yon emem genmngeren itialen
Abfall micht 1m ganzen findet sich vielmehr ene steigende Tendenz Auch
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homrglobinmenge ermmnttelt bereats emne gewsss S orv.ellung uher die Lildun
lexsturg der Tiere 1m Saverstoflmangel. Lanen ueferen Finblich in die Dynamik
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eine ang Erythrozy von 60 Tagen zugrunde liegen
die nach Fryrrs und Beruy (1902) auch unter Hypoxie gilt sind aus Abb 6
ersichthich Je nach Hypoxiegrad und Ausgangslage der Blutbildung werden
dabes drei verschiedene Bild fund,

In masst,er Hypoxie entsprechend 3 000 und 4 000 m Hohe (Abb 6 a) steigt
die Hb hildung innerhalb der ersten 48 Stunden auf das etwa 4-fache der
Norm/Tag und bildet e scharfes Maximum fallt zwischen 2 und 5 Tag auf
emn Mimmmum 2b um dann zvischen 6 und 20 Tag mt cinem ziembich aus
gepragten Maximum um den 10 Tag herum dse Masse des Hb zu synthetisic
ven Die am 100 Tag Ay Werte hen der hch
Bildungslesstung  die notwendig ware um die Gesamthamoglobinmenge auf
emem 3000 bzw 4000 m Hohe entsprechendem Nneau zu halten Die
hurvenmverlaufe mussen weiterhin um den 70 Tag herum gedampfe die
Veranderungen des 10 Tages wiederholen dem Zertpunkt zu dem die nen
gebildeten Zellen ziemlich rasch abgebaut serden

In krafter Hypovie entsprechend 5 000 und 6 000 m Hohe (Abb 6 b} ergibt
sich em anderer Bildungstyp Zwischen Tag 0 und Tag 2 findet sich cbenfalls
emn scharfes \axmimum von etwa gleicher Hohe wie m 3000 und 4 000 m
Hohe Danach fallt die Hb-bildung beinahe kurvenlinear bis zum 40 Tag ab
chne dass ein Mamumum um den 4 Tag durchlaufen wird Die starkste Hb-
synthese findet luer also bis zum 10 Tag statt die dann wiederum um den
60 Tag erhebliche Ausmasse annchmen muss

Krafte e Hypovie bex bererts massi, sttmulierter Epythropotese fuhrt zu einem von
diesen berden beschnebenen Runentypen deutlich abwerchenden Verhalten
(Abb 6¢) Allen Versuchen gemewmsam findet sich pamhch kemn Maximum
zwischen Tag 0 und 2 In der Versuchsserte mit dem geringsten Hohenunter
schued bet der die Itere nach etwa 2 monatigen Aufenthalt 1 4 000 m auf
2000 m gebracht wurden st die durchschnutthche tagliche Hb bildung zu
diesem Zertpunkt nur verdoppelt und errercht erst nach 2 bis 5 Tagen emn
schwaches \Masimum Werden Tiere nach etwa 2 A\fonaten 1z 3 000 m auf
6 000 m Yiohe gesetzt nahert man sich mehr den Verhaltnissen eines unmuttel
baren 6 000 m Versuchs Der Bildungsverlauf entspricht auch dresem mut der
Emschrankung dass das M. zwischen Tag 2 und 5 Legt

En diesen Versuchen ahnhiches Bild erhalt man ebenfalls wenn man die
Erythropotese vor emsetzender Hypowe auf andere Werse sumuliert Tn zwer
Versuchsrethen wurde den Tieren akut etwa 1;3 der Blutmenge entnommen
Unmuttelbar nach Abschluss der Regeneration vurden dann die Tiere 6 000 m
Hohe ausgesetzt Auch hier fehlt das smnale Vaximum und die starkste Hi-
synthese erfolgt ebenfalls um et a den 5 Tag

rlaufe

4 Der Emfluss zon Aller b Tiergrosse auf die Blulaerte unter Hypoxic
Vergleicht man in Tab III das auf das horperges1cht bezogene Gesamt

Hb der verschuedenen Versuchsgruppen m 5000 und 6000 m lassen sich
2633015 A taphys I ¢ 4V 157
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deuthiche Differenzen feststellen Zunachst wird man die varerende Ver
suchsdaver dafur verantworthich machen Ein anderer Faktor mag eme ge
wisse Inhomogemtat des Tiermatenals darstellen wie sie enc mehrjahnge
Versuchsdauer ervarten lasst Schhiesshich wird man aber auch 2n das Alter
der Tiere zu denhen haben Bereits unter Normalbedingungen finden sich
deutliche Unterschiede des Gesamt Hb zwischen jungen und alten Tieren
250 g schwere etwa 50 Tage alte Ratten haben durchschmttlich 0 76 g Hb/100g
Korpergewicht 400 g schwere etwa 200 Tage alte Ticre nur noch etwa 071 §
Hb/100 g horpergewicht (Trisukarr 1960 b)

Derartige Differenzen der Hb menge verschieden grosser Tiere lassen sich
auch unter Hypovie nachwetsen Das geht aus Abb 7 hervor wo das Gesamt
HbBJ100 g horpergewicht uf der Ordinate gegen das horpergewicht auf der
Abszisse von Tieren tn 5 000 und 6 000 m aufyesragen worden st Von den
Versuchen 1n » 000 m wurden die Werte zwischen 50 und 60 Tag verwendet
von den 1 6000 m die VWerte des 40 Tages Obwohl der Akkhimtisation»
prozess m 6 000 m Hohe zu diesem Zeitpunkt noch micht voll abgeschlossen
1t sind die Werte doch unteremnander vergleichbar Die Cruppe 1929 m
Tab I deren Werte nur einmal am 48 Tag festgestellt worden sind und
die vollig aus dem Bild herausfallen wurde ausgeschlossen Das Gesamt Hb/100
g Rorpergewicht fllt 1n beiden Hohenstufen mit steigendem Rorpergenicht
sigmfikant ab

‘Auch dic Hb-konzentratton sinkt mut stergendem horpergewicht etwas
Die von 29 Tieren nach ctwa 40 tagigem Aufenthalt i 6 000 m Hohe herech
nete Reg 1 fur dic Hb-} 1uf der Ordimate gegen d1
Gewicht auf der Abszisse lautet y = — 00097t ¥ + 2668 Die Hiekoo
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zentration von 250 g schweren Tieren betragt danach durchschmtthch rund
242 g% die von 400 g schweren Tieren 22 8 g 4 Ihe Streuung ist aber gross
und der horrelationshoeffizient hat nur emen Wert von — 037 mit einer
Signifikanz von p = 00>

Das aus der Hb konzentration dieser Tiere und dem entsprechenden Ge-
samt Hb } Blutvol fallt ebenfalls mat dem horperge
wicht Telatty ab das 250 g schwere Tier hat ein Blutvolumen/100 g Rérper
gewicht von 103 ml das 400 g schwere Tier von 81 ml Dic Gleichung der
Regrossionshme lautet y = —00144 X + 1379 Der homelationshoefli
zient betragt — 072 und st hochsigmifikant (p < 0001)

Diskussion
Es it seit langem bekannt dass O Mangel und Blutbildung 1n emnem
Zusammenhang stehen Velcher Art dieser Z \; st st

weitgehend unklar Ein Schott in der Analyse dieses Problems besteht darin
quantitativ den Grad der Erythropoiese in Abhangigkeit vom Oy Druck zu
untersuchen Da relative Blutwerte nur emen beschrankten Linblick 1n die
Erythropoiese geben wurde m den vorhegenden Untersuchungen sorwiegend
die G 1 1ob

Lrste Zewchen emer erhohten Erythropoiese lassen sich bereits sn Hypoue
entsprechend 1000 m Unterdruck nachweisen Fur den Menschen gibt
VerzAR (1947) als untere Reaktionsgrenze etwa 2 000 m an

Bis zu 4 000 m Hohe steigt das Gesamt Hb der Ratte 1n relativ massigem
Umfang erreicht dann aber zwischen 4000 und 6 000 m sprunghaft cinen
2—3 fachen Wert Dieser drastische Anstieg sprelt sich ber emner artericllen
O Druck Differenz von etwa 10 mm Hg ab darauf wird 1m Linzelnen im
Zusammenhang mit der Analyse der artersellen Blutgase unter Hypote spater
emngegangen (Trizunarr 19622) 7000 m und 8000 m Hohe haben gegen
uber 6 000 m emne gewisse weutere Steigerung zur Folge ful ren also nicht zu
emem Abfall wie thn Reyvararje (1958) auf Grund der Untersuchungen
von Tarsorr (1936) sowie Hurtape MeriNo und Dercano (1945) diskutiert
hat

Es 15t emmgermassen schwierrg Daten der Hb bzw Crythrozytenmenge der
Luteratur mut den eigenen dse mit dem Alter der Tiere und von Gruppe zu
Gruppe varueren konnen vergleichen zu wollen Von Hohen uber 5 000 m
hegen nur wemge Untersuchungen vor Remsmamy (I1951) fand bam Hund
nach emem Aufenthalt von 12—14 Wochen 1n 350 mm Hg emn gegenuber
der Norm um 70 ¢ erhohtes Ery throzytenvolumen Dsc cigenen Werte hegen
durchschmttlich bes etwa 150 , Aus den von Fryers (1952) fur Ratten ange
gebenen  allerdings micht emndeutigen Ziffern lasst sich ein um etwa 110 7
hoheres Erythrozy i als normal errect
lang 1n 427 mm Hg und 13 Tage m 320 mm Hg

Die There waren 35 lape
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In niedngerer Hohe entsprechend ctwa 430 mm Hg crgaben dic umfang
rexcheren Untersuchungen an Hohenbewohnern der Anden emn gegenuber
Meereshohe um etwa 50 9, grosseres Erythrozytenvolumen (HurTADO ef af
1945 Mezmo 1950 Revvararfe Lozaso und Varowieso 1959) Bem
Hund 1n gleicher Hohe sct hnhiche Werte v liegen (Rorry zit von
Hurtapo et af 1945) Demgegenuber 1st das Lrythrozytenvolumen von
Ratten auch in dieser Hohe offenbar grosser Fryers (1952) gibt emn etwa
80 9} hoheres als normal an die exgenen Werte Liegen in etwa gleicher Grossen
ordnung

Aus diesem Verglerch geht hervor dass dic Reaktionswerse der Erythro-
porese verschiedener Sauger auf O, Mangel mcht gleich zu semn schent
Eine Voraussetzung dafur dic Ursachen dieser Unterschiede festzustellen
1t dass man das Regul 1 der ten Erythropotese unter Hypoxte
%ennt Wie in emner spateren Arbeit gezeigt wird hangt dieses teibwerse mit
«dem O, Gehalt des artentellen Blutes unter Hypoxe d h den O, Transport
verhaltmssen zusammen (TRIBUsAIT 1962 2)

In 6 000 m Hohe nahert sich die Hb menge offenbar cinem oberen Grenz
wert Bet der Dishussion der Frage welche Faktoren im Linzelnen die Gesamt
menge Hb etnes Organismus begrenzen wird man zunachst zu prufen haben
ob die Bildungsleistung ithren \aximalwert erreicht hat Diese muss uber
der Abbauquote hegen damt uberhaupt cine grossere Menge ertercht »werden
kann Aus der Berechnung der taglichen Hb synthese ergibt sich dass in
6 000 m zummindest wahrend cuner Zetspanne von 14 Tagen so viel Hb geluldet
wird dass diesc cmner etwa 4 fachen Gesamimenge Hb genugen wurde
wenn sie sich auf emer gleichbleibenden Hohe huelte

Nun herden sich die Verhal tn 6 000 m von denen in grosscren
Hohen wesentlich In 6000 m gelingt es namlich noch die mednge O
Sattigung des Blutes durch emne hohere Hb-) zu komp -
offenbar eines der Anpassungszicle unter Hypoxie (Trisurarr 1962 a) Das
1st 1 7000 m definin ncht mehr moghch Die mt der Zest abnehmende
Biddungslesstung 1n 6 000 m kann man < 1c tn medngeren Hohen durch den
mut fortschrettender Hb bildung immer geninger werdenden Brdungsreiz zu
erllaren versuchen Dass 1n 7000 m Hohe trotz emes erniedrigten O, In
halts ebenfalls nur eine gewisse Menge Hb gebildet wird mussalsocine andere
Ursache haben

Line direhte schadigende Wirkung zu miedngen O Drucks auf das knochen
mark 1st nach Untersuchungen an hnochenmarkkulturen denhbar {Ro
und Raciuewrrz 1918 Astarps Brrsarpecut und Resauno 1957 Ber
«amperyt 1929) Die mn varo untersuchte Protoporphymn und fhimsynthese
sinke ebenfalls 1n starkerem O, Mangel ab (Fatk et al 1959) Vbetter mag
der sich verschlechternde Allgemeinzustand auch aufl die [ rythropoese
negaus einwirken Es sind aber auch ahm': gegcnrcgulmonsdx::'Pw‘«'ﬁC
denkbar die dann emsetzen wenn L ese dic grossc
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oder der d kot andere horperfunk zum Erhegen zu
bringen drohen Endlich st aber auch vorstellbar dass der O, Bedarfin 7 000
m auf andere Weise z B durch eme erhohte Rapillansation oder Durchblu
tung befriedigt wird und damut kemn erhohter Bildungsreiz mehr besteht Der
wertere Anstieg i 8 000 m deuter mcht auf emn 'V ersagen der Hb bidun,, lun
und mag diese Vorstellung stutzen

Die Frage nach begrenzenden Faktoren ber der O, Mangel Polvzythamse

t schltesshch auch :m h mit der Polycythamua vera
ber der 2—3 fache Gesamtmengen Hb nicht selten beobachtet werden (Exg
sreor Franzéy und Trisunarr 1962 a)

Es 15t emer der wesentlichen Vortelle der verwendeten CO \Methode vom
glerchen Teer die G k gl beliehig oft b n und somit
deren Bidungsverlauf studicren zu konnen Ber der Betrachtung der Ver
anderungen der Hb menge darf man nun mcht ubersehen dass diese wenn
auch uberwiegend so doch mcht vollstandig aus zirkuberendem und zu
ememn kl Te1! aus mchtzirkul dem 1n den Geweben kegendem Hb
besteht Wie oben besprochen (s Methodik) kann angenommen werden dass
berm normalen Tier etwa 4 ° des Gesamt Hb in den hnochenmarkzellen
fraert sind und westere 2-—-3 © 1n dem Retikulozy tendepot des hnochenmarls
begen Dicse Zellen konnen 1n die Zirkulation ubertreten gehoren also nur
fakuitativ zum nicht wrkuberenden Hb Das Verhaltms von zirkubierendem zu
mchtzirkulierendem Hb lasst sich praktisch dadurch prufen dass man gleich
zewg das Gesamt Hb mut €O und das zirkukerende Hb mut ener Zellver
dunpungsmethode musst In ziemlich guter Ubereinstmmung mit dem berech
neten Wert wurden fur das normale Tier mut emner durchschmtthchen Gesamt
menge Hbvon 241 g021 g d h etwa 9 °, nichtzirkulierendes Hb gefunden
{EagsTEDT Pewie und Trrsvharr 1960}

Die hohen Anforderungen an das erythropotetische Gewebe usnter Hypoae

Lul d

lassen bed de Verschet des Verhal h
und michtzirkuherendem Hb erwarten besonders solange sich kein end
gultuges Gl bt 23 ischen Zelineubild

und abbau emgestellt hat
L Extremfall hiegt wahrend der ersten bexden Tage unter Hypoue sor wo
eme kraftuige Zellneubild: i Kuoch und Milz emsetzt (S atHoRF
19502 Morrer 1960) und gleichzeig die Retikulozyten des hno henmarks
verdredfacht werden (Saatiorr 1950a) ohne dass Reukulozyten mn zirku
lierenden Blut aufireten Diese Phase der Hypoxe wird noch 1n emer be
Arbert hender besprochen (Trmenarr 1962 by

Diesc Vorgange durch die das erythropotetish akine Gewebe it Hb
gevassermassen aufgeladen wird finden shren d uthchen Niederschlag 1n
enem nivalen Hb maumum wenn man die taghche gebildese Hb menge
unter Hypovie zur Darstellung bringt (s Abb 6) Die Hohe dieses Maxmums
d h alo die Quanttat Hb dic m den blutbildenden Gewehen zu hegen
kommt zegt nur eme schwach ausgepragte Abhangigkeit vom Grad des
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Unterdrucks Ein solches Maximunt 1st nicht oder nur m geningerem Umfang
ber bereats simulierter Lrythropoiese zu erwarten Daber sind Hypove und
Aname als Stimulus wie sich zeigt etwa gleich wirksam Der geningste leke
liegt dann ver wenn dic Differenz zwischen der Ausgangslage der Lrytheo-
potese und dem Zusatzresz genng st (z B zwischen 4 000 und 5000 m}
umgckehrt st die Differenz z B zwischen 3 000 und 6 000 m gross und ent
sprechend auch der initiale Hb-anstieg Es se1 hier betont dass die taglich
gebildete Hb-Menge die sich aus dem gefundenen Gesamt Hb und emer
angenommenen Erythrozy tenlebenslange von 60 Tagen errechnet als Min
destwert anzusehen 15t FRYERs und BERLIN (1952) haben zwar unter Hypovie
emne 1m wesenthchen unveranderte Erythrozytenlebenszeit gefunden Ob das
aber auch :n 6 000 m Hohe ber extrem hohen Hamatohrmwerten der Fall ist
muss offen bletben

In dicsem Zusammenhang taucht nun micht nur die Frage auf welche
Prozesse dic Zellbildung sondern auch den Abstrom der gebnldeten Zellen
m die Zirkulation steuern und wie diese besden Prozesse muteinander ver
knupft sind Es erschemnt gesichert dass der Zellausstoss aus den erythro-
potetischen Geweben unter Hypovte zunachst micht kontnnerlich vor sich
geht und mcht zur Zellbildung in ciner emnfachen Proportion steht Zuischen
dem hypowuschen Reiz und der darauffolgenden Retikulozytenstergerung im
Blut Iiegt emne Latenz die auch mut der Dauer und dem Grad der Hypoue
varnert (SuvpsTROEM und MIcHAELS 1942 Saatsorr 1950 b VMerTag 1997
NoLLer 1960; Esistvorstellbar dass dre Durcht des erythrog hen
Gewebes in diese Bezieh mit Iich ft Wertere denkbare I'1kto
ren werden 1n emer anderen Arbeit diskuniert (TRiBLAAIT 1962 b) Dic Zellnen
bildung bis zu 4 000 m Hohe geht sowent sich diese aus dem Verlauf der tighch
gebildeten Hb menge beurtetlen lasst ebenfalls mcht konunterhich vor sich

Einen relatnen Abfall der muchtzirkulicrenden Hb menge wird man anderer
seats damn erwarten dutfen wenn mit grosser werdender Gesammenye Hb
dir Anforderuncen an die Lewstung des blutbildenden Gewebes gennger
werden Dic mehr oder minder ausgepragten \faxtma der Runemerlhufe
der Gesamthamoglobinmenge bis zu 5 000 m Hoke die sich dann je nach dem
O, Druck auf emn getisscs Aneau emstellen konnen in dieser Ruchtung
pedeutet werden und micht als eine uberschiessende Bildung von airkule
rendem Hb Dass 1n 6 000 m heme derartgen Maxima mehr gefunden werden
mag sich daraus erklaren dass die wererbestchenden Forderungen an du
blutbridende Gewebe dessen Linschrankung mcht zulassen Dic nchizrhubie
rende Hb-menge von Ratten nach mehrwochentlichem Aufenthalt m 6 000
berechnet aus dem mn CO und Cr * gezeichneten Frythrozyten besummiten
Hb betrug ber emer durchschauttlichen G cson 565g 078
d h also etwa 3 mal soviel wie normal (Faestep? of ol 1960)

Aus dem Angefuhrten folgt dass die aus dem Gesamt Hb und den : f
Blutwerten berechneten Blut bzw  Plasmavolumna mut emem Unsichet

elativen
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hertsmoment bchzftct sind B kann aber kein Zweifel daruber bestehen und
alle diesb 1 Ui dann uberemn dass das Blut
volumen ber 1 haltender Hok fenthalt mehr oder minder krafug
ansteigt (Hmz'r,\no et al 1945 Mermo 1950 Remsswany 1951 Fryvers 1952)
Ber den vorhiegenden Untersuchungen bildet nur der 2 000 m Versuch eme
Ausnahme davon hier findet sich namlich em genngeres Plasmavolumen
ohne emn entsprechend grosseres Erythrozytenvolumen Daraus resultiert emne
relatn hohe Hb konzentration des Blutes die 1 Smne emer Hamokon
zentration zu deuten 1st
Betrachtet man das Blutvolumen als Mass der aktuellen Grosse des Gefiiss
systems bedeutet emn 30—50 , grosseres Blunnolumen wie es huer gefunden
wird eme w liche D d des Gefassystems Die von
Aerener und ScovEmEeR (1949) Mercaer und Orrrz (1949) Oerrrz (1952)
sowie VaLDIviA (1936) beschriebene erhohte Kamllansauon unter Hypoue
stellt die funktionell wichtigste Seite dieser Dimenstonsanderung dar MERCRER
und Oprrz (1949) messen dieser Zunahme der Rapillansierung eme wentaus
g'msscre Bedeutung fur die O Vcrsargung der Zejlen als der hoheren Hb-
oder emer Durcht ung zu Aber auch andere
Abschmtte des Gefassystems nehmen an dieser Dxmensaonsanderung ted das

von der Ratte ! hmwno b Herzvol steigt mut dem
Blutvolumen ch gute und den normalen Verhaltussen entsprechende horre
lation t 1 und Herzol; spricht werterhin dafur dass
dse D derung der  erschiedenen Gefs n

Wese erfolgt (Tripvnarr 1962 ¢) Das st wie das umeranderte Herzsolumen
ber der Polycythama vera zeigt durchaus kemne Notwendigkeit (ENGSTEDT
Fraxze~ und Trisugart 1962 b)

Daruber wie Al k bzw die T: zu emer \erschied
hypouschen Reaktion fuliren die das Gesamt Hb ebenso wre die Hb-kon
zentration und das Blutvolumen betnifft lassen sich nur Vermutungen aus
sern Das gefundene Bild st jedoch ders \erhalten von thyreordektormerten
und normalen Tieren in Hyposie (Vax Dvyxe f al 1954) so ahnlich dassd e
Vermutung nahe lhegt dass auch luer Anderungen im Stoffwechsel von
Bedeutung sind Vax Dywe ef al fanden 1m Normaldruck kemne Unterschiede

dcr penphcxen Blutwerte und geringere Diffe der G th
und th dek ten Tieren unter Hypouie
genngere U t der Hbk und kraft des Gesamt
BHb
Die vorls den U L ke

zwar dem Kernpunkt der Frage
1 welchen Zusammenhang Q Druck und Hamoglobinhildung stehen und
\ elchem Regul 1 die Erythrop unter dem O Druck
folgt naher Eimge zur weiteren Analyse dieses Problems wesenthche Grossen
der artenielle O Druck und die artenelle O Hb-Sattigung fehlen hier Jedoch

Darauf soll 1n einer spateren Arbeit eingegangen werden (TriBURAIT 1962 )
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Carculatory Studies mn Well Tramned Athletes at Rest
and During Heavy Exerase, with Special Reference
to Stroke Volume and the Influence of Body Position
By
S BeveGArp A. HorMGrew and B Jonssov
R cerved 2 J ne 1907

Abstract

BevecArRp S A. Howmcres and b Jonsson Cirewdatory stud es i
well trawned athletes at rest and during heary exercrse with specal refer nee to
stroke tolume and the influence of body position Acta physiol scand 1963
57 2620 — Fight well trained athletes (cychists; with large dumen
s ons of the crrculatory sy tem were tudied with heart catheteniza
tion at rest and dunng exeraise at 800 and 1 600 kpm/mun bothwh 1
situng and supine The results are compared with data from non
athletes The card ac output at rest and during work shos ed the same
relation to the oxygen uptake 2s in nonathletes The cardiac output
way less 1n the sitting than in the sufine pos tion by 2 6 1fmun at rest
and 1 8 {/mun during heavy work, du 10 a smatler stroke volume
the situng position 1n both groups On tranut on from rest to exerc 3¢
the stroke olume increased 9 in thesupmneand 48 1n the g tting
postion After these imtia] chanees the stroke s olume remained con
stant duriny continued exercise with the heavier load in both body
posiions The difference in stroke olume betwcen supine and sisting
ponnon averaged 43 ml at rest and 9 ml dunng heavy exercsse The
stroke volume dunng wark 1o the supine posivon showed the same
relanon to the blood yolume as i the nonathlercs The stroke yolume
was larger than expected from lhe size of xhc htarl vvhen compared
with the prev ouslv d Tte
rate of work, perforroed at pulse rat 140 horc appmx:mauly te
same refatonsh p to the stroke  olume dunng exercise in bath groups
The larger oxygen transport capac tv of these athletes as compared
to nonathletes s explained by a larger troke volume Dunng exercise
the venencular flling pressures were higher than 1n nonathl tes
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According to tradional views the cardiac output during exercise i normal
subjects 15 augmented by increases in both stroke volume and heart rate An
increase 1 cardiac output was assumed to depend on displacement of blood
to the heart with subsequent mcrease of diastolic filing and systolic output
according to Starling s law of the heart This concept 1s supported by some ob-
servations with wdirect esttmations of cardiac output by gasometric technuques
(kroom and Linonarn 1912 Linduarp 1915 CHRISTENSEN 1931 JorGENSEN
1954 Branor and Bravmira 1961) Although the stroke volume was usually
found to be larger duning evercise than at rest a continuous mcrease 1n stroke
volume during exercise was no constant finding (Boorssy 1915 Deucras and
Harpane 1922 CurssTense¥ 1931 Nigisenw 1937) AssusseN and NIELSEN
(1952) found no sigmficant difference between values obtained with the Groll
man and with the dye didution techruque and their data reveal a marhed con
stancy of the stroke yolume during work up to fauly hugh mntensities Dunng
recent years a number of mvestigations with the direct Fick method (Rumy
et ol 1948 DextER ¢f al 1931 Srownset ol 1954 DonNaLp el al 1955 Barratr
Boves and Woop 1927 HorMGREN Jovwsson and Sjosteanp 1960 Bevecirn
HotuereN and Jonsson 1960 REEVEs ef al 1961 a b) or the indicator dalu
tion techmque (WanG MarsHarL and Swepserp 19602 Braunwarp and
KEeLLy 1960) have failed to support the view of an mncreasing stroke volume
during work. This has also been noted 1n reviews by SjostraxD (1956) and by
Rustner and Sy (1959) In some of the above mentioned reports and mn
some other studies where determinations were made only dunng Iiht work
a shight to moderate increase 1n stroke volume was found m some mdwviduals
espectally on transition from rest to exercise (WARNER ¢f al 1953 VARNAUSKAS
1955 Murrer 1929 McGRECOR Apam and Sexerf 1961) A marked con
stancy of the stroke volume dunng exercise has also been demonstrated 1n dogs
{Rusipter 1909 Wang MarsHALL and SuepHERD 1960 b}

The observations referred to appeared wnconsistent wath the results reported
by MrrexEry Seroure and CHarvan (1908) and \ussHOFF ef al (1959)
who found a significant increase of the stroke volume during work Some of
the discrepanices mn both older and recent hterature can be explamed by the
fact that some studies were made 1n the supine and some 1n the sitting post
pon Thus Mrreners ef al (1998) exanuned the subjects m the erect posttion
and then found a two-fold mcrease of the stroke volume from rest to exercise
In all the other studies referred to either the whole procedure was performed
1n the supme position or if exercise was performed i the siting position these
values were compared with ontrol values at rest in the supme position

It s well d d that at rest from supine to erect postion
causes a decrease of the stroke volume (NvLrv 1934 AswussEN CHRISTENSEN
and Niersen 1939 MoMicHAEL and SHarrey ScuAFEr 1944 STEAD ef af
1945 LacERLOF et gl 1921 Donarb efal 1953) In a recent study of 10 nor
mal subjects the stroke volume was 40 / smaller 1n the sitting than i the supme
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position {BEVEGARD ¢f o/ 1960) On transition from rest to exercise 1t increased
to values slightly below those obtained duning exercise 1n the supine position
and was then constant as 1n the supine position durning continued exercise with
2 heavier load Thus effect of body position duning exercise has also been dem
onstrated by others (Criapstan Frsuer and SprouLr 1960 WanG et af 19602
REEVEs et al 1961 a McGREGOR et af 1961)

However some discrepancies 1n the literature could be due to differences
technique and matenal With the more accurate techniques of indieator dilu
tion or direct Fick only Mussuorr ¢f al (1959) hase found a significant 1n
crease of the stroke volume during work 1n the supinc position Most reports
comprise only a few subjects and the selection of the subjects may be different
The importance of this factor 1s 1ndicated by the result obtatned by Mussitorr
¢t al (1929) They found the increase of the stroke volume duning work to be
60 % n athletes and 39 % in ordinary males Thus the controversial result
1n their study of ordinary males as related to other studies could be due to a
difference 1n selection of subjects their normal cases rmght be more athletic
than n the other studres However judging from the available data (heart
volume and pulse reaction during excraise) their normal subjects were not
more athletic than the ones studied by HoLmgrey ¢t a! (1960 a) and Brve
cArp et al (1960) Furthermore other studies of athletes do not show this
marked increase In 3 athletes studied wath the direct INck method in the supine
position  FReeDuan e ol (1925) found that the stroke volume increased to
25 ,0 above the resting valuc with shght work loads but at a higher work

sload with a pulse rate of 141 beatsjmin 1t was only 13 % above the resung
value Wang et al {1960 ¢) studied 3 athletes with the dye dilution technique
and found that the stroke index was relatnely constant duning work and
only 8—10 9%, higher at a pulse rate of 180—192 beats/m than at rest
the supme postion With the Grollman technique howeser the results have
varied (CrwisTenseEN 1931 JorgEnscN 1924)

‘This myestigation was carried out to get addstional data concerning the be
havior of the stroke volume during heavy cxercise and more information about
the mechanism of the high oxygen transport capacity in athletes both in the
supine and sitting positions  In earlier reports from our hospital the central
circulation at rest and duning cxercise 1 ordinary subjects has been described
The present paper 1s a report of esght athletes studied with identical methods
and procedures

Materal

g to the chte of

“The matertal consists of 8 very w Il tra ned athletes all belongin, e
wh

Swedish evelsts They were exammned duning a period from February to Marc
they had started to train agam for the coming scason but according to th esr own opinion.
they werein a stage of medium degree of fitness Son ¢ anthropometnic data of them3
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Table I Some anthropometrsc data of 8 well tra ned athletes

Work mtens ty  kpmimn
2 t pulse rate 170 ~
ol e beatsf min 2
| & = Z
AE YA I :
el w) - f g : _; S ttmg Supme f =
slelzlzl B)Si)=)2 T ERES
s{olel2{ 21533 cAlelogls2]-F
clZi2lz| 3|z S]la|cEl&3|ftlnclms
1| 201177 66] 18t 10%| 87| 1.5 65| 1600 1,500) 1510} 1570 66
2| 1gf180| 71| 197 | 1120 1003] 141 80 [ 1800] 1810] 18.0| 1890 0
3] 8l172) 7t} 187}F11%0) 1) 1 7 2111800) 1940} 17104 1810 g
4| 190188 75| 20t | 1070] 1115] 149 8.0 f1790) 1890| 1850} 1720 8
5| 17| 182 | 64| 187 90| 893| 140 65 1590] 1,530] 1640] 1640 87
6j 19174 77| 186|109 B3| 124 7318019 0] 1780] 1900 87
7| 28] 181 75| 196 | 1060| 1015 135 771157011 60{ 1610} 17°0 94
8] 22(177] 7| 19011 0f 1077] 150 80} 1610) 1620} 1770) 1660] 110

tenal are p esented 1n Table I The subjects 1 ere thoroughly examined before the 1
vest gauon  cluding history exam nation of the heart and lungs \ ray of the chest
ECG at rest and danng exerais and routine blood and urnne analysis Al results v ere
normal and all ubjects v er regarded a3 being healthy
The sesults ha e been compared vith earber published data from 1 g sentes of normal

nonathletic subjects On series (HousGrex ef [ 1960 21 comprses 14 male and 4 fe
male subjects exammed at rest and duning exerasc i the sup ne pos tion The other
senies (BEVEGARD ¢t al 1960) of 10 male subjects + as exammed at rest and dunng ex

se both 1 the sypie and situng pos t ons In discusang the effect of body positon
the athletes 2 e comp  ed  th the latter suby cts but otherwise  th both groups The
reference group s hich Fas be n used 15 indic ted m each figur  The athletes and the
males 1n th t o reference groups are comparabl w th egard to age and body size

Method and proced  fore munato

‘The methods employed m thodalogical errors nd p o edure for ex mumatons bave
been the same as carhier cported b Beveciro etal (1960) Lactate concentrat on of
the arterial blood + as d termuned a cording to the m thd of BarkEg and SEanERSeY
(1941) as sightly modufied by STRO £ (1949 The breathung -alve used 1n thus mestiTa
tion as a Hans Rud Iph hgh elocty val e With thus al ¢ a flow rate of 200 Ifmun
can be ma ntamed w b a p essure difference of 4 cm H O

Rught hea t cath terization was perf rmed 1n the ysual manner Cardiac output was
determneda codngrothedr tFckm thod 1th analysis of 0xgen saturation and
emoglobin _oncentrat on of the blood spectrophotom tr cally (HorucRres and Per
Now 1939 Th expred air ollected n Douglas b g was analysed a cord ng to
Hatoave a d Priestiy (1935 In the supin pos tion th 1 fer nee lev 1for ero pres-
sure was taken at 3 cm below the msertion of the fourth nib at the sterpum. Tn the sit

ung posttion zero pressure was measured at the nsertion of th e fourth nib at the star
fum.
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The voluntcers were thoroughly informed about the procedures and were fanuliar with
the breathing valve, They had a light meal i the morming but recensed no premedica
tion before the heart catheterization The subjects were studied both at rest in th
supiie poution and then after approxmately G mn rest while siting on th birycle,
This was immediately followed by d termunations duning exercis~ 1n the sitting poution
at two progressive loads 800 and 1 600 kpm/mun The subjerss then restedntt supin
pomtion for 30—4%> min Afier this ime mterval the procedure was reprated m tte
supine postion at rest and dunng work at the same Joads as in the situng ponton.
Jn cases no 2 3 and 5 no determunations were obtained at rest in the siting posiion
because of wmmunent syncope Their symptoms rapidly duappeared when excros
started Case no 5 exercised an the supme posstion before exercusing i the siting post
tion.

Results

The ECG at rest recumbent 1n the standing posttion and duning and after
exercise was normal in al} cases Durning heart cathetenzaton a few ventncular
premature beats sometimes appeared at the hihest work Joads both i the
siting and supine postions Only case no 8 showed 2 marked pulse inercase
on standing The average pulse rate mn the standing positton was 85 beats/mun
(range 66—110)

The total amount of hemsglotin (THD) averaged 993 g (range 827—1 117) cor
sesponding 10 14 0 g fkg body woght (sange 124~157) which 1s nigrficant
1y higher {p < 0001) than found in non athletsc healthy young men (Howx
oren et ol {957)

The hemoglobin concentration taken as the mean of the samples from the brach!
and pulmanary artenes averaged 13 85 g per 100 ml blood (range 12 2—156)

The total blood olure averaged 7 31 1 frange 6 9—8 1) corresponding to 105
mlfkg body wei ht which 1 sigmficantly hugher fp < 0001) than f und m
non athletes {Howsores of of 1952)

The heart rolume 1n the prone pusition averaged 1 037 ml frange 900-—1 150}
v huch ss larger than n ordinary subjects « f about the same body size (BEVE
GARD et al 1950 HorwGres efal 1960 .4) but of the same order as eather
found tn athletes FHowL aves 1926; When correlated with the total am unt
of hemoglr bin 1t v as 1 all subjects s 1thin the range of two sandard ervors af
estumate from the normal regression bne /g 1)

The rate of wors perfored on a biscle exgometer 2t a pube rate of 170 beats]
min (PWC ,; 1+ as determined bath an the stung and supine positt m3 I
averaged § 700 kj m run (range § 560- 1 850, 10 the stung and 1 703 Lpmimin
(range 1,010—) £ 30; 1 the supine posstsn Thus there was on th averz ¢
no difference n [WC,  between the tw  body postons The PR Gy, 139
alsn calculated frem the heart rates during exerene at cardiac eatheterizatt ";
ands asthen 1 761 kpm qun frange 1 00 1 370 n the stiting and 1 7.6 kpm
mun (range § 5201 X003, ; the supioe ponton Thus the capacity to perform
ruseular work at a gren pulse rate was ot sgmficantly altered by the pro

cedure
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The PWC  m the sitting position before catheterization was on an average
somew hat higher than expected from the normal relationstup to heart volume
(Fig 2) Tt was on an average also somewhat higher than predicted from the
THb (Fig 3) No subject had a PWG, ly Iow er than predicted from
the heart volume or THb

Data obtained tn connection with hear! cathelertzation

The heart rate gt rest 1 the supne position during the first determination of
cardiac output was 63 beats/min (range 55—8%) Dunng the second deter
munaton 1w the supe position 1t was 66 beats/min (range 56—83) In the
siting position after 6—7 mun restmg on the bicycle 1t was 64 beatsfomn
{range 58—68) 1 ¢ approumately the same as at rest m the supine position
During d of the basal bolic rate prior to heart cathetenza
tion the heart rate averaged 54 beats/nun (range 46—60) The deviations from




32 S BEVEGARD A. HOLMGREN AND B JONSSOV

Table I The ¢ffect of body postion and exeresce on some circulatory fimctions Vean volues of

PWCyzp Ovnygen uptake mlfmua O; aat m mued ven,

kpm/uun {STPD) blood, per cent

Before | Durng | Rest Work | Work | Rest W k[ Wok

cath. cath. X 1 1 1T
Rerumbent 1401 173 3446 14689 | 33639 77° 471 34
Sung 1700 1461 3844 18643 ) 33368 668 408 70
Dyffesence 4 ~3 ~398 -9>4 -7 81 104 63 14
No of cases 8 8 5 7 8 6 8 8
Stand rd devia

ton 7 91 31 730 1033 35 79 17

Probabdl ty ~>08 S04 >002] <007 >05]<<0001|<0001{ <0O00!

PCVy o = rate of v ork at 2 heart rate of 140 beat fmu

basal conditions are of the same order as earhier found 1n ordinary subjects
(BEvEGARD et al 1960)

The heart rate during exercise increased mn the supne posttion to 115 beats/mmn
(ringe 10o—124) on the first load and to 160 beats/mm (range 149—~170) on
the second load The corresponding figures 1n the sitting position were 11°
beats/mimn (range 102—132) and 159 beats mun (range 149—175) There was
no significant differcnce 1 pulse rate at the same load betwcen the two bod

positions

The o3 en uptake at rest 1 the supme pistuon dunng the first deternunation
was on the aerage 317 9, (range 18—147) lugher than the predicted basal
value (Harrss and Beveoicr 1919) Dunng the second deternunation 1t rest
1 the supine posiuon 1t was 400, {ringe 26—67) and at rest siung on the
bicycle 499 %, (range 37—66) higher than the predicted basal +lue Tie
des1ations from the predicted basal values are more marked than m 1 similar
study of orchnary imdniduals (Bevre 3RD ef af 1960) The oxygen uptahe dunrg
basal d prior to cath on was on the average 96 hugler than
the predicted normal value

The oxs,en uptake durn, eaeraise increased at 800 hpm/mun to an average of
186+ m! (range | 798—2001) i the situng and 1 769 ml (range 1 60—
1,938) 1n the supinc position At 1 600 hpm mun the values were 3 387 mi {ran,t
3,150—3 666) and 3 36% ml (range 3 088—3601) m the siting and supure
posiions respectncly The difference i (xvgen uptahe bets cen work i suting
and supine position was probibly sigmificmt (p < 002) at §00 Lpmmun but
sosgnificant at the hewaer Joad The mechancal efficency at the first work
load averaged 23 8 2, n the situng and 223 1 the supine position Avthe
second worh load 1t was 244 0 and 246 respectnely The difference be-
ween situng and supine posiuon 1 as probably sigificant ¢ the first but
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the material and statisticel s gnificance of d flerences

V-0 —d flerenc  mlfl Cada output Ifmn St ok volume ml

Rest Wa k Wo k Rest Work Wok Rest Wok Work
1 1 I

Il 11 11
385 913 128.. 918 1898 2676 1408 1630 1641
607 1103 1384 661 1689 7450 106 1490 1548
-2 -160 -102 257 209 16 38 140 93
6 8 8 5 7 8 7 8
78 77 55 089 188 148 123 164 90

<0001 | <0001 | <001 <001 | <005 | <<00” | <00k >00 <00

nsigmificant at the second work load The mechancal efficiencies were almost
the same as those found by Mussuorr et @l (1959) n athletes dunng simlar
conditions but somewhat higher than those observed by Astranp (1952) and
Houncrev (1956)

The lactate cancentrafton m artenal blood mcreased during exerase at the
hughest load to an average of 4 96 meq/l (range 3 8—6 5) 1n the supme and to
an average of 3 36 meq/l (range 1 8—1 6) 1n the situng position The difference
1n lactate concentrations duning work between the two body positions 15 signi
ficant (p < 0001) The values obtained 1n the sitting position are of the same
order s earhier reported 1n athletes at corresponding heart rates {HoruerEN
1926)

The artenial oxygen saturation was on the wverage 978 , (range 90—100} at
rest It decreased durng v ork at the first load t0 961 (range 94—99) both
1 the sitting and supine posiens and at the heavier load to 90 1 95 (range
91—98) n the sitting and to 8459 (range 92—97) m the supine position
The difference mn saturation between the two body positions was not ssgmficant
The decrease at the highest work load was probably sigmificant (p < 0 02)
and shghtly larger than observed in sumilar subjects at corresponding work
loads (Horsmerex 1926) but of the same order as expected from determina
tions of arterial oxygen tension during exhaustive work (Horyerew and Liv
DERHOLY 1928) In these earhier investigations the measurements were per
formed without simultaneous collection of expired air and consequently with
out respiratory vales

The oxygen saturation of mixed venous blood at rest as well as duning work was
lower in all cases 1n the sitting than in the supine position At rest at ay eraged
772 (range 74-—80) in the supinc and 66 8 9, (range 6°—73) 1 the sitting
position These salues are almost identical with those earlier observed i a
3633015 4t phy 1 d} 157
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Table Il The effect of body posiion and exercice on some cireulatory functions Aean talues of

PWG, 4 Oxygen uptake mlfmin Ogsat n m o ven.

kpm/oun (STPD) blood per cent

Before | Durmg [ Rest | Work |[Wok |Rest |Wok |Work

cath. | cath. 1 I I 1
Recumbent 1/0+ |1736 | 346 {1,689 |33r39) 777 | 471 | 314
Stung 100 |1761 | 3834 |1Prs3 |33868) 668 | 408 | 270
Difference 4 | -9 | -398 | 94 | -229] 10¢ 63 44
No. of cases 8 8 5 7 8 [ 8 s
Standard devia

tion 77 9l 341 730 | 1033] 35 29 17

Probabul ty 08| >04|>005] <00 >05]|<<0001]<0001| <0001

PCV; = rate of v ork at a heart rate of 170 heat fmm

basal conditions are of the same order as eatlier found in ordimary subjects
(BEVEGARD ef al 1960)

The heart rate during exercsse increased 1n the supine posttion to 115 beatsfmin
(range 100—124) on the first load 2nd to 160 beats/mn (range 149—170) o0
the second load The corresponding figures 1n the sitting position were 112
beats/mun (range 102—132) and 159 beats min (range 149—172) There was
no significant dufference 1n pulsc rate at the same load between the tho body

§ positions

The oxy en uptake at rest in the supine posiyon dunng the first determunation
was on the average 317 % (range 18—47) lugher than the predicted basal
salue (Harrss and Beneoier 1919) During the second determmnation at rest
m the supine position 1t 1 as 400 °/ (range 26—67) and at rest situng on the
bicycle 499 ¢ (range 37—66) higher than the predicted basal salue The
deviations from the predicted basal values are more marked thanin a stmilar
study of ordinary individuals (BevEGARD ef af 1960) The oxygen uptake during
basal cond prior to cath vas n the aserage 96 9o hvher than
the predicted normal value

The oxy,en uptate durin, exerase tncreased at 800 kpm/min to an average of
1664 ml (range 1758—2001) n the situng and } 769 ml (range 1650
1938) 1n the supine posttion At ) 600 kpm mun the salueswere 3 387 ml{rn €
3 150—3 666) and 3 364 ml (range 30°3—3601) in the situng and supint
positions respectnely The difference in oxygen uptake between workansitung
and supine position was probably significant (p < 002) at 800 kpm/msat but
snsignificant at the heavier load The mechanical efficsency at the first work
joad averaged 238 2, 1n the stung and 223 1n the supine position At the
second work load 1t was 244 9, and 246 respecusely The differcnce be
tween situng and supine posiion was probably sigmficant at the first but
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Table I Presswes mm Hg at rest and during exergise

Rest Work lead1 Work lorxd It
X [SD | n X [sp|a [X [sp]n
Rught ventrule
Systol ¢
Recumbent 244 25) 7 | 400) 38| 8 | 585] 47| B
Sitt ng o1l 270 7 [ 4141 46l 8 | 6oc] o0} 8
End duastol ¢
Recumbent 51 27| 7 59| 37] 8 ) 4c} 49) 3
Sung 40{ 18 7 68| 37 8 | cof 33| 8
Intaldast lc
Recurnb nt —~04) 24 7 | —14] 3t} & [—41] 35{ 8
Sting 1o} 16| 7| o8] 32{ & J—11] 24] 8
Plnnayatry
Systolic
Tecumbent 206] 16] 7 | 360) 47| 8 |470] 53] 8
S g 1) 350 7 ) 831} 64| 8 |4r3| 7.] 8
Datolc
Re mlent 76) 27 7 | 124| 44| 8 | a2¢f c1] 8
$ttng stt o1l 7| 1o} 40l 8 [l s1f 8
Mean
Recumb nt 136 20 7 | 218 1| 8 |2sc| s5] 8
Sting 130 17 7| 26] 44| 8 | 27| 48] 8
B achial a tery
systolic
Recumbent 1234 | 21y 7 [te24| 50| 8 20t 271 8
Setting 1319 249} 7 | 174o) 258] 8 Jang) 2at] 8
Dast lc
Recumbent 683) 71| 7| 75| scf 8 {sac]| 73] 8
St ng 213} 117) 7 ) o) so] 8 ju0)us] 8
\ean
Recumbent 852 80) 6 |10 6] 105)] & [145) 125) 8
Stng 07| 168| 6 |nso| uz{ & [nos| 7| 8

X = average, SD = standa d devation s = number of cases

senes of ordinary subjects (BevecArD ¢ al' 1960) Dunng exercisc at 800 kpm/
mum 1t decreased to 47 1 ¢, (range 43 ~54) 1n the supime and to 408 % (rnge
38—45) 1n the suting position At a load of 1600 kpm/min the values \\crrc
314 , (range 28—38) and 2709, (range 25—31) respectnely The

ferences between supine and situng posture are sigificant {Table 1) Ihe
oxygen saturation of mixed venous blood vanied tn relation to the pulse rz;‘:
approumately within the ringe found for ordinary subjects but was on th
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average somewhat lower duning exercise (BEVEGARD ef ol 1960 HorLMorE, of
al 1960 a)

The arteno vensus 0)gen difference at rest was on the average 38 5 ml/l (range
34—43) m the supme and 60 7 mlfl (range 51—68) in the rtung posittion At
1 600 kpm/mun the values were 1282 mll (ranve 123—134) and 138 4 mijl
(range 132—146) respectively As in ordinary subjects 1t 1 -as n all cases higher
1 the sitting than m the supme position (Fig 4) The differences between
sitting and supine position are sigmficant (Table II) In relation to pubse rate
1t vaned approumately wathmn the range found for ordinary subjects but was
on an average somey hat hygher vath the heavier work load both in the supime
and sitting posiions (Fig 9)

The cardac output at xest averaged 9 18 1fmun (range 8 3— 10 0) 1n the supine
and 661 Jjmin (range 5 7-8 3) mn the situng position At rest 1t showed the
same relation 10 oxygen uptake as i ordinary subjects (BevEGARD ef af 1960)
1 both body posiuions Duning exercise 1t increased parallel with the regres
son line between cardrac output and oxygen uptake calculated from our cacher
normal subjects (Fig 5) At 1 600 kpm/mimn the cardiac outputreached average
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Pressures mm Hg

21y s PA rev |p A
g 1%
< S
T "2 5 D De S M M S D htd
&t
73 12 200 —1 6 19 8 13 -_ 17?7 80 93
bl 90 2 2 5 18 9 13 -_ 13 87 100
156 134 43 [ 5 31 12 21 - 150 84 16
719 130 67 [ 6 40 12 23 —~{ 19 90 13
86 134 23 0 6 % 92 13 7 128 74 93
181 157 33 o 6 30 9 20 1n 181 71 e
267 152 57| —2 4 50 16 29 0] 207 93 136
- — 23 1 7 23 10 15 - 119 72 8
- —_ 21 2 5 15 8 12 - 141 8 97
— —_ 33 4 9 3 14 3 - 187 87 109
22 169 49 0 7 40 1 76 ~ 1 240 3 9
37 156 22 ) 6 bad 8 15 0 116 7 8t
168 160 40 1 8 40 18 30 22 143 66 had
269 1W0| 55 —4 30 1) 13} 32| 2] 6 s} us
w6] 73] 23f —1 31 16 6] Wi —] n3} | 8
- —_ 18| —1 2 18 9 1 - 107 3 —
162 158 43 [ 2 3 ] 19 - 160 .14 us
233 155 6] —2 5 45 9 24 - 182 8 n
14 193 28— 2 20 7 13 6 145 78 103
184 169 9] ~3 g 6 17 12 167 74 98
561 67| 67| ~10| —5) 40 7{ = ] 2190 8| 11
10.. 161 33 1 9 8 12 19 - 130 62 4
63 3l 2 2 4 of 10 M) - ) e} e} s
172 15¢] 40 5 9( 3o 15| ) —~] sm) 9|
0] 155 48 3 7l 3 14| 26) —~! 202{ sga) 1
83 1% 3] —1 5] 2 7] 15 12| i 7w o7
175 158 21 ~2 7 33 M 9 21 164 771 1t
246 158 61 —3 9 49 15 3 - 186 5 134
ns 14 3B —1 ? 2 0 1B 1 nz 66 50
215 173 4 —1 5 38 13 25 16 149 6 m
2717 169 S —4 b 57 10 29 16 179 g0 13
135 159 B -1 2 21 2 12 —~ 110 63 83
9 18 -3 3 3y 17 22 -~ 166 83 107
5 W 67 ] — 2 5 49 13 27 —1 114 77} 10
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Table IV (cont )
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g E3 g o S = =
g 0802 (4 (%5 3 5| €
© e g |5 |% z E] &
] g = g z sc| E% v
Sl EPE ls s |BEIEE] B o9
- = & & T
S|&)lz |& |8 |8F|38 ofa |2 ] 3|2
6| R est 62| 82| 33| —1 164) 98| 77| o8| ¥
s rest 61} 90) 31| —] 170f 97| 7] 13| 83
s 800 | 106f 361(18s8| 2¢] 189| 97| 38| 16[ 100
S | 1600 149) 7703205 25| 85| 97{ 27] 36| W
R rest 66| 93| 3n| —| w8| 9f 6| 16| 3
R 800 | 2| 306 [1751] 26| 174| 97) 4| 12| 00
R | 1600 155| 870 (3328 25| 185| 95| 30| 48] 17
7| R rest 57y 87| 33| —| 188] 98| 75| 14| 46
s rest 68| ue| 42¢| —| 90| 98| w3y 11] 8
s 800 | 120| 3292000 | 22| 197) 8t| 4| 11 10
S | 1600 61| 595)3506| 25| 2o 9! 2| 30[ 13
R rest 7| 97| 3m3{ —| 13| 100f 80| 19| 7
R 800 | 21| 357 )1863] o2a 197] 9] 4| 15| 108
R | 1600 | 160| 697 (349 | o4 208| 9| 30| 40 130
8| R est [ 76 3 —| 195 97 82| 16f 30
s rest 58| 124| 384 —| 196] 9 6 16| 68
s 800 103] 330)|1758] 25] 201} 9} 41} 18] 108
S [1600| 167 688 (3281 2 20 97| o7 30 134
R rest 66 93| 36 —[ 185 96| 79| 17| 3¢
R 800 | 19| M8 |1es0| 27| 191 | 9t| 51| 15[ 8
R ) 1600 | 16| 745{soes| 27| 206f 9| 3§ 43] 120

= ecumbent 8= tung B \=br chal nt rn PA = pulmonary art ry

values of 26 26 1/mn (range 24 6—27 7) 1n the supme and 24 50 1/mun (range
21 9—26 5) 1n the sitting position and these values fell around the extrapolated
regression lines for the ordinary subjects 1n both body postions The cardiac
output was always sigmificamly less in the sntung than in the supine position
both at rest and during exercise (Table H)

The stroke tolum  at rest duning the first determnation tn the supine position
was 119 ml (range 122—173) and duning the sccond determination was ETR
(range 13+—193) The difference 1 not sigmficant

On changing from supine to sitting posttion the stroke volume decreased by
an average of 43 m! a decrease of 29 ¢, This decrease 1s of the same absnlute
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Pressures, mm Hg
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R\ = nght mincl POV = pulmonary cap 1 rv venoms § = systol ¢ B = 1 uab<hastol
Demmmddast D=d tle M=meom

order s 1n o dinary sebjects (Beveedno et o/ 1960) The difference m strale
volume betw een the second determumation an the suptne posttion and the deter
mupaton i the sitting pontton was 38 mi or 27 °, of the value w supime poss
uore (Table 11y

In the supie position the stroke volume mncreased on transiton from vest
1o evereise by an average of 13 ml or 9  to an average of 163 m! Thiswcrease
33 sigmbieant (p < 0001} There was no further change w the stroke olume
at the heaver toad (Firg 6) The coeflicrent of varsation calculated from the dif’
feegnces in stroke volume between the two work loads was 74, 10 the supine
and 50 the svang posnon These values are of the same ordes as the
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stindard error of a single determination for the stroke volume duning work
calculated from duplicate determunations (Hotmeren and PErxow 1960)

In the siting position on transition from rest to exercise the stroke volume
ncreased by 49 ml ar 48 9, of the value at rest After this imtial increase the
stroke volume on the average remained constant at the heavier load but on
a shghtly lower level than dunng work 1n the supine posion (Fig 9) At the
first work Joad 1t was 14 ml and on the second 9 ml smaller n the sitting than
1 the supine posiion (Table II) The difference was probably sigmficant at
the second load The postural changes 1n stroke volume were of the same b
solute order as m ordmary men (BEVEGARD ef al 1960)

The strohe volume at rest in the supine position averaged 2 01 9, of the blood
volume the same as found 1n ordinary subjects (BEVEGARD ¢ af 1960 Hoty
GREN ¢t gl 1960 a) The stroke volume 1n supine position divided by the blood
volume was within the normal varation for ordinary young men both at vest
and during work (Fig 6}

Intracardiac and intravascular pressures
The mean values and standard deviations are presented i Table 111 and the

ndividual values 1n Table IV In the supine posttion the svstolic pressure in
the brachial artery ro ¢ from an average of 123 mm Hg at rest to 211 mm Hg
at 1600 kpm/mn In the sitting postthion the corresponding values were 132
and 202 mm Hg From 86 observations mn ordinary subjects (HoLmore o al
1960 2 BeVEGARD et al 1960) the mean pressure in the brachial artery an rela

10n to the cardiac index was found to follow the regression line shown 1n g7
In the present group of athletes the mean pressure in the brachial artery 1p-
peared to tollow the same regression line in most cases At the Tighest load

however case no 1 4 and 7 had a ligher mean pressure in the brachnl artery
than expected from this regression line 1 ¢ they had a ligher resistance in the
systemic circulation As a consequence of the larger stroke volumes the pulse
amplitude 1 the brachial artery during exercise was considerably Irger 10
the athletes than 1 the ordimary sndividuals (Fig 8) The pulmonary artersal
wedge pressure was measured only i the supine position It increased from 10
average of 9 ¢ mm Mg (range 6—12) at rest to 159 {range 9—22) and 170
mm Hg (range 11—25) at the first and second work loads respectively This
1nerease 1s more marked than in the ordinary subjects (Fig 8) The pressure
1n the pulmonary artery at rest was within the same range as 1n ordsnry sub-
jects Duning excreise the mean pressure 1 the pulmoniry artery was Ingher
1n the athletes in proportion to the ligher pulmonary arterial wedge pressure

The pressure gradient over the pulmonary vascular bed 1n relation to cardiac
ndex followed apy ly the same Iine s found for ordmal?

subyects (Fig 7) In case no 3 however the decrease tn pulmonary vascu! h:
resistance during exercise was morc marked The systolie pressure in the nig
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1eutncle vatied withmn the same range as 1 the ordinary subjects a1 yest and
during work of correspondhng miensity In the supme postion it ancreased
from 24 mm Hg at rest to 58 mm Hg at a work load of 1 600 kpm/mun In the
sittng posiion the values were 22 and 61 mm Hg Tespectavely As often seen
in normat subjects a pressure gradient was vecorded over the pulmonary vahe
dunng exercise 23 a result of the fugh selonty of flev (Jonssow 1357} At rest
n the supine posiion the end diastobe pressure of the right ventnele was
equal 1 the athletes and i the ordinary subjects At rest an the sittwig posy

non 1 was higher w the athletes than i the nonathletes The dufference 1
probably sigadficant (p < 002) It did not decrease during exercise as found
earher mn ordinary subjects (BevecArp et al 1960) Iu the suung position 1t
1nereased shghtly Duning work 1t was ugher in the athletes than 1 the ordmary
subjeets both 1n the nttng and supine p The diffe are

{p < 001) i1n the sttng and probably sgmficant {p < 003) v the supine
positton

Dhiscoasston

Correlations between sze and function of the cardwovascular system m sub-
jeats adapred to severe physical work have been studied by several authors
(AsTranp 1902 SjostRaxp 19332 Howvorew 1936 Remoern e ol 1857
Rosnamst e al 1961) Achletes have a Jarge total amount of hemoglolin 2
large blood volume n relation to body weight and a Jarge heart volume pro-
portonal to the Jarge total amount of hemoglobm {hjetivere Ruvus and
Spostrawp 1949 Syostraxd 1953 b 1955 Howvorew 1858) The ogpgen
transpatt capacity expsessed as the maximum oxygen uptake (¢ Astravo
1992} maximum exygen pulse (o Rosearsc ef al 1961} or the rate of work
performed at a heart rate of 170 beatsjmun (PWC, ) {Sjosrrano 1847 Wan
1o 1948) 15 greater than w nonathletes The degree of anacrobic wark ex
pressed as the lactate concentvation mn artersal blood s lower than m non
athletes duning exercase with the same heart rate {Howyore 1936 Horverew
and Steov 1928) The present senes has alf these orenlatory critena of well
traeed athletes
The methads used 1 this study including the d of cath may
alter the arculstion Judging by the influcnce on heart rate and ovygen up
take this occurred to some extent Thus the heart rate was 17, and the oxygen
uptahe 22 ¢, hagher than during basal condittons prior to heart cathetenza
uon The mBuence on the oxygen uptake was shghtly more marked than i
eachier semies of normeal subyeets during sdentical conditions {Hovueren o af
1960 a Bevechwp ef @l 1960) Dunng exercise the mfluence on the heart rate
was neghgible which means that the PWC  was approtimately the same as
before heart catheterization The procedure was such that tua consecutive
work 15t wese performed separated by a restng period of 3045 wun
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recumbency Thus the first work test may have influenced the second one Be-
fore the second exercise started however restitution of pulse rate oxygen con
sumption and cardiac output had occurred Also duning heart catheterizaton
the PWCyy, was on the aserage equal at the two determnations

Incasesno 2 7and 8 the arterial oxygen saturation decreased slightly during
exercise at the ughest work load in both sitting and supine posttions This
decrease appeared to be caused by hypoventlation which might have been
nduced by the breathing valse {(¢f Houmcren and LinpErnorm 1958) although
1ts resistance was very low The lactate concentration 1n artenal blood 1n these
cases was not different from that observed 1n the other athletes nor were there
any sigmificant differences in pressures resistance n the systemic and pul
monary crculation or mechanical efficiency It was therefore thought yustified
to treat these cases together with the other athletes

Adaptation of the circulatory system to heavy aerobic exercise mmplies an
increase of the oxygen transport capacity This can occur through an increase
of stroke volume peripheral oxygen utilization (A V oxygen difference) or
both of these factors Mussiorr et al (1959) compared athletes and ordwnary
subjects studied 1n the supme position They found the A V oxygen difference
to be larger 1n athletes The average difference between the two groups was 10
ml per hter blood at rest and duning shght work 1f values at corresponding
pulse rates are compared The difference was larger during heavy work amoun
ting to 30 ml per hter blood at a pulse rate close to 170 beats/min Dunng work
the stroke volume was 15—30 ml! larger in the athletic group At rest however
1t was the same 1 the two groups With a lower pulse rate at rest the athletes
had a cardiac output one hter per mun lower wath an oxygen uptake stightly
higher than the ordinary indmiduals The stroke volume increased dunng
exeratse i both groups but to a greater extent i the athletes Thus according
to Mussorr et af (1929) Loth a larger stroke volume and higher oxygen
utihzation explained the hugh oxygen transport capaaty of therr athletes

The mamn difference between our athlctes and the nomathletes carher studied
(BEVEGARD et al 1960 Hotmoren ef al 1960 a) 15 the size of the stroke volume
The higher oxygen transport capacity m the athletes can be explamed bya
larger strohe volume The \ 'V ovygen difference 1s only shightly hugher (about
10 ml per iter blood) 1n relation to heart rate They did not mncreasc the stroke
volume during exercise in the supine position to the extent described by Muss-
3oFF ¢l al (1959) On t from rest to mod worh 1t inereased by

95 and then remamed constant dunng work of higher mtensity 3 ith an
average pulse rate of 160 beats;min (Fig 9) This vanaton of the strohe volume
1n the supine position 1s of the same relative order as n our ordinary mdmdunl;
and 1n agreement with what FREEDMAN ¢t af {1935) reported They drscﬂbﬂ'
threc athletes whose strohe volume during work wath a pulse rate of 141 beavs
cas 13 above the resung value The increase 1n cardac output 1s €%

min w
£ICISC INCTEAses 1S therefore mainly 1 result of an increse 1n pulse rate Tins s
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1n agreement with the results reported by Wanc et of (1960 ¢) whoimvestigated
three athletes

The cardiac output and the oxygen uptake at rest 1 ere larger in the athletes
than n nonathletes {Fig 5) The relationship between cardiac output and
ovygen uptake at rest v as about the same in both groups ¢ ¢ the A V oxygen
difference was about equal Dunng work of moderate intensity the cardiac
output for a gien oxygen uptake was somewhat farger in the athletes but
during heavy 1 orh 1t was the same as expected from the regression hne for
ordinary sulyects The deviation from this regresston line at rest and at the
first work load may be due to the fact that the athletes had a larger oxygen
uptake at rest duning cath {when d to the predicted basal
value) than the nonathletes The effect of body posttion on the cardiac output
and stroke volume (Fig 5 6 and 9) v as of the same absolute order as 1n ordmary
subjects In relation to the larger stroke +olume and blood volume the absolute
decrease 1n stroke volume on transition from supine to siting position was less

tmportant m the athletes This may explain the less marked orthostatic pulse
Teaction 1n the athletes
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Fig 10 Suohe volume (SV) dur ng workins pn_po ton (mean values fboth determ na
tions)int [ t nto orkntens ty at a pulse rate of 170 beats/mm (PWC ) during | eart cathes
terizat on 1n supin pos tion Thelneand cate th regress on calculated f om earler n estga
t ons (Houmgrew e2al 1960 a BevEGARD efal 1960) Thin broken I nes rep esent o on_sta d
ardgcsrmr of estimate Regres on equaton SV =491 -4 00716 PCW r =088 S D =
#95n=

Fg 11 Stroke volum (SV) durng work n sup ne poston (mean val es of both determ na
tons) mrefaton o h t volume (HV) Symbols as in Fg 10 Regression equat on SV =
2594+ 0UIHY r=083 8D = 111l n=27

~

ercisc 1 the situng posttion caused an increase of the stroke volume s
su widmary indrviduals: The mechanism seems to be 1 redstribution of blood
from the lower part of the body to the central veins with subsequent increasc
of ventricular filling (BovegARDp ef af 1960) Dunng continued work of higher
mtensty the stroke volume remained constant however and was about 10
m! smaller than 10 the supine posttion This difference 1n stroke volume be
tween the tho body posiions 1s compensated for by a lugher A V oxygen dif’
ference 1 the situng position so that the oxygen transport per pulse beat is
equal Therefore the PWC, , was independent of the body posttion

In normal subjects close correlations have been found between the size nd
funcuon of the cardiovascular system (HOLMGREN ef al 1960 a) Tius 13 cor
roborated by the present results as the difference 1n oxygen trnsport caparity
between the ordinary subjects and the athletes 15 mainly due to the size of the
stroke volume The relationship between the stroke volume and the ph)!lﬂ‘l
working capacity at ¢ pulse rate of 170 beats/min follows appr ly the
same regression 10 both groups (Mg 10) The shghtly higher physical working
capeity tn the athletes than predicted from the regresston found for ordinary
subjects corresponds to a shightly larger 1rteno-venous oxygen difference 10
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the athletes at a heart rate close to 170 beats/mun (Fig 9) In relauon to the
heart volume the stroke volume sn the athletes 15 somewhat larger than ex

pected from the regresston obtaned 1n ordinary subjects (Fig 11) A Jarge
cardiovascular system 1s a prereq for the high fi 1 capacity n ath

letes Our group of athletes had a higher working capacity than expected from
their stroke volume and a somewhat larger stroke volume than 1 ould be ex

pected from the size of the heart These deviations might be due to the fact
that these athletes v ere a selected group of the best among competition ey clists

They show a more effiient adaptation to muscular work than other subjects
wath the same circulatory dimensions Horscren et al (1960 b) have shown
that after short term intensive trammng ordinary subjects increase the func

tional capaaty of the arculation more than they increase therr heart yolume
and blood volume

Dunng heavy exercise vath a heart rate close to 160 beatsfmun the intracar
diac and intravascular pressures are considerably higher 1n the athletes than
1n the ordinary subjects (Fig 8) In relation to the cardiac output howerer
the pressure levels were of the same order except for the ventnicular filing
pressures which were higher 1 the athletes Concerning work 1ntensity oxygen
uptake and cardsac output the first work load performed by the athletes cor
responded approamately to the sccond load performed by the ordinary sub~
jects There was no difference in the vascular resistances of the pulmonary and
systemuc arculations in the two groups (Fiy 7)

The hagh pulmonary artenial wedge pressure dunng heavy exerase sn ath
letes 15 probably a result of a large central blood volume Thus may represent
a hugher potential energy which may help in the mamtenance of a large stroke
volume with a short effective filling time at high heart rates (SjosTraxp 1903 a)

In the athletes there was a less marked decrease of night ventneular fillmg
pressure after change of body position from supme to siting This correspends
to a relatively smaller change 1n stroke volume If the imnal-drastolic pressure
1n the nght ventncle 1s assumed to be a measure of the intrathoracic pressure
the difference bets cen end-d lic and 1-d P should rep-
resent the effecuve filing pressure As it i difficult to determne these pres
sures duning heavy exereise the figures are only approumatne (Table I11)
The values obtained umply that the effective filhng pressure 1s lower 1n the sit
ung than m the supine position at rest Ths increases dunng work more 1n
the sitting than 1n the supin posstion Thus the stroke volume varies wath the
filhag pressure mdicaung that Starhing s lyw may operate durning the crcum
stances studied here In the supine posiion however there are usually optimal
filling conditions for the ventricles and a further rise in filing pressurc vall gne

a less marked increase of the stroke volume as noted by Ruster, Syrm and
Frannui (1959)

s
mt

pported by geants from Rarchmska mst tutet and Ruls drotsf™ bundets polikhmikkom
¢
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It 1s now well established that Vitamun D enhances mtestnal absorption
of calaum Yet as pomnted out by Nevvax and Nevstan (1958 p 156) the
clevation of serum calcium ation seen 1n hyper D and us
depression :n Vitamin D deficiency when accompanied by hypoparathyroxdism
cannot be explained on this basis alone Rather some alterauon n the dis
tnbution of calcium between bone and the arculating flnds must oceur as
a result of the action of this vitamin

This coneept has recemved indirect experimental support from several
laboratonies  Carissov (1952 1954) demonstrated that Vitamin D raised
serum calcium concentrations in the rat even on a diet practically devord of
calaum By manipulating the calcium content of a low calcium rachitogenc
dict NicoravseN and FEG Larsen (1956) showed that Vitamin D treated
rats exhibited higher serum calrium levels than did Vitamm D deficient
rats despite the fact that the deficient ammals absorbed more calesum from
the mtestine than the Vitamin D treated arumals From these results 1t was
inferred that the increased amounts of calerum in the serum of the Vitamin
D treated ammals could come only from the skeleton In addiion Linpouist
{1952) found that the admimstration of Vitammin D did not increase the speafic
actnaty of the serum calaum despite an incresse n the amount of radio-
calaum entering the blood from the mtestine suggesting that Vitamun D

~simultaneously increased the amounts of non radioactive calaium entering the
d stream from the bones
VIn the study reported below samples of bone were incubated 1 watro unul 2
~#steady state equilibnum for calaum and phosphorus betw cen the bone mineral
and the incubaung flud was reached thus at the end of the incubauon simu
lating the situation 1 tno (ScHarTUM and Neenors 1961) The concentrations
of these 10ns that bones from animals pre treated with Vitamin D were able
10 n their sur ding flurds were sig; ly higher than controls
demonstrating durectly that Vitamun D has an cffect on the skeleton This
effect together wath some aspects of the possible underlying mechanism and
the interrelauonship between the function of Vitamun D and paradx)’mld
hormone are discussed below

Methods

Pre treatment of the ammals
Male white Swiss mice from the age of 4 weeks were fed Rachitogenic Dict Mo 2
U S P (\utritional Biochem cals Corporation) conststing of

Ground Gluten 20
Ground Whole Yellow Mauze 76
Calaium carbonate 3,
Sodium chlonde 1

Since this d et 13 very poor in phosphorus as well as lacking Vitamn D 4 Natf,POu

was added Having been on this diet for 3~+ weeks {dunng which the ammals appeas
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healthy) some of the amimals 1 ere mjected subcutaneously 1 1th a single dose Vitarmn
D' 3 days prior to sacnfice In some expenments the dose was 8000 U m others
90U When parathyro d hormone was grven the animals were myected subcutaneously
with 10U (Ingection Parathyroid U § P 100U § P umts per ml) daily for 3 succesuve
days the last dose being gwven 18 hours prior to sacnifice. At this age the ammals wesghed
3010 g For each expenment bones from expenmental mice were mcubated and
compared with Vatamun D deficient cont ols from the same litter
Prepa ation f trs ¢ samples

The ammals were killed by cervical fracture and decap tated immediat ly In some
expenments blood was collected for serum analysis following decaprtaton The calvaria
were removed and the bones freed from tendinous and muscular attachmenss by
dussection and adhe ent blood and clots s ere remo od by washing the samples m
1ce cold hrebs-Ringer b carbonate medmum Al bones w re kept in fresh media stored
on 1ce unul the start of the mncubat on After gentle blottng two calvana s ere pooled
(about 100 mg total 1 e ght) we ghed and placed 1n the incubating flask

Heat snacts at n

When bone samples were killed by heat ng the procedure was as follows Samples
of ghucose free meduum w ¢ heated to boiling  emoved from the gas flame and the
bone samples quickly added and kept m the hot media for 1 1/2 mn They were then
transferr d to f eshly p epared media for mcubation In a previous commumcation
(Sosartvy and NicHous 1961) evid nce  as grven that this heating procedure does
not s gmificantly ch nge mmeral olubility or rates of calcum and phosphorus dif
fusion
Incub tio

‘The samples v ere incubated for 6 hours n a Dubnoff metabolic mncubator at 37 8
C 1 2 ml of mod fied krebs-Ringer med:  buffered to pH 7 4 with HCOy~ and 5
s €O, Penicilhn at a final concentration of 5 U per ml and Streptomycin 001 mg
pe ml we ¢ added to present bacterial growth Glucose  as used as substrate at a

oncentrat on of 2 mg per ml Durnng the wcubation 2 continuous stream of 8> /
Oy with 5 CO was fed nto the hood o ering the flasks whi h were left i the
mcubator  1thout stoppers All media were also equibbr ted for 10 mn with the
gas muxture b fo ¢ being pl ced m the flasks In such a syste n at the end of 6 hours
1ncubat on the calcum and phospborus cone ntrations measured in the media can be
cons de ed tobe n a steady state equilibr um with the bone mrneral and thus simulate
th sttuation t ¢ o as has been d scussed elsewhere (ScHARTUM and NicHoLs 1961
Crienn fhne cll orbliay

Prev ous expenenc ind cated that bone samples ncubated under the present con
ditions ar v able after 16 hours incubation. On th other hand cellular mefabolsm
© ases completely o bon samples heated as described

A Iytwal te hn ques

Abquots of the media were analyzed fo calcum by the EDTA<alcum chelaung
method wiih murccide a3 n ind cator (Messos @/ 1955) for phosphorus by the
m thod of Fiske and Stemarow (1975) and for lactate by a modific tion of BARKER
and Stanerson s techn que (1941)

V De 3 Hydros | Wander

Th mdia contumed n caloum Ph sphorss was present at a oncentration of 0 40
mm L1
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Table I Pre treatment with 8 000 U vitamin I Fresk bone

Ca cone, Pcoc Ca x P con¢. | Lact. conc

\itamuin D deficient

Mean 100 100 100 100

o 10 10 10 7

sD 23 26 20 76
Vatam n D rreated

Mean 13 m 126 1

~ 9 9 9

s.D 93 165 240 122
P <0001 NS <00l <001

The follow ng symbol are used 1 th  nl subsequent tables
Afean values expressed as per ntof alu [+ tamn D defic te t ls
o of determunat ont.
Stand rd dewiat n
Not  omifeant.

Calrulatio
Th rewasa tendeney for minor shufis to occur 1 the absolute concentrat ons of ealeium
and phosphorus from one day to another while the relative differences between x
nepmental samples and controls remained quite constant Therefore all values have
calculated as per ¢ nt of controls for each expeniment Bessel s carrection for
sthall samples was us d w calculat ng standard deviatons The sigmificance of the
difference between means was estimated using Student s t test

Resclts

T Pre treatment uith 8000 U Vitamun D Fresh bone

In prehmnary expenments tn which the animals were injected yath £00
U V‘atamin D daily for 3 davs prior to sacnifice no significant ncrease in
medum calcium concentrations 1 as observed  Therefore o subsequent e
penments a higher dose was gnen When 8000 U was injected (no anter
mediate dosage level was tried) as a single dose 3 days prior to sacnfice the
concentrations of calcum the caleum  phosphorus product and lactate 1
the media were significantly increased see Table I Fhosphorus concentrations
rosc also but this difference + as not sigrficant

In contrast to these cffects «bserved afier m o1 o vitamun admunitration
Vitamin D added in titro 1 final ¢ ncentranons of 6000 10 20 o U per
ml of medium + as without effect on medium calcium concentration

Y Pre treatmert wuth 20 L Vitamn D and with pavathyrord hormons Tresh bre

Tt might be objected that 8000 L ¢f Vitamun D 1s a tremendous d ne
in 2 mouse producing pharmacological < toxic  effects rather than
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Tabl I Preteotment w th 20 U vt mn D and w th paratlyr id hormone  Fresh bone

Ca cone P cone Ca o P cone.

VumnDd§ t(PTE weated)

NMon 190 190 108

Ne 9 10 9

5D 40 49 67
VimoDr 14 (PTEL atd)

M on 108 108 170

o 10 10 10

5D 44 42 63
P <0001 <00l <000t

physiological ones Hov ever since a much smaller dose produced no
significant effects m prehmmimary expersments special experimental condstions
were designed 1n an attempt to demonstrate the effect using a dose of 20 U

which could he dered n the physiological range
The normal concentration of serum calcium and low serum phosphorus
usually observed 1n human rickets and ost, 1 has been d to

parathyrod hyperactvmty brought on by the feedback mechamsms for control
of calcium 1on concentration postulated bv McLEAN 1928 — 2 concept which
15 supported by the finding of parathyroid enlargement (Fourwan 1960 p
132) In the present experuments Vitamun D deficient muce exhibited normal
seram caleum concentrations {m contrast to the hypocalcemia often found

n young rachitic rats) that the parath ds were fi
notmally Since m previous expennments (ScearTuyM and Macmors 1961)
with parath d extract mcreased the dy-state caleium con

d m the \ redia the p Lty exsted that
hyperparathyroidism secondary to Vitamin D deficiency was present 1n the
experimental D deficient mice which masked the effects of physiological doses
of the vitamun on medum calcium concentratton

In order to climnate the effect of possible secondary hyperparathyroidism

parathyrord hormone (PTE) was gm:n to bath gmups In our experience
the dase used prod a d;

and 1 was fel
that any hypcracuv:ty of lhc glands \\ould then cease completely Under

these arcumstances the hormone effect would be equal i both groups and
Wwe eechne effect of the wiatn ould then De studied The results are
presented m Table II As can be seen 20 U of the vitamm resulted 1 a
sigmficant 1ncrease 1n calerum  phosphorus and the calaum « phosphorus

concentravon products in the media Lactate production was not determined
n these cxperiments
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Table [1 Pre trealment with 8 000 U witamin D and no parathyrord hormone
Heat 1mactiated bones

Ca conc, P conc, CaxPeorc

Vitamin D defiaient

NMean 100 100 100

No 8 8 8

sp 39 36 45
Vytamun D treated

Mean 110 12 124

o 8 8 8

S D 59 96 129
P <001 <001 <0001

111 Pre treatment uath 8000 U Vutamn D and no parathyrord hormone Heat in
activated bone

In a previous communication 3t was shown (ScuarTust and Nicrios 1961}
that the calaum and caloum ~ phosphorus concentration products that
surviving bone samples were able to mamntan i ther surrounding media
were higher than those mamtamed by bone samples i which cellular actuty
had been destroyed by heat However although bones from ammals pre
treated with PTE mawmntained higher calaum ~ phosphorus concentration
products than controls this cflect was also scen when heat mactnated bone
samples were used From these experzments 1t was concluded that parathy roid
hormone increases the passive solubility of bone mineral In the present work
therefore 1t was appropriate to myestigate whether this phenomenon could
also be demonstrated for the vitamin Bone from Vitamin D treatcd ammals
was heated and mcubated together with heated controls As ean be seen from
Table I hones from sitamun treated anmals mastained simficantly hugher
concentrations of caloum phosphorus and caleum ¥ phosphorus products
than controls Thus 1t would appear that the sitamn like the hormone 12
creases the passive solubihity of bone mineral

I\ Pre treatment with parathyrord horm ne and no §uammn D resh bone

1t has been shown {HARrison Harrisow and Park 1958) that pamm)mld
hormone 13 ineffective 10 rats deprived of V tamin D Tlns may explain why I
deficsent rats usually exhibit low serum calcium and normal serum phosphonts
lesels sndicating a lack of effectine compensatory hyperparathyroidism Hov
ever the usual findings of normal serum calcum and Jow serum phosphorus
Iex els 1in human osteomalacia and rickets suggest that in man adequate lmm\‘?";
funcuon 15 independent of the presence of the vitamin The results presente
inTable 1V and \ clessly show thatin D deficient mice parathyrord hrfm’!":
agmficantly clevates serum calewm levels and calaum phosphorus an
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Table I Pretrectment b parathyrord horm 0. and no ¥ tart n D Fresk bont

Ca ooc P conc. Ga X P conc

Vtamm D d ficent

Mean 100 100 10

N 4 4 4

8D 45 -5 B
YVarun D defiaent (PTE treated)

\Mean w 110 13

o 3 4 4

5D 38 50 7
» <002 <0 <001

Table § Effects on serum Ca concentrations of treatment itk px athyr 1 hormons
& ¢ tamin D defic emcy

Ca Ca
{mMolfT} (mM ¥y

C trols PTEreated

1 1 381

2 2 3.6

3 3 33

4 4 330
Mean \ean 358
8D sD 0.t

Th difference ben eon th means 5 gruficant at better than the 99 confidence Jevel

laum ¥ phosph prod n the medma as \ ell Thus 1
' ould appear that 1o mice hormone function 1s independent of the presence
of the vitamin ! Therefore the general conclusion dravn by Hagrso~ and
Hargiso¥ {1960 p 302) that Vitammn D 1s requred for the action of the

parathyroid hormone should be restricted to the rat the expenimental ammal
used

Discussion
Since tn the experniments reported here the media mmnally contamned no
calcum 2ll calaium measured 10 the media at the end of the incubation was
released from the bone samples Bones from anumals pre-treated wath the
vitanun released sigmficantly more caleium than controls This may be taken
as direct evidence of a calaum mobilizing effect on the skeleton of the vitamin
Since this wock was fiched we ha  been mformed [ the lemenstrauon fa the adult
rat of an increase 1 th serum caleram ¢o centration wp to and beyond the porcal range
fier admunutrat on of moderat doses of d extract to d rats

which had been fod  atamus Dfree diet fo 8 montbs. (Toverud S L personal commun:
Taton)
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The mechamsm for the vitamm effect 15 not clear Howesver 1t may be
wseful to compare the results obtamed for lving and dead bones As can be
seen from Table T and III the mcrease 1n the concentranons of calesum
phosphorus and caleium » phosphorus product was about the same 1n these
s o types of experuments From this observation the conclusion can be drawn
that Vitaroin D increases the calaum > phosphorus product conc
at least parth by increasing the passie solubility of the mineral In this respect
the effect 1s simiar to that of parathyrord hormone

Another promunent feature of the action of parathyroid horrore upon
bone cellular metabohsm 15 an enhancement of acrobic lactate producnon
“This has been shown consistently in this laboratory (Borie “icmors and
MNicziors 1960 Semartus and N\icwors 1961 'V aEs and \icsors 1962) wnd
has been confirmed by others (Newstan and Dowse 1961 Rasz At and
Teppesaean 1961) The darz in Table I mdicate that i tus respect also
the action of Vitamun D resembles that of parathyrod hormone The amount
of lactate produced was 21 hugher mn the vitamun treated group but the per
cent increase mught have been higher had rot secondary hyperparathvroidism
been present in the vitarun defient group It 1s of wnterest to note that the
enhanced lactate production by bones from anumals pre weated vath the
vitamn 15 oppostte to what mmght have been predicted on the basis of Neu
man s compiled data from studies on cartilage From these he suggests that
lactate {and pvrinate) produced by bone cells should accumulate ur Vitamin
D deficiency and the production of amrate should be reduced {Mersan 1958
p 162) Comerely Viamin D should favor atrate formaten from lactate
and pynnate The present results do mot support this view In addition
although 1t 15 v ¢ll established that Vitamn D increases atrate concentrations
n bone and serum Hawwi o~ ef of {1938) found that there was no necessary
correlation of Vitamm D effect on calcium metabohsm and cirate lesels

The rationale for usin, the medium caleum and phosphorus steady state
concentranons 1 expeniments vath heat inact ated bone o estmate the
passe (thermodynamucy solubthts of the bone mmeral has been discussed
at len,th (ScxarTUy and NicHots 1961; Similarly the possible relationship
of the 1ncreased rate of lactate production to the changes 1n mineral solubnlity
and the higher levels of calcium and phosphorus found m the mcubation
media surrounding bone from ammals treated vath parathyraid hormane has
been reviewed extensively i recent publications from this and other labo-
ratories (BorLE ¢£ al 1960 \Ewan and Dowse 1961 Scragriat and \icrors
1561 Rasz ¢t al 1961 \aks and Nicrows 1962) Therefore a rehearssl of
these arguments © ould contnibute lutle to this communication Rather 1t
seems ymportant to re-emphast e that on the basis of the expenuments outhined
above Vitamn D appears to modify the metaboltsm of bone fragments
w70 and that these effects are very simalar to those obsened follos mg weat
ment vath parathyroid hormone Indeed 1t seems likely (cf Table II and
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From the Laboratory of Climeal Phvsiolosy Thoracic Chnies, harolnska Spkbuset
Stockholm, Sweden

The Effect of Cardioacceleration
by Methylscopolamine Nitrate on the Circulation
at Rest and During Exerase 1in Supine Position,
with Special Reference to the Stroke Volume?
Bv

Strre BeveGarD
Recerved 15 Juse 1967

Abstract

Bevecswn § Tkt fect of ardisace wration by methylscopolarnremirate
o the areulnon @@ et and dun exercise ;o supine posthion wth
specsal seferene & the wfuence n the  iroke rolove  Acta physiol
scand 1963 5, 61—80 — In 9 healthy adult males the ork
mtenuty at pulse rate 170 (PWWGC,,) was determuned before
and after . m. mjection of 0 75 mg methy lscopolamnenutrate (ASX)
The PV (, decreased 14 after MS\ In 15 patients with normal
arculanon th effect of MSN was studied w th heart eatheterization
at rest and durmg work at two progresssy  loads 1 the supine
poution At rest the heart rate increased 66 the stroke olume
decreased 34+ and the cardiac output was unchanged The en
tricular fling pressures decreased. Dumnng work, performed after
MSN  entncular filing pressures and strole olume ncreased
progress ely At the hughest work load the strok  olume -as only
12 lover than beforc MS\ Owxygen uptak carhiac output,
central blood olum and -ascular resstances m the systermc
and pulmonary arculatons were unchanged after MSN  both at
vest and durmg work. After MS\ th beart olume, d termined
m the prone positon tended to decresse. The dmuan of the

mechameal diastole as from the p was
sigwhicantly shorter after MS\ both at rest and dunng exerase.
The Iuadates the hip between the sze of

the stroke -ohume and th eapacity for work at a grven pulse rate
and also between the mze of the stroke -olume znd ventncular
filling pressure

Prelumunary results weee reported at the aznual meeting of th Sweduk Nedeal Socery
19 3 and 190 P
*



61 STURE BEVEGiRD

20—

hid 1T
"
"
o
o
3 Fig 1 Pulsc rate at rest ia the upn  nl
stand ng posu ons and dunng e cise m th
suting po uon before ( reles and full line)
» and after MSN (1 angles and b oken lne)
Mean sal es obtaired from 9 h althy msle
L subjest  Av rage ag =26 yers {ang
Gl 35)

Supive Standrg 30 % C3

artery The blood from the sampling site passed through a euette densitometer (XC-
100 A Vaters Co ) at a speed kept constant at about 20 mlfmin by the aid of 2 motor
do en synnge The concentration t me curves and a signal for the dye imject on were
recorded on a Speedomax recorder The cardiac outputs and central blood volumes

\ d ding to the Stewart H. {Stewart 1897 Hastt

A ere
TON ot al 1932)

Results

The effect of VISA on the pulse rate at rest and durn, exerase

‘The pulse rate at rest 1 supine position wncreased by 77 9, from an average
of 60 beatsfmun to I0b beatsimimn after injection of MSN After 8 munutes
standing the pulse rate was on an average 83 beatsjmn before and 134 heats/
min after MSN corresponding to an increase from the values 1n supue posture
of 38 ©, and 26 °}, respectively There was no sigruficant difference concerming
the mcrease m pulse rate from supme to standing position before and after
NS\ Also dunng exercise the pulse rate was higher after MSN but the
3 di d dually with waork load (Fig 1) The rate
of work performed at a pulse tate of 170 beaty/min (EWC,y,) was on the
average 1069 kpm/fmn before and 914 kpmjmun after MSN corresponding
to a decrease of the PWC,,, by 14 9, from the control value This decreast
15 sgmficant (p < 001) There was an app ly lmear rel h
petween pulse rate and work load both before and after MSN and 1t appears
from Fig 1 that the two lines tend to converge at a pulse rate of 190 beatsfmin
which 1s near the expected level of the maxumal pulse rate for this age grovp
(Ropmson 1938 AstrAND 1922)
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Table I Some anthropom t w data of 15 patuents with normat card ac function

Csen | Sex Age H ght | W ght]BS A | Hert [Total | Bl od | Work
y ™ |em kg m v lum | hemo- | olume] inten

ml gl bm |1 L4
4 kpm[

mn
Al 8 31 183 666 189 80 701 49 380
A 2 S 14 165 433 153 600 570 41 700
A3 4 28 183 90.2 213 1140 1004 63 1630
B 4 Q 0 16> 73 10 530 673 53 560
B 5 9 18 157 563 160 560 556 37 710
B G ° 39 177 5 190 — 197 59 730
B 71| @ 14 155 586 [ 156 560 457 33 630
B B o 16 171 619 174 570 797 33 »o
B 9 2 33 167 670 175 640 49 40 720
B 10 ? 23 166 n3 180 610 608 49 720
cn o 21 173 7035 185 85 715 48 700
C 12 o 15 174 513 17 630 568 51 900
C 13 ? 25 167 6i9 170 580 442 43 600
c 14 é 19 177 784 19 830 919 60 1 50
C 15 4 4l 168 533 161 760 627 52 800

Atapuls t of170b tsfmin i tung post
N tin ste dy state

The effect of MS\ on the central arculation

Data of the subjects mzesty ated usth heart cathetenization (Table 1) The hemo-
globin concentration which on the average amounted to 141 g per 100 m]
blood (range 12 5--16 1) for the male subjects and 125 g per 100 ml blood
(range 106--133) for the female subjects was witlun normal range 1 all
cases except for C 13 here 1t was shghtly low

The heart volume 1 relation to the total hemoglobin (THb) was within
two standard deviations from the normal regression line (HoiMorew of af
1957) 1n all cases except for B 8 where 1t was smaller In case B 6 no value
for the heart volume was obtaned The physical working capaoity at a pulse
rate of 170 beats/mun (PWC ) 1 relation to the THb v as wathin two standard
deviations from the normal regression Line (Howsgren e qf 1927} in all
<cases except for B 4 and B 6 where 1t was sightly Jower In relation to the
heart volume the PWC , was also wathin thus range 1n all cases except for
C Il where 1t was slightly Iower

Data obtamned dunn, heart catheters ation (Table IT)
The pulse rate at rest before M8\ and duning the first determnation was
81 beatsfmin (range 60—114) This was on the average 36 , Hhgher than

dunng basal conditions prior to heart cathetenizanon In 6 cases a second
5—633015 At phy ! cand } 157
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Table Il Data oblaied tn connection with right heart catheters ation of 15 patients with normal

Cascno | B= Work | Pulse | Oxygen] Me Oy ca | Og sat. percent| AV
Cath. before | lo d rate uptake | cham [ p cty O,
no MSY L kpmt Jbe st |ml | ealeli | my 4T
SN Ae min mn mn ciency | 100ml (B A | Py mift
Doe after per
mg SN cent
Al B rest 6o 257 - 193 98 8t 36
148/59 A rest | 110 25% - 191 9 83 3
075 A 450 | 133 | 1132 24 201 96 56 8t
A 900 | 154 | 1796 28 | 207 % 4 116
A B rest % 218 - 168 97 83 7
151759 A rest | 139 237 - 172 97 8 27
050 A 300 | 1re 804 7t 177 98 61 66
A3 B et 6 55 - 199 98 80 kid
168/59 A rest 9 264 — 198 99 83 3
075 A 600 | 131 | 1489 24 199 9% 55 8
A [1200 | 154 | 2699 74 199 %6 2 1o
B 4 B est 106 236 - 171 9 82 29
62/60 B 250 | 128 867 18 175 98 § 66
075 B 500 [ 158 | 1240 23 177 98 53 8t
B et 102 218 - 167 9 83 3
A Tt 157 260 - 167 99 83 28
A 250 17 817 20 176 97 59 68
A 500 191 1,269 23 177 97 51 8
B 5 B et 78 245 - 178 99 8 35
76/60 B 300 120 879 21 189 98 [ 7
030 B 600 | 16% | 1304 26 191 96 53 8t
B rest 96 274 - 177 98 8 29
A rest 142 279 - 176 98 83 8
A 300 159 8712 2t 182 96 s 63
D6 B ret 86 56 | - 173 99 { & 2
92/60 B 200 9 60 | 18 | 176 { 10 63 67
075 B 400 | 106 989 25 178 9% 53 K
A st 122 292 - 172 98 8t 27
A 200 142 735 18 177 97 67 54
A 400 | 158 {1143 | 2 181 L] 62 68
B 7 B vt il4 206 - 183 98 81 31
119/60 B 50 144 849 19 186 96 63 63
050 B 500 | 170 | 1368 21 190 9 53 @
B Tt u3 30 - 182 56 85 2
A yest 157 797 - 179 99 8 2
A 50 | 177 878 18 180 97 63 65
A 300 | 190 | 136% 2t 185 100 49 %
RV =rght v le PA=pulm nary try PGV=

SN = methyl copolam ne trat
D = duastolie M =me 2.
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o vt n
Csd | Su ke | Prowures mmBg
agutput  § wolam
HYmn mt RY vA Py (B %
S De s o M M S D A
2 120 20 1 19 5 12 7 Ett a3 8
78 7 16 ~3 13 $ i 4 21 7 Lid
38 105 2 ~1 "3 ] 15 i 160 a 103
185 mn - - 6 3 19 3 - - -
93 97 22 3 7 8 12 7 93 63 &
38 3 21 1 16 3 n - 105 2 8
124 75 3% ' 7% 3 133 - 118 1 7
sy 106 2 4 18 g n 4 116 63 L5
79 88 19 a ® 4 8 Q 1! E:] o
179 137 3¢ [ 2t 10 1 5 169 3 99
245 159 43 1 36 a 17 4 68 90 15
83 K3 13 2 15 5 s 5 g 52 0
132 103 25 o 23 8 12 5 fie] 0 87
143 23 28 3 2 7 3 & 125 &7 89
23 87 1% 2 133 5 9 - a7 5 2
43 61 ig 1 14 13 10 3 a1 1 ke
120 /0 20 3 18 9 14 5 11 ” i
{1 30 26 ¥ 2> g 18 - 176 73 9%
70 90 23 & 13 3 1t - 127 L1 90
1y 93 3B 3 n 15 2% - 157 7 w0z
156 9 43 5 ® b 3 - o 9t 123
95 99 23 3 > 9 1” - 137 ki az
101 1 2 T 15 9 1 -~ 137 ” Hid
138 87 £ o 30 ” 23 ~- LI O 1) 1y
103 120 26 5 El 8 15 8 13 67 9
ns3 ne 39 7 » i 2 2 ] 16 ] 8 } e
177 120 5 4 - - 18 - 128§ 9 s
s 82 30 3 2. 143 15 € 126 n b
136 9 £ 3 36 13 23 1Y 165 86 13
168 ton 58 9 - - 2% - 1o 8 110
L 8 | % 3 | 2 s | 13 e foes | a0
134 % §on 2 {8} on B} o~ ] ey s |1
172 101 37 36 e 13 ~ 184 k] 1?
1#2 125 28 37 6 n - 145 7 w
13 2 22 1 25 8 Hn - 13 7 %
1€ 40 H 37 i 2 - 160 77 106
14 & § as 1 43§ 3 b~ ) e} oser
Plosyeplln enows B Labw bl arery  Sesyutalc D mendadiat]
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Table JI {cont }

Caseno f B = Work { Pubse | Qxygent Me Oy<a | Opsal, percent}
Cath before | load rate uptake { chan | pacity [+X
no MSN | kpm/ | beats} | i} caleffi § ml} af
SN A e run min min ceney § 08wmifpr A | Py mift
Dox after per
mg MY cent
B8 B rest €3 352 - 186 9% " 34
12160 B 40} 125 1139} o1 ®3 98 ) 7]
a5 B 800 | 159 | 1709 | 26 194 98 5" 9
b rest 91 304 - 180 98 81 33
v rest | 136 287 - i3 92 83 s
4 400 § 161 | 1014 25 183 ] [ 7
A 800 | 174 | 1730 26 193 or 50 L4
9 i) rest w07 27 - 570 93 8 +
145460 B 750 | 340 861 1% 176 97 ~ -
075 B 500§ i64 | 120 23 181 93 58 7
N rest | 136 228 - s % a1 2
A 299 147 8717 18 176 9% 2 &
4 500 158 | 18 " 189 97 50 &
R 10 B rest 65 200 - 9 9 80 73
163/60 B 20§ 122 797 2 121 97 58 7
0 B se3 | 188 | na7 24 85 ¥x 49 90
\ fest 14 220 - 169 98 20 3
A 50 161 810 20 172 9% 33 b
A 500 (P53 120 3 18! 96 47 a
V1] » rest 63 12 - 18 97 79 7
189/60 B f00 | 155 | 1490 23 205 97 8 103
7% A ot 158 °88 -~ 197 97 8! 3
LY 600 | 8% | 14 25 | 206 a7 P 1
c 12 B rest 6 242 - 185 97 8t 3
149/61 B 00 135 | 1457 27 184 a3 47 0
a7 B ret L 2% - 373 100 8 3
A est | 139 27 - 176 9 8 34
A 70 ) 138 1577 2% 14 160 33 s
cn B rese al 21 - "2 9 78 !
157461 B 400 2 997 4 146 2] By 7
075 A rest | 197 °10 - 11 9 7 a
[N R R EC 2 7 | o 99 | 49 %
¢ B rest ] 33 |~ | 216 a | 8 3;
159761 B 00 | 127 )9 26 | 220 9 47 I 4
0% A rest i Hr - 03 100 83 3
N o0 | 150 | 1959 | 25 | m7 9% 51 Z:
rest 7a 233 - 166 % 78
ﬁo}?, ,’i s00 | 176 | 1330 25 65 97 o gg
075 B est 8 21 — 156 98 7 ,
A sest | 117 277 - 157 99 L] o
4 €00 148 1342 25 169 97 » .
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Card. | Btroke | Presures, mmHg
output, | colums)
Ve |l Ry A PG {E 4
5 l pe IS [P M M s p |wu
104 b3 29 4 p<3 8 15 e 03 5 b2
167 13% 33 £ ki 12 2 12 39 &8 a5
186 uz 51 4 37 13 24 - 131 82 02
93 07 74 3 17 ? 12 -~ 110 | % »
e5 4 23 ? - - - - 107 62 VS
147 | oA z ¢ | 2 i | & 8
129 10 5 4 4 33 25 - 173 o0 09
16 108 a0 3 24 [ 1 7o{se |7 108
- - ) 2 27 5 " w15y | o6 n2
158 16 32 ? 27 5 1# ~ {186} 80 | 18
938 2 19 q 18 4 9 3 147 24 106
134 93 29 t 5 9 15 7 63 83 s
156 w | % 2 2% 3 2 ~ 1w} o8 | oy
74 e | 28 5 25 9 {1 - 18 [ L4
H2 L 34 1 31 q 16 i 14 k74 96
135 8 | 30 |1 3] —~ pse ) B m
71 o | % [ ] 3 13 ~ } s | B 9
106 6 @ 1 32 1 17 B |21 7w 9
139 80 51 H + 10 i5 ~ fwel on|am
£7 106 | 23 4 17 4 18 74l 9
e 9§ 46 o {3 1w 6§ 0§ o8t | m2
83 53 2 o} n 4 12 3000183 § 9o o108
137 3} o4 6 36 1 20 9 ]9 158
75 120 | 26 5 26 i0 17 6 { w8 ] 87
183 03 | a4 1 3 ' 2 - 1w 6 i 7
65 40 1§ 3 [Eg 8 1n ~ fw ] o6 8
66 48 15 1 18 5 13 ~ W} ki
134 3 4 g 57 s § u - %) 12 | we
72 28 18 2 i8 4 ] 93 i 6 77
138 107 37 [ 29 § 13 - 2 {n 9
31 55 2 [ 19 5 1z ~ 110 § g
118 €8 4 ? 25 & "% - 129 1 L1
7t w 2 7 1 1n 18 ns 3 om a7
17e u | v § § 2 17 23 - P} oe g
94 25 17 1 0] 1 7 ~ P16 | o L
Wy | o3 53 4 33 17 2 B R B T T
72 % @ 5 18 $ 0 6 {we { 6o 83
154 T 8 | 5t i 2 - W 8 58
86 £ 19 3 15 3 9 - % | <3 e
98 kid 26 1 1 5 1 - 107 20 93
151 10 3 4 29 3 | » 1B} g
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o -\

Fg 2 Ovgen vptale i reld
oo tion 1o cardiac output at rest
(Flied symbols) anddu  gex r

© ¢ before {c ¢cles cannected by
full Tine) and aft  MSN {t un
- st s connceted by broken lic)
The ar 2 of normal sanaton

£ obianed fom d te mnaton
on 27 h alhy subjects m the

Y sup ae po tan (o uRen ¢
wa
7 al’ 1960 Beveairp ol 160)
s % u ounded byad uedinc
wtra The hatched ar a ¢ proseuts
o~ the normat ia stun 3t rest

deterrmmation at Test before MSN was performed sfter the first exercise

test and the pulse rate was then on the average 7 % hugher than dunng the
“~first determmation After VSN the pulse sate was 134 beats/min (ranve a9

T]SS) corresponding to an mcrease of 66 G from the control value
. The pulse sate dunng, work In group B where two progressne loads wert

performed  the pulse Tate at the fiest foad was on the aserage 125 beats/nun

(range 9o—144) before and 160 beats/mm (range 142--177) afier SN

With the second toad 3t was 152 beatsj/mun (range 106—170) and 174 heats/mun

frange 158~191} respecuncly After MSYN the pulse rate vas on the average

agher by 28 ©, at the first load and by 15 9 at the second laad "The differences
were significant {p < 0001} and probably sigmficant {p <002 respectiely
The ovgen uplake at rest was 15 % (range — 12—~ -+ 49) hugher than the
predicted basal oxygen uptake (Harmms and Bewenior 1919) As earber
observed (BevioARD of ol 1960} resutution has occurred i about 30 mun
after cxercse at sebmaxumal Joads There was no sy mficint differcnce 10
oxygen uptake after MSN

Tkt 0xp,en uptake dunn, work There was no 5
the oxygen uptake before 4nd after MSN  As the nork loads were
st follows that the mechanical efficiency was the same This average
First work lond 20 °4 and at the second load 23 %

The oxyg n Saturaton of the artersal blood vaned within normal limsts &
as well as dunng work The oxygen capacity of the artenal blood increas
dunmg work as 1 nrormal subjects (BevEGiRD et al 1960} Admunsstraton
of MSN did not cause aav sigmficant difference

sgnificant difference hetneen
the same
d at the

t rest
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The oxy,en saturation f mixed venons blood (Fig 4) at rest was shghtly hugher
after MSN and the difference was probably sigmficant {p < 000} Dunng
exercise however there were no signsficant differences at the same oxygen
uptake

The arteno-ienaus oxpgen d ffaemce {Trg 4) av yest was on the average 32 1
mifl {range 24—44) before and 300 mlft (range 25—37} after \SN the
difference bemg probably sigmificant {p < 005) Dunng exezase there were
no significant differences at the same ogygen uptake

Thz cardiac output {Fag 2 and 4) at rest before MSN amounted to 822
mun {range 67116} and after MSN 0 892 Hmm (range 66112
The difference was not sigmficant During work the cardiac output wmereased
with the first load w0 1399 hman (range 112167} before and to 1288
Yoo (range 10 614 2) after MSN Wath the second work load the values
were 1562 Ywn frange 127—186) and 1378 Ymun (vange 139—
189) respectnely The cardiac output dunng exercise was not sigruficantly
altered after myection of MS™ In relanon to the ovygen uptake the cardiac
output both at rest and dunng exercise (Fig 2} was \thin the normal
Tange tn most cases In case B 9 the cardiac output was higher than normal
at rest but tended to normahze duning work Incases B 6 and B 7 1t was
somenhat high at xest after MSN and 1n case B & thus occurred also durmg
work A somewhat high cardiac eutput was abso observed i case B 8 on the
first work load

Tt strofe vofwn {(Fig 3 and 4} before MSY at rest was 103 mi {range 78
~—120) During work st was 107 ml {range 92—134) at the first Joad and 104
mi (range 88-~120) at the second lnad These changes are not sigmbcant

An approwmate value of the crror of a smgle determination was obtamed
By calewlanon from the vanauons bereen the determinations at the tho
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Fg 4 Mecan al es of some hemodynam ¢ relat onsh ps at sest nd d nng ex roue before
and after MS\ Symbols as n Fg 2

~ work loads and amounted t0 58 , In relation to the blood volume the stroke
solume was vathin normal bmits (BevEGARD of af 1960 Hovscrew et o
f960) m most cases (Fig 3) In relation to the THb the stroke volume dunng
" work m all cases was within two standard deviations from the normal regression
Ime (Bevecirp Horycren and Jossson 1962) The relatwonship between
the stroke volume duning work and heart volume (BevEGARD #f of 1962) nas
normal 1n most cases In case B § the strohe volume 1 as larger and m case
C 11 shghtly smaller than expected from the value of the heart volume
After MSN the strohe volume at rest showed a sigmficant decrease (p <
0001) which on the average amounted to 36 ml (range 1272) or 34 %
of the control value On transition from rest fo exercise the stroke volume
1ncreased by 19 ml or 28 9, of the value at rest and duning work with a heavies
load by another 10 ml It was then 44 © higher than at rest after MSN
“These mcreases were significant (p <. 001 and p <. 0 02 respectriely) Although
the stroke solume increased on transiton from rest to exercse and durmg
continued exercise with a heavier load 1t 1 as sigmificantly Jower than before
SN both at the first {p < 001) and second load (p < 002} The averate
dyffercnce was at the first load 26 m or 23 of the value before MSY and
at the second load 12 ml, or 12 °, of the salue before ASN
The central blood tolume (cases C 11—-C 1) before MSN and at rest was
on the average 886 ml {range 754—1090) corresponding to 174 % (mnggg
16—18) of the total blood volume During work 1t was 1167 ml (range 9.
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—1 400 After MS™ the central blood tolwme was 828 mi {range 7321 001}
at zest and } 193 ml {range 915—1 450) dunng work. The differences before
and afier VSN v ere nat significant The merease from rest to exercise was
ugmficant (p -, 800!} and amounted to an average of 32 ©

The wittacardiac ard st aswlar pr ssures (F1g 3 6 and 7Y "The pressure
the brachial artery \ as on the average normal at rest and dunng exercise
(Horucren ef of 1960 Beveeamn et of 1960) After \(S\ at rest the pube
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,dmphmdc 1 the brachial artery decreased depending on a sigmficantly
(p < 001} hgher diastilic pressure The systohe and the mean pressures
were not sigmificantly altered after MSN  As the cardiac output was the same
before and after MSN 1t follows that the perspheral vascular resistance was

h 1 The g n the pul y artery werc normal at rest and
during exercs ¢ (BevecArp ef al 1960 Hormere~ et al 1960} and no significant
changes occurred after M5\ The pulmonary vascular resistance showed no
significant changes after VSN The systohc pressure 1n the right ventricle
shich was normal at rest and dunng work was also essentally unchanged
after MSN The pulmonary caprllary venous pressurc and the end diastolic
pressure of the night ventricle were normal at rest and dunng exercise 10 atl
cases where they were recorded As carlier observed {BeveEGARD ¢ al 1950
the end dastolic pressure of the mght ventricle on the average decreased
shightly during work Admnistration of MSN caused significant decreases
(p < 0001} of the pulmonary capillary 1enous pressure and the end-diastoh®
pressure of the nght ventricle (Fig ., pressures after M5N
1ncreased duning, work (Mg 7) The S\ end-dastolic
pressure with the huzl pificant {p <00”I)
‘The pulmonary cap measured only
1 a few cases but
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The effzct of MSEY\ on keart iolume and durction of m chamcal drastole
‘The heart volume at rest 1 the prone position showed a tendency to decrease
{p < 002) after MSN The decrease was on the average 87 ml (range 0—
220} In three of the seven cases the decrease amounted to 100 mi or mare
After MSM the mechanscal diastole was sigruficantly shorter (p < 0001)
10 relation to pulse rate at rest and dunng exercise (Fig 8}

Discussion

The matersal used for the present studies of the areulatory adaptation to
mcreased heart rate by ad of methykseopol: (MSN)
consists of young subjects with normal orevlation as far as can be judged
by the results of chinical and laboratory examinations and for some of them
also by heart catheterrzatson Each subject was used asits own control Vansrsay
and Brows (1950} showed that the effect of atropine on heart rate vanes
with age and 1s most pronounced during the first three decades of Iife

The methods employed have been the same as cather reported and duscussed
{Bevecino o af 1960) Ameng the cases investigated with heart cathe
terzanon group B and C performed one work test before and one afier
admsnstration of MSN  After the first exercise test restitution of pulse rate
a0 oygen uptzke had ocowred before MEN way gnen After MSN the

were not d untii the pulse rate was stable

Anticholiner s wnfluence an pulse rate and strok tolume af rest
The present has d d that ad
}

1

of an
e substance thylscopol rate (MSN) 1o doses of 0 50
0 72 mg (814 pg per kg body weight) ancreases the heart rate and decreases
the stroke volume so that no significant change of the cardiac output eceurs
The cardicaccel effect of hol substances has been well
documented (Goopuan and Guuay 1956 p 546) Concerning the effect
of atropine 1n large doses (1—2 mg) on stroke volume and cardiac output
varymg resufts have been teported IDifferences in vagal tone depending on
dispanty m age of the matenals studied and the tune mterval between the
admimustration of the drug and the measurements may account for some of
the contradictory results In some studies where the meamrements were made
witsn 3 min after 1 v igecnion of atropine a sigmficant ncrease of the cazdiac
output with no (VW e1ssie ef of 1907) or slight decrease (Gorwex o of 1961}
of the stroke volume was fourd & may be uncoran whether 2 crevdatory
steady state 15 obtamed within this short ume mterval From studies by Gorus
{1928} and by WiLpsr and Brusr (1938) 1 appears that the haact rate was
70t stable wuntd 535 mit after 1 v angecuon of atropime Gorus (1928}
who studied the effect 10 ~13 sun after injection 1n subgects of somew hat hugher
age found no change  cardiac output Berry &2 a! {1959) found sigmficans
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merease of the cardiac output wsthin 13 mun aftes 1.4 smyection and com
pared to this value a shght decrease after 14 min These ymmediate and late
effects also appear from the mvestiganon by MeMicuarL and Smaregy
ScuArER ({9%4) The present 1vesugauon where the effect was studied {5
—28 run after 1 @ mjecnon of MSN when the heart rate was stable, s m
agreement with preveous reports where st has been found that anticholnergse
d ol results 2 d af the stroke volume

A decrease in siroke volume can depend on wnpared filling or emprying
of the venttcks As also demonstrated by others {MeVicuaer and Suareey
Seitaree. 1944 Wessirr of a2 1997 Gorure 1958 Brewy of af 1961} after
gection of ateopine the flling pressure for both the nght and Jeft ventncles
decrease This decrease could be explamed by lower atrathoracic presure a
decrease of venous tone or a redistribution of blood withimn the vascular sysocm’

ol .

gle sab PP ty alier esopbageal tone
pressure does nat teveal accurately changes wn the intrathoracic pressure
{Berey ef af 1953} Witk AN na ch m sesp y zate or ventik

were obsenved 1tss nmprebable that any change m the ttrathoraoe pressure
oceurred

The observation wn the present study that ventacular filhng pressure and
stroke volume decrease after MSN 15 thus consustens with an ampaired et
cular filing due t0 a decrease of the effcamne filhng pressure The tendency
tv 2 derrease of the heart volume after MSN 15 also cansistent with a dunnished
ventpenlar filling However the re ults concernang the heart volume may be
uncertan because the exposures were not tngged to end diastole hyrcLaert
Rupne and Sjostrann (1953) found no change of the heart volume 1 end
diastole afler MSN The h $ok Was ged alter
MSN indicating that tie totat blood volume was not altered  This 1s m agree
ment with the vesults of GorTeY fal (1361} No change i the cenral blood
volume was ok erved The same result was obunned by Berry o af (1999
and by Gorres e o (1961) afier awopme They alo found a decrease of
ventrirular Siling pressure and stroke volume VWeisster ef of (1937) found
unchanged stroke volumes and larper contrnd blood volumes after auopie
Gorten ¢t @/ (1961 ) found that che colume 1o which an adicator was diluted
donng 18 G5t erculaton nas anchanged after atropime when the sndicatof
was mjected mio the supersor vena cava but decreased shen the ndheator
was tagected peripherally o amecubital vewn or femoral vews The resalts
of Gorten «f al (496} indicate the tmportance of central imjection and sam
phing for studies of changes an the central blood volume Thus s atso panted
out by MeIntasut ¢ of {1961) + ho suggest that changes in artenal solume
or 1 the distnbutian of flow can change the value of the central bload volume
In the present study of wad and sampheg oreurred centrally
W ith the assumpnon that the mdrcator diunen techmque reflects real change?
10 the s oume of the vascular bed the resuhts obtased s thiy and (he studies
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by Berry @ 2! {1939) and by GORTEN ef @l (19b1) should umply a decrease
of central venous tone and a decrease of peripheral venous volume O1 the
other hand the current techniques for esimation of the central blood volume
may be erroneous durmng the conditions studied haLser ef ol (1924) and
Mirer et al {1931 suewest from therr results that 1 m mection of 2 mg
afropine causes peripheral sascular pooking

Studie, on the effect of atropine on the perpheral tirculation 1 anumals
have grven varying results After Jarge doses vasodilatation has been obsenved
{Haser 1936) o direct effect was noted by Evrer (1938) on the nemve free
vessels of human placenta Gassrrt {1936) found no appreciable effect
meduate or delayed on the rate of blood flow through the human hand or
forearm after 1 a 1 After 1 v of 2 mg pie HORSLEY
and Eckstery (1959) found sigmficant decrease of pressurc and volume i
human forearm vems and thus response was not nfluenced by nflaton of
2 lower body 4 st of suf 1 vessels
flush 15 a well known phenomenon and occurs abo after MSN It xs nol
known whether by this mechanssm alone a sufficent amount of blood could
be deserted from the effectine arculating volume so as to explan the marked
effect on the central circulanon According to Worrnen {1927) the subpapillary
plexuses of the human skn consttute a reservoir of considerable volume
1f pooling of blood occurs after hol cardtoaceek 1t 15 there
fore possble that the pooled blood s not avalable in the large vemns This
hypothess 1 supported by the observation that certain manewvers tended
to ncrease wenous flow such as head-dov n tilung and passive leg rawsing fardled
t0 1ncrease the cardiac qutput or stroke rolume after atcoptne whereas rapid
nfusion of serum albumin had a marked effect (BERRY of al 1929)

Ammal experiments have shos 1 that cardioacceleration v ith an arthicial
pacemaler reduces the siroke output {BErGLLND ¢t @l 1958 Rostuer 1929
Warner and Torowro 1960) In patents with heart block central senous
pressure and stroke volume decreased when ventneular rate vas augmented
by an aruficial pacemaker (BeveGARD 1962 a; In pattents dereloping parox
ysmal tachycardia a decrease of the stroke volume has also been found {Saus
DErs and Orp 1962 BeveGarp Joussov and hartor 1960) It is possible
that at rest an increased heart rate per sz may mfluence the distribution of
the blood volume and the strohe volume Thc underlying mechanisroy are

) but 1t 1s probable that y via the ep ors
mothfy the cxnuhtory response ta cardioacceleranon

Nenmicular filling may be restricted by pronounced shortemng of the
mechanical diastole i appears from Fig 8 that after MSN the duration of
the mechanscal diastol + as sharter than at the _ame heart rates before VSN
Tt 1s posaihle that this more mm-kcd shartenung  {the duration of the mechanical
diastole after VSN ¢ d 1 the of the filing volume
The average decrease i heart solume corresponded approvmately to twice
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the decrease in siroke volume The changed refationship between the duration
of mechanical systole and diastole after VISV as compared to the state at cor
responding heart rates during exerase before MSN may be explaned by a
dsfference 1n myocardial contractihity secondary to a difference i sympathetic
tone

Anticholinergec wfluence on pulse vate and strofe volume dunn, evercise

On transiion from rest to exercise and durning continued exercise with
mcreasing intensity the stroke volume mcreased gradually and reached almost
the same value as before MSN  This wmerease of the stroke volume dunng
work explained the decreasmg differences i pulse rate at corvespondmg loads
before and afier MSN as the peripheral oxygen utshzation was not mfluenced
by BSN After MSN the work intensity at a pulse rate of 170 beatsfmn
was 14 % lower This difference 1s explaned by the difference 1n stroke »olume
which amounted 10 12 ¢, at the highest work load These observations farther
d the close rel hip betucen the size of the stroke volume and
the capaaty for work at a given pulse rate (cf BEVEGARD ¢t ol 1960 and 196
BevecAro 1962 b)

During exercise the stroke volume increased parallel to the rise in sentnicular
filing pressure {Fig 7) Thus can be explamned by mcreased ventriculas fillin
as a result of a redistnbution of blood 1n a central direction due to the venous
pump Usuvally the filing conditions for the \entricles are opumal m the
supine position and a further nise in filling pressure will then have only a shght
influence on the stroke volume {Rusier Swmn and Franau 1938)

The increased sympathet dhscharge during exercise may adjust the capacity
of the venous systern and thus adapt the crculation to wmcreasing Q¥9y8en
transport demands Wirser and Brust (1958} found that of cardioncceleration
was produced by injection of atropine durning snfusion of norepinephrnt the
stroke volume decreased only msigmficantly and the cardiac ousput mereased
considesably Rusmser (1958) could i dogs by a combination of mdLuCtd
tachycardia and 3 d ton of epnephnine and P
more closely reproduce a circulatory response similay to that durmg exerenst
than with erther of these factors alone
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From the Institute of \europhyuology Ln ersety of Copenhagen Denmark

Cond d Avosd Bek of Cats
with Lesions in Globus Palhdos
By
Arxe Mosreror Lavrseny
R ¢d 16 June 1962

Abstract

Lavnsen & M Cond tored groida ce bekarsor of cats sesth leseans i
2 bur pali dus Acta physol s and 1963 57 81—85 — tiier bots
s Jareral 2nd Dilateral les ons n globus pall dus conditianed avo d
anee responses  ere xungu shed more rapudly than n normal and
control aperated ot This wais obseried at a time when setent on had
retuened 1o normal An o als w th bilateral Iex ons e globus pall dus
tested 30 da 3aft rikeoperat onl amed th 2 osdanceresponsesto er
than normal 2 4 control wperat deats Retent on tested 30 days afie
blar ral les ons n globus pall dus vas ympa red as comparcd with
normal and control op rat d cats § xry days postop rat ely retestion

23 normal Th refore a roemory defect cannot 2 count for the rap d
extnenon sbsery d mor than 60 days pestop atv | cmay be
plan d by d mnshed { ar

Expenimental studies sndicate that learning {Rossotn and Dercano 1956
Rosvoro s and Szv arcsart 1998 Deay and Davis 1959 Bacne
Rosvorn and Nbsuary 1968) rather than bamc motor mechansms (W isoy
1914 Rawsow and Berey 1941 hpvwsrp 1944 Lauvmsey 1905 1962 a b}
are funcuons of corpus stature Condittaned 3 qidance beba 10r+ 25 affected
by comloreed ovedane wnd tonweal WMurs Teh by cumesh Yesers dese
(Trossson 1959 1 placed lesions 1 the projecton areas of the caudate
Mucleus wger and globus palidus {(Vovems 1259 Szano 1962) Lesions
saddeus uger vere abandoned because they damaged adacent siructures and
resulted in gencralized muscular seakness Although lesions 1a globus pathdus
ncluded the tateral part of the genu of the nternal capsule motor uigns did not
appear The purpose of the study presented mn this report sas to smvestigate
the effect of lesions in globus pallidus on conditoned avordance behaviar

€—623075 &t phy 1 ad b 157
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Tabl I Fepermmuntal groups

Number
of¢ ts
1 B1 teral les ons an globus palhidus 12
2 Un lateral les ons in globus pall d s 3
3 B lateral Jesions in thalamus 3
4 Sham operated o bilateral les or s i anter
nal ¢apsule 7
5 Unoperat d 14

Method

atenal

Sixty seven tame cats (? 6 to 6 kg male and female) were used Successiul expen
ments were made on 46 animals Some cats were discarded because the lesions were
msplaced {3) or because they aquired an avoidance response not amenable to guantita
e analysis (lay on their backs or balanced on the hurdle 10 operated and 8 unopera
ted cats)

The experimental groups are bsted sn Table I Lesions were made aither before
{A Fig 1) orafter (B Tig 1) ratming the number of ammals i these subgroups 13 18
dicated 1n Fig 4

Operation

A monopolar electrode msulated except at the tip was introduced stereotactically
mto the brain under by hesia and aseptic cond Umlateral or bilateral
lesions 1n the globus pallidus or b lateral lesions in the thalamus or internal capsuley €€
made by passing a direct current of 2 to 3 mA for one m nute from the tip of the lec
trode to a metal plug 1n the rectum The angle of entey of the electrode was vaned 00
that effects dur to the electrode tracts could be detected Three cats had bilateral and
‘two un lateral sham The electrode was introduced imto globus pallsdus but
electrolyttc lesions were not made After lesions 1n the globus pallidus the cats were
apathetic for about 2 weeks One cat trained 5 days after the operation reached enterion
of tramng m 30 days Therefore avordance conditioning was started 30 days after
the operation After thalamic lesions recovery was rapid Two cats retra ned 5 days
after the operation reached enterion in 2 and 3 days

Histology

All lesions were venfied histologically After the expenments the brams were per
fused and fixed 10 10 per cent Formalin Frozen sections were cut at 20 microns every
tenth section was stam d with thiomne The lesions were pear shaped and eccupied 3
volume of about 5 mm?® Thus a leston that destroyed the globus pallidus damag

B

A
l TRAINING RETRAINING EXTINCTION

——r— sr—J‘—‘f_—l—_,‘

Ry 20 B @ 0 6 D“S.:

A
Fg 1 S quence of the p ocedur  Ingro p 1 anx 3 (Table I) les ns were mad e therat
at

oratB Mileson :ng up2 nd4wer made
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{ 18%

B Les ns merrupingth ff atfibemsof gl bu paltdus{ ¢ 108;
Th 60 tamcdbrans oo P0p Pl)

L Ansalentail

CC Corpus callowum

Cd Nulews aud

€I Capsul ant tma

Ch Chatm opt cum
trum

pe
Du feus ent peduncutans

mx
TP Gt bus pall dus
R Hypoh | mus anten
HL Hypothal mus 1 cals.
Pt Putamen

o culam
Nuel ws eun ens
TO T ¢w p cus
VA Ndw nmlaon

theinternal capsul as well (Fig 7 A, $n one car mall b lat rallosions (2 mm } £ tuated
@ th nuclews entopedunculans  nd ansa lent culans had the same ofF ¢t as les ons
destray ng globus pall dus probably because the T rent fhers of globus pall dus w re
mteerupted (Fg 2 B

The ommustura ant  or pases through the oscrobasal past of globus p Hdus in
three of 12 cats the commussura antertor was damaged without aff ting the results

Th b loguemeam o3 [ h medial sgment of gl bus pall dus 5 primates
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TS RTINS
SOUND. msuunow\\\\
W

Fg 3 Shutil boc.Treons
way glass window u 1 lted
to prev nt th cat from
seemngt own refection

Asordonce condsfroning
Skutsle box The box 1 shown 11 Fig 3 The electric buzzer m the roof af cach com
pastment dels ered 50 clicks/sec and the two buzzers were wsed nmultancowsly Shocks
were applied through floor grids of one or the other compartment from a varable auto-
transformer {118V 50/sec A, C,; The current drawn from this constant s oltage sovree
was calculated from the voltage drop o er 2 100 #7 seustor an series with the cat thy
soltage drop was measured with a cathode ray osalloscope Shock mtensines were be
tween 7 and 4 mA A constant current generator as source of shocks {3 M autput m
pedance;  as unsustable because the imtensity of the shock was mereased when the eat
biied one or two paws A further disadsantage was that the shock was diminushed when

urine or sal a shunted the cat

Cond tion ng The response stud od was crossing the burdle that 1s when twe front
paws touched e gnd Boor on the other nde On the first day of raning the aumal
was placed in the box for an hour without sumuls Under these conditions the cats ext
the hurdle between 0 and 26 tsmes On the second day only the buzzers vere present
for 18 sec a1 an ng mienals f the cat crossed the hurdie the buzzers were stopped
Afost cats did not cross the hurdle at all others cros ed 1t } 10 6 tmes On the third
day 2 gnd shock was apphed 10 sec after th onset of the buzzers The stmul wac
presented 20 umes dat at random intersals of 0 to 80 sec The a erage mternal was
60sec I the cat responded by crossing buzzers and shock were stopped I as occastonal
Iy happened e cat neither sesponded 1o buzzers nor thock both w e stapped 603¢¢
after th buzzess began

Crtene of teat g was a ordance of the shock n af least 18 of the 20 datly trials o
©osuccess £ da s This onter on had the d ad antage tha the number of tmals 1o
criterion was a muluple of 20 On the other band it was not oflu nced by arelenant
hatuts of md ndual cats some cats made most errors 15 the begmn o others 1 e
rmuddle and others at the rnd of a sesson The  derion of retra mmg was the same 83 the
entenson of trasn ng To extmmush the cond 1 oned a o dance respons the buzzers were
presented without the shock, at the same int rvals as duning tra mng The mkﬂm;]
extinction as absence of hurdle cros ng on two uccrsss € days durn 5mn with (L;
buzzers contmuously on  Ha 1ng failed once 10 respond for 5 mm nearly all cats al
faled to respond on the next day

Avo dance beha 1or was characterized by

2) The number of trals w0 cor terion of tra ning

b) The number of tnals {0 entemon of retra ning

¢} The number of tnals w enitenon of exuncuon
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O~ TRANING RETRAINING EXTINCTION 0

Fg 4 Number of trals to cr t 11 n of tram ng retramng and ¢ tnctonw  d  dual cats
Tat 1ng Bilateral les ons n globus pallidus delayed acqus tion of the a o da ce response (@)
as¢ mpa ed with 26 unope _ted cats
Rt g0 o R tent on was del yed afier bil teral les ons in globus pall dus mad 30 d ys (O)
ot 60d ysbef ¢ (@
E tinction Bhlml( d)unlaltﬂllﬂ onsmgl bus pall dus prod ced rap d exunction (O @ Q)
Unoperated 30 d ys befween tra ing nd retraining
Unope ated 6d y betw ent mmg d t inng
m perated
Bltralleson nth wtern | psule before traumng
Blaterallsons n th thal musm de aftert  ing
21 ¢ Hesonsin ek thal musm de bef & mng
Blter Tth I mcles nyextnd guntoth fundusof th caud ¢
Bl terallesonsm th gt busp Udnafer o g
L4

=e OCEM>ATCR

Cat108 wthleson h  nF

B! terallexo 1w globusp Ndusbel  traming
Unil tralles ns gl busp Il dus.

d) The avo dance latency @ fined as the time from the onset of the buzzers to the
a otdance response

€) The escape latency d fined as the tme from onset of the shock to an escape
Tesponse

f) The number of turdle cross ngs not p ccoded by sumuls

Results

! General beharior All 12 cats with balateral lesions in globus pallidus be
came sluggish They did not eat and hardly moved the first 4 or 5 days after
the operation  The slow recovery was not an unspearfic effect of the surgical
intervention because 10 cats 3 1th bilateral thalamic lesions bekaved normally
™o days after the operauon Operated cats were sndistinguishable from un
Operated cats \ 1th respect to stretch and flexion reflexes muscle tone and pos-

Anin vst gaton of m tabol - changes afice les ns in gl bus pallidus w1 progress.
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Fig 3 Shutil box The n
way glass wind w1 15ed
10 p et the cat From
see ngnsownt B cton.

Aroidance conditiomng

Shustle box The box 1s shown in Fip 3 The electne buzzer i tt & zoof of each com
partment delescred 50 el cksfsec and the two buzzers were used s multaneously Shocks
were apphed through floor grds of one or the other compariment from a yarble aulo-
transformer (110V J0fsec A C) The current drawn from 1his constant voltage source
was ealowtat d from the voltage drop over a 100 O resistor 151 serics with the cat the
voltage drop was measured with 2 cathode ray oscilloscope Shock intensit €5 were ke
tween 2 and 4 mA A constant cusrent generatar as source of shocks {3 M output
pedance; as unsurtabl because the intensity of the shock was increased when the it
Rified one or two paws A further disad antage was that the ehock was diminished whes
urinc or sak a shunied the cat

Cond 1omng Th response stud ed was crosung the furdie that 1 « hen two front
paws touct ed the grid floor on the other mde Og the first day of tramng the anumal
was placed in the box for an bour w thout sttmub Under th esc candiions the cats crosrd
¢he hurdle between 0 and 26 t mes On the s cond day only the buzzers were present
for 10 sec at  arysng mtenals if the cat crossed the hurdle the buzzers were stopped:
fost cats d 4 not cross th hurdle at all others cros.ed w 1 to 6 tmes On the hird
dav a grd stock was apphed 10 sec after the onsct of the buzzers The sumuly were
presented 20 1 mes daily at ran jom imtervals of 30 to 90 see The a erage Intenal Wb
GOsec Ifth cat responded by cross ng buzzers and shock were stopped If asoccas on2!
1y happened, the cat nether Tesponded 10 buzzers nor shock both were stopped 605
after the buzzers began

Crter n of ¢ mug was a o dance of the shock n at least 18 of the 20 datly trals O
wwo successt € day  This criterion had the disad anta © that the pumber of 1als @
cterion was a mulup! of 20 On @ othes hand st was not inflgenced by wrclea®!
Bab 18 of mds dual cats som cats mad most ervors i the beginmig athers 10 li\f
mmddle and others at th end of a sess o The nlerton of retrainy g »as the same 28 th¢
enteron of tra ning To extingy sh the condat oned 2 ordance responss the buzzer W’}
presented without th shock, at the same nervals a3 during tram g The rtenot 8
ot nation was absence of hurdle crossIng on twa successs © days duning 3 m
Turrers contrauousty on Ha ng faled once to respond for 5 yon nearly 3l ca®
fasled to respond on the next day

Avoidance beha nor wat characterzes by

a) The number of tnals 1o entenon of trasng

b) The number of tnals 1o criterion of retramung

) The number of trals to ertenon of extinct an.
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Table 1 Avo dance lancies bf (6 cats ) and after  late ol westons 12 globus palhdus {6 cots)
and e wraperated cols (8 tatz)

Lateocy m seconds wath sanda d error of th mesa

Operated
after T wmag }35:D23 440203 7L034740351203 70103
trung  [R trounng] 59404, 53202]5020 4 75203]4 120 416720 3
Operated
before Tramng {67404 48203 57403 76403{5940464£03
tranmg  {Retram ngl5 7203[6340 4500 68L0450L03/55:03
Unoper {Travung §57203)58503{2750335403156203157L04) 52&04;{-3&03

ted Rewry mngi4 1403 34;&61,13&0 ls44ﬁ:62 42:203142403147L0 4‘ 5503

teron days (p 4) was 49 & 03 sec {14 cats 3640 traals each) Cais wath
bilateral festons in globus pallidus responded wath a 25 per ¢ent longer latency
{8 cats 36-~40 tnals each Table 1)

Duning retramng 6 of 8 normat cats responded with shorter fatenctes than
dunng warng {Table ¥} Four of six cats +uth bulateral fesions i globws
pathdus made after ramng responded wath Yonget latency dumng retrmmng
In cats wath bilateral leston m globus palhdus made before trumng the

o ! durning were nat Ih changed (m one
cat rt wag longer tn two shorter o three unchanged) Thus balateral festons
w globus palfiidos mnereased the avordasnce latency and abolshed the effect of
reiramng on avardance fatency

Asoidance latencies sn 10 cats wath bilateral lesons 1 the thalamus i 8
cats with unulateral lesions in globus palhdus and 1n 2 cats with hlateral lesions
m the internal capsule did nor deviate systemancally from averdanee latencies
1n unoperated cats The slow response of cats +1th lesions 1 globus pallidus
was mot due to a motor handwap The mean escape latency was 24 0%

see {6 cats 570 inals) m operated cats 23 ~ 02 sec {34 cats 628 trak)
unoperated cats

Ihseussion

The maan result of tha studv 1 as that condimoned avoidance responses s cre
etingshed faster sn cats with lesions 1n globus palidus than un normal and
control operated cats This v as observed 3t a tume after the operatson when
tetention of avardance responses had returned w normal Wemskravsz (1956)
and Wareritovse (1957) avnibuted rapid exuncton of avodance responses
0 dimimshed anxsety and fear The same uuecpretation 13 consastent with the
obsersanon m thus study that cats wath lesions s globus palbdus &id not show
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signs of fear dunng transfer from the cage to the experimental box normal
and control operated cats vocalized struggled 1o escape defecated ete

Rapid of avoidance resg has been found afier combuned le
stons of the cortex and the caudzte nucleus (cats Trosesav 1959) afier large
basotemporal lesions {cats Bravy et al 1934) after lesions of the amygdala
{monkeys Werskrantz 1956) after alloy Hocortical Jesions (monkeys Prr
sraym and Weiskrantz 1907) and after prefrontal lobotomy (monkeys Watex
House 19a7}

In contrast ta Trosrsoy (3939) sho reported normal geguistion of an avord
ance response when tramning began 15 days afier combined cortical and caudate
lestons acquusition was delayed when tested 30 days after lestons were placed
m globus pallidus This discrepancy may not he due to the different sites of
the lesions because Tiompsov stated that high variabifity might have masked
an effect on acqusiion Slow acq of avaidance rosp was found
tvo wsecks after basotemporal Jesions 1 cats (Brany #tal 1954) one week
after amygdala lesions m monkeys (Weiskrantz 1956) and one weck aftesr
allo-juxtallocorncal or frontal wocortical lesions 1 monkeys (Provway and
Weiskrantz 1907}

In cats with lesions mn globus palhdus retention of the avosdance response
Wwas mnparred temporanly only Retraming was delayed 30 but not 60 days
after the operation Afier basotemporal (Brany et af 1954) and amygdals
lestons {WeissRavTz 1956) retention was unaffected one and ts o weeks past
operatnely although the amygdala hangover {Wesnrantz 1926) seems t0
dicate a slow recovery sumilar to that obserned after Jesions sn the globus
pallidus A marked loss m retention was found two wecks after prcfmnlﬁl
lobatomy 1n monkeys (Warernouse 1937) and one week after damage 10
the mterpeduncular nuclens in rats (Trostesov 1960) Maintenance of avoydance

P without D stmub {Sipsan 1923) was affected oney vek
after lestons of orbutal insular and temporal cortex 1n monkeys as well as after
leions of the amygdala (Wesskrantz and Wisov 1958)

My results may be explamed by derunushed fear of a stunulus 3 amung of
ashock the slow postoperatve recovery may be due to a temporary metabolie
defeet That of 4 p had returned to normal whie
fear still scemed to be duwmmshed supports Brany et af 5 {1994) suggestios
that setention 15 not dependent on fear That retention was found narma
may however reflect only the experimental design  more sensive mcasurtz
of retention might have shown a lasung defect The resufts can be interprete
without assurmng that fearning or memory 1 general were deranged not do
they exclude that glabus palhdus has ather than emotional funcnons

pport and

The reseasch seported w thus paper has been made goss bl through the mupbort B

SpoTS! off
ek pof the T § Department € Army theow h + Earopean Research
was furthermore supparted by gravs from b N chaclsen Foundat on Copenhagen.
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Acta physiol scand 1963 57 90—98

Aus der Rlnisch Physiologischen Abteilung des Karolinska Sjukhuset Stockholm
Schweden

Uber den mitialen Anstieg der O, -Kapaztit
des Blutes der Ratte bex Hypoxie
van

BeRNHARD TRIBUKAIT
Am 20 Jur 1962 ngegangen

Abstract

Trisukatr B Uber den watialen Anstie  der Oy Fapa.stat des Bltes
der Ratte ber Fppoxie Acta physiol scand 1963 57 90—98 —
Rats were submitted to hypoxia corresponding to 6 000 m altitude
The effect on hemcglobin concentration hematocrite plasma proten
concentration total hemoglobmn and the speeific activity of the eryth
rocytes tagged 1 vivo with C** 2 glycine has been studied duning
the first two days he hemoglobin and plasma protein concentrations
mereased significantly They were significantly correlated to each
other There 18 no indication that the spleen should act as a blood
reservoir during these circumstances The speaific activity of hemin
+ as unchanged which indicates that no essential hemolysis or increase
of the circulating hemoglob n occurred However the total temo
globin increased significantly Thus the amount of hemoglobm 1n the
erythropoieucally acuve tissues must have increased

Sauerstoffmangel erhoht ber Saugern je nach Dauer und Starke die Hamo

bink bzw fTkapazitat des Blutes Wahrend ber an
haltendem S fir 1 dieser honz Tolge emner erholiten
Gesamthdmoglobinmenge 15t wird bei kurzdauernder Hypovie und wahrend
der ersten Tage 1 Hypoxie dieser Ansteg entweder auf emen Tlussigheits
verlust des Blutes im Sinne einer Hamokonzentration (SCHNEIDER 1921) oder
auch auf einen Einstrom von Erythrozyten 1n die Zirkulation durch enc 508¢
nannte \lzentspeicherung (BarcroFT 1927 SUNDSTROEM und \[ICHAELS
1942 hraMer und Lurr 1949) zuruckgefuhrt

Vor allem von Verzir (1947) der die Auffassung vertreten hat dass
Bilirubin oder andere H. lobinabbauprodul q Reize der Fry
thropoiese seien 15t weterhin die T'rage einer hamolytischen Reakuon wahren!
dieser hypoaschen Inualphase diskutiert worden

90
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Tab T Placmae wersskon.ent at on Hemogloh nkon.eatration wnd H matokrit vo - Normaltieren
(1) Tieven nach 24~48 stund ger Hypovie entaprechend 6 000 m Hohe (11) und Tieren wie 11
mut Cortucosteraid Zusat (HI) n = An. B der Tuere

n Pl sma w s Het Hbg
knznt ton
4
1 10 54440097 4084056 1312018
n 12 664 + 0275 4714140 1572042
piis 10 663 = 0079 463106 144 =030
Die vorhegenden U h behandeln vorwiegend die Blutver

anderungen wahrend der ersten 48 Stunden nach emsetzender Hypowe Es
soll versucht werden aus dem Verhalten des Gesamthamoglobin der Hamo-
lobink der Pl X und der sp
Aktivitat von mt CM Glyain 1n vivo gezeichneten Erythrozyten emne Anty ort
auf folgende Fragen zu erhalten Ist die erhohte Hamoglobinkonzentration
durch einen Flussighentsverlust des Plasmas zu erklaren liegt also eme Hamo-
konzentration vor? Wie verhalt sich das Gesamthamoglobin® Liegt eine hamo-
lytische Reaktion vor®

Material nnd Methodik

D e Versuche wurden an mannlichen etwa 250300 g schweren Wistarratten und
Rragenratten ausgefubrt Hypow wurde durch Lnterdru k henorgerufen dem d
Tsere n klener n Unterdruckkammern wie f uhe bes hrichen (Trisvrarr 1962) aus

gesetzt wurden Alle T hi selbst Bl \ etc wurd n jedoch 1n
M ereshohe unmittelbar n chd m de Tere aus den hammern genommen waren
orge ommen D Futter bestand aus ¢ nem 1llen Rattenb ot (Z:

s Tristxarr 1960 a) Hafer Mobrruben und Wass ad £ bt m

Dic Gesamthamoglobinmeng  udemten modf ert nal colaren CO Methode
(Trisvnarr 1960 by unter Berucks htgungd  pez cllen Veth tms e unt  Hypoue
(TriBURAIT 1967) gemessen H: o1 und H; % aus denen
$ hzusamm n m t dem Gesamthamoglob n das Blut und Plasmayclumen be cchnen,
wurden o der fruher angegebenen Weise best mmt (Trinuxarr 1960b) D e Besttm
mung der Plasma weisskonzentrat on erfolgt na hd M kro-h) Idablmethode De
+on 30 Doppelproben berechn t Va ationsko ffiz nt b trug + 43

AubicHuss uber en ey ntw Il Hamolyse halt m n aus dem vorze ugen Abfall der
Rdoktvit nviogez chntnHmns W nfuh en Versu hen ber denen
dic Erythro tenlebens  t best mmt wutde wurden da u mannl che Kragen atten
(Naton 1 Instrut for Medscal Resea ch M1 HII London) verw ndet 10 T eren
Tt € nem Du chschnitisgewacht on 302 g = 9 erhelten ) ctwa 10 #C (0169 mg)
C 2Ghena1p Rund 02—03  der rabfolgten Akt t t sind unter Normalbe
S gungenb zum 40 T gna hd r In kton wo der phyr ologische Erythro yten
:bbau und damut  rbund n 0 Akt itapabfall ¢ nsetzt m rel py gle chblesbender

€ 8¢ 1m H aun na hwesbar (Forsmere und Trsurar 1967 by H min warde
© ch der von Fomssoera und TRIBURATT (1967 2) beschn benen M kromethode 1sol ert
und de en spezifische Akt tat g messen
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ssiue /
50
5.
el
B M mpt k _e¥
a5 50 53 60 €% 3 7 &
Verh lten von Pl und H: von Tatten nach 248 stlind ger

Hypox  ntsprechend 6000 m Hole @ = Normalt ere 01 = Hypoxiet erc (O = Hypovie-
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Ergebmsse

In Tab I sind Mittelwerte der Plasmaciweisskonzentration der Hamo-
globinkonzentration und des Hamatoknt von Tieren nach 24—48 stundigem
Aufenthalt in Hypowe entsprechend 6000 m Hohe zusammengefasst Dicse
Jsind gegenuber den kontrollwerten hochsignifihant angestiegen (p < 0001)
Es finden sich also Juer Veranderungen die allgemein als Zeichen emer Hamo-
konzentration gewertet werden

Wie wenter Abb 1 zeigt sind die Ver inderungen der Eiwesshonzentration
eng zu denen des Hamatokrit bzw der Hamoglobinkonzentration Lorreliert
(horrelationskoeflizient =079 p < 0001) Aus Abb 1 geht ausscrdem
hervor dass die hypoxische Reaktion individuell sehr verschieden ausfallen
kann emige Ticre reagieren nicht mut emem Anstieg der Plasmacmens
konzentration und auch mcht mit dem des Hamatoknt andere in ausge

proct Masse Cort de (Pr Jon Natrium Succinat 125 mgf
Tag 1p) von denen en der Steigerung der Plasmaprotemkonzentratiot
entgegenwirkender Effekt fur moglich gehalten wurde hatten zwar kemne
derartige Wirkung die Mttelwerte von behandelten und mchtb handelten
Tieren heiden sich nicht fik von der (p > 005) Fsnt
aber bemerkenswert dass die Reak 1se aller so behandelten Trere aul
Hypoxie wesenthich gleichmassiger wird des

Abb 2 zeigt neben den Veranderungen der relativen Blutwerte und de
Gesamthamoglobin von 2 Tiergruppen das Verhalten der spezifischen Humin
aktiitat wahrend der ersten Tage 1n Hypoe entsprechend 6 000 m Hohe Die
relativen Blutwerte bestdtigen den beres aben besprochenen Hhonzentrations
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anstieg wahrend der ersten 48 Stunden der dann ber der emen Versuchs
gruppe bererts deuthch mn das Stadum emer sekundaren Polyzythamie uber
geht bex der anderen nach exmgen Tagen zunachst zu emnem Stillstand kommt

Die speasfische Haminaktivitat st nach 2 Tagen vollig unierandert und
erst nach 8 Tagen hochsigmfikant abgefallen (p <0001} Nach 2 Tagen
liegt also demnach v eder eine messbare Hamolyse vor noch gelangt neuge
buldetes Hamoglobin 1n die Zirkulation in beiden Fallen sollte sonst namlich
die spezifische Aktivitat abfallen

Demgegenuber wird wie auch aus Tab II fur emne grossere Anzahl von
Versuchen henorgch( bc)m Ubergang von 0 m auf 6 000 m Hohe eine sigmfi
Lante Differenz der F nach 48-stund Hypoae
Aber auch 1 3000 und 4 000 m Versuchen findet sich dicse Differenz die
otz des relauv genngen Umfangs der emnzelnen Gruppen eme klare Sigm
fikanz aufwesst Ledighch 1 5000 m 1st der Unterschied mcht zu sichern Es
1t weterhun  bemerkenswert dass die Hohe dieser Differenz relativ unab
hangig vom Grad des Unterdrucks 1t

Aus Tab IT sind v citerhin Daten von Tiergruppen ersichthch bes denen
dic Erythroporese bereits zuvor erhoht \ ar ent eder durch Unterdruck (Ver
such Nr 1957 IV V1928 II1I) oder durch Anamie (Versuch Nr 1958 IV V)
Dic Tiere 1n 4000 m waren zusor etwa 2 \Monate 1 2000 m die Tiere 1n
5000 m et a2 Monate 1n 4 000 m und dic Trere 1 6 000 m ctwa 2 Monate 1n
3000 m Die Anamie \ ar durch Entnahme et 2 1/3 des Blutvol 18
Tage zusor henorgerufen v orden Betm Ubergang von 2 000 m auf 4 000 m
und von 000 m auf 5 000 m also extnem relauv geringen Unterschied zwischen

ge der Enyth und h Reiz findet sich Leine
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Tab I Gsamthamoglobin son Tieren tor Hypowwe ( Iag 0) und nack 2 Ta en w terscheden
starker Fhposte m t Differenz und S grufikanz der Differen.. Die Tiere der ersten Versuhssenen
(1957 I—1961 I) waren direkt von O m den entsprechenden Unlerdruchstufen ausgeset t worden
Ber den zuaiten Versuchsserien (1957 IV—1957 V) befanden sk die Tiere zu or 1 9000 m
4000m b w 3000m Hohe ber den let.ten Versuchssersen (1958 IV-—1958 1 } war de Enth o-
potese der Tuere durch eme akute Blutung 18 Tage wor Hypoxiebe n strmul ert word n

n = 1ln.ahl der Tiere

Nersuch | n|H he| Total Hbg |Dﬂ‘ t »

D
Nr L Tez Duff
19571 5] 3000309+ 0115/3254-0119] 015 £006¢ | 50 | 2375| 005-001
19581 6| 400023 +0113{268+£0140| 03¢ +£0079 [ 144 [4762{ 0p1-0001
190711 | 5| 4000 2724 0104{2084+0083| 027 +£0051 [ 101 | 5296] 001-000)
19 711 | 5| 5000(334+0140[363+:0208| 029 0191 | 90 [ 1516 >005
19291 916000, 247+ 0033/278 £ 0075( 032 £ 006Gl | 127 | 521%| <000
19811 | 6] 6000, 2041 0090{240+0069] 035 £ 0044 | 178 | 7986| < 000!
1959 11 9| 6000267 4-0125[301+:0100] 034 L0070 [ 136 [ 5755 <000
1959111 10| 6OOD1260 + 0091|283+ 0082) 022 £ 0057 | 89 | 3850] <000
19611 110 6000200+ 0061 {235+ 0086[ 035 £0051 |177 | 6863 <4001
19571V | 6] 40001316 401803 14 £ 0185|0015+ 01099] 027) 0136[ >005
1958111 | 6| 50001321 2 0164/334 +0222| 012200074 352 1257 >005
1927V | 51 6000(3661-0081393 +0136| 0276.£ 00758| 746) 3645 005-00L
19281V | 7| 6000(197 3 0074221 +£0083| 0247 £ 00874| 127 | 2937 005001
1958% | 7| 6000(2064 0059[227+0075| 0210+ 00775 106 | 2710) 005001

statistisch zu sichernde Differenz Beim Ubergang von 3 000 m auf 6 000 m st
der zusatzhiche Rerz bedeutend grosser und es lasst sich auch eme deuthche
Dufferenz nact Beiden A uppen st der hyp he Effekt zwar
statistisch fik Jedoch mit den Normal deutlich ab
geschwacht

Diskussion

Die Untersuchungen bestatigen dic verschiedenthich beschricbene umtsale
Veranderung der Plasmaeiweisskonzentration unter Hypoxie (SUNDSTROES und
Micnaess 1942 Hurrapo Mermo und DerLcapo 1945 Asswsse und NIELSEN
1945 Du~er Pernow und Trisurarr 1958) In enger horrelaton zur Plas

s
maerwersskonzentration steigt daber der Hamatokrit und es st durcha
hen den Anderungen

hel d emen hlichen Z + e
h e

des Hamatoknt und der Pl X tration o
w die gefund Veranderungen mut den berechnete

q
eimgermassen  uberein  Stexgt wie 1m gegebenen Fall die Plasmaemeiss

o
konzentration von 544 g © auf 664 g °, sollte das Plasmavolumen um lfn{o
sinken und der Hamatoknt um 22 / steigen Der gefundenc Hamato

ansueg betragt 15 %
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Welche Prozesse sm Einzelnen den Anstieg der Plasmaerw eisskonzentration
veranlassen st unklar Es erscheint aber naturlich dass auch das Plasma bex
dem 15 °, 1gen Wasserverlust den der Orgamsmus wahrend der hypouschen
Imtalphase erlerdet (Prcon REATEGUI etal 1933} mmt betehgt 1st Diesem
Wasserverlust scheint eine Flussigkettsverschiebung vom Plasma zum inter
stuellen Flussigkensraum voranzugehen (Araourp und Lasarcue 1952)
Berm \Meerschweinchen hat weiter Histarmn offenbar eme gewisse Bedeutung
un\cr Hypc-“c 15t ein kraftuger H mm Blut nachwesbar der zur
Pl bzw zum H knt hoct k korrehert
st Amlhxstamm normalisiert  wemgstens teilweise die Plasmaproteinkon
zentration (Duver Pernow und Trisunarr 1958) Ber der Ratte dagegen
andert sich das Bluthistamin offenbar micht (hontrollen 0 004—0 040 pgfml
Blut n =3 Hypoxietiere 0 007—0044 sg/ml n = 3) Anuhi tamn (Pyn
benzamun 1 mgfTag 1p) st ohne sigmfikanten Effeht auf Plasmaciweiss
konzentration oder Hamatokrt

Eine intiale Hamolyse hegt sowest sie sich aus emem Abfall der spezifischen
Haminaktwvitat erkennen lasst micht vor VErzars Hypothese 1on Bikrubin
oder anderen Abbauprodul des H lobms als adaq Reiz der
Erythropotese findet also nach den vorl den Ergeb dieser allerd.
ziemlich groben \Methode kemne Stutze jedenfalls nucht unter dresen \'ersuchs
bedingungen Untersuchungen des Bilirubin unter Hypowe haben auch im
Hinblick auf emne 11 derte Leberfunk benfalls nicht eme
Hamolyse einwandfrer nachweisen konnen (VERzar ef al 1933 Merino 190
weitere Lateratur s Hirsjarvi 1953) Die Moghchkeit dass radioaktives
Hamin nachgebildet wird und damit die spezifische Akuwitat steigt kann
defimtiv verneint werden Bcr der Ronkurrenz der verschiedenen Synthese
prozesse um Glyan erhalt Hamin nur den sehr beschexdenen Anteil von 02—
03 9 Esentuclle fren bare Spuren radioaktinen Glyains 30 Tage nach
dessen Injekuon gehen entsprechend auch nur 1n emner Menge von 0203 /
mn die Hamunsynthese em und sind ohne jede praktische Bedeutung

Die unveranderte Haminaktivitat 48 Sturden nach einsetzender Hypowe
bedeutet weiter dass der Zirkulation wahrend dieser Zeit kein neugebildetes

Hamin zugefuhrt worden st Das entspricht auch dem etwa 48-stundigen
Intervall zwischen Begmnn des S und der Retikul
Zytose (Suxpstroem und MicHAELS 1942 Saarnorr 1920a Mertews 1937

MGLLER 1960) Aus derartigen Daten die Schlussfolgerung zu zichen (ErsLev

1929) dass dic Prolife der Erythrop: an den llen etnsetzt

und dass 48 Stunden not endig sind s ene neugebldete Zelle alle Teilungs

und Reifestad fen hat und 1 dre Zirkul gelangt kann jedoch
uug:mh sein Tels scheint emn verkurzter Ents lcklungs\ eg mut cinem un
Ut vom Erythrobl zum Ery yten b2y Reukulo

2yten moghch zu sein (WiTuscimsar 1927 Auz\ und Craxwore 1939)
talls scheint an allen fah Zellen b ders an den reifsten Zell
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clementen die Prohferation zu einem sehr fruben Zespunkt der Hypouc einzu
setzen {MoreLer 1960) wodurch sich das ery throporetische Genebe wahrend
der ersten 48 Standen mr Retkulozyten 1n stackem Masse avflad (Saaruore
1950 b)

Due vorhegenden Werte der Gcsam!hamoglobmmengc die aus esnem ar
kulierenden und aus cinem geweblich fixierten Anteaf besteht vermuttelt eine
gute Vorstellung von der hohen quantitativen Bxldungs!cmung die das ery

anamie der Zusatzresz mur esnen gentngen Lffekt hat
Die Frage welche Prozesse den Abstrom der resfen Blutelemente vorn
erythropoetischen Gewebe m die Zickulation stewern bzw wodurch es zu
dreser Zc]!ansammlung ' erythroporetschen Gewebe kommt muss offen
bletben Laszrroy Berener und Hanmuss (1959) versuchen eine betrachthiche
Ansymmiung von refany redfen Zellen 1m hnochenmark von Ratten 1-—2Tz ¢
nach emer Rontgcnbcstrahluﬂg auf den fehlenden Populationsdruck { growth
pressure ) der normalerwesse vorhandenen Jungeren Zellelemente zurucka
)fuhrcn Dyese Vorsteltung wird Jedoch von Srotwan (1960) abgelehnt Die

Stunden unter Hypoxie festzustellende Anstieg der relatnen Blutwerte s wd
durch einen Fhassighetsserlust 3m Sinne emer Hamokonzentration hervar
gerufen Gletchzerng stewgt die Gesamth: tob ge das gebrld Ham}:
globin blen gedoch 1m erythropotetischen Geywebe hegen und trat noch mic

m die Zukulation uber Eme hamoh tische Reaktion schent nicht Wf;“r
liegen Die Milz mit einem Gesacht v 1 ctna 03 g scheidet als Blutsperc fn
1 diesem 2 hang schon aus en Grunden vor vorn heres

aus

it m
Tele der Arbet wo d n my finanz 1 Lot rstutzu g du ch das Schwedische
k m te ausg fuhre
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From the Department of Physology Unnvers ty of Goteborg S eden

Cards lar Resp an “Diving” and
During Brain Shimulation in Ducks
By
Eric FrioL and Bjorn Forxow
Rec ved 21 June 196

Abstract

Feicr, E and B Folxov Card stascule respense n dog and
dn bra  stmul t nown ducks Acta physiol scand 1963 57 99
~—110 — The arculatory response m the d ving reflex as i
d cated by ¢h nges 1n heart rate of unanesthen ¢d ducks was found
to depend on more than the asphywa of submersion D wving
bradycardia was found to result from at least three factors these
wee

1 A speaific nervous eflex resulting from submerson of the
head. This first factor 15 the permiss € anl necessary factor for
estab! hng the dnng eflex  but t s strongly remnforced by
at least two other me hamsms

II The p ogresst ¢ hypercapma dunng the asphyxia

IIl The ncreas ng anova during he asphyx a

The interrelat onsh psofthes threef tors are briefly discussed St
mulat nofan a n the mes ncephalon n many respects clos ly

cs mbles ! speafic central permuss ¢ fa tor needed f r the
d g fex

A second a n th dencephalon was found f om which chol n
eg asodl tor fibers to the muscle vascular bed could be acuvated

Profound cardiovascular changes form one of the promnent aspects of the
response to submersion extubited by many aquatic anmmals The reflex brady
cardia 15 an especally sinking phenomenon Both dning mammals and
deving bards show a pronounced slovang of the pulse + hen submerged Diving
n mammals has been revier ed by Inving (1939) The cardiovaseular changes

upon sub: of birds lly the brad dia have been studied by
Scioraxper (1940) and Lutassen (1960)
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This study was carried out to nvestigate the relationship of some of the
factors which are involved n the onset 1ntensification and clinination of the
cardiovascular response dunng submersion mn bieds In Part I the ding
response in unanesthetized ducks was studied In Part II an attempt was
made to mumic the responses seen mn the unanesthetized ammals by productng
topreal mi phal 1 mn hetized ducks

Part I Development of bradycardia in the ‘diving reflex’ of ducks

Metho! Thirteen adult white common domestic ducks ( {nas boscas) were used Atra
cheal cannula was inserted using Jocal anesthesia and arranged so that resprratory valves
and a resprratory pump could be attached to st Special care was taken to keep the respird
tory dead space as small as possible always less than 3 ml A fixed stroke volume respiea
tory pump of the Starling type was used and adjusted i rate and tidal volume to ap-
proximate the normal quiet breathing of the bird Vhencyver compar: ons were made
using the resprratory pump the stroke volumic and rate were kept canstant throughout
the expertment \arsous gas mixtures were made up unng a  Contimeter  gas flow
meter and were kept 1n plastic Douglas bags Ihe bags could be connected to the
inlet of the resp ratory pump or fo a onc way r spiratory vale and thus 0 the ducks
trachea A standard ph (Llema Sch d r M h) was u
10 record the heart rate In most ammals the respiratory movements were also recorded
by 2 pneumograph coniccted to one of the channels of the \Mingograph

The duck was placed on the espenimental table facing a basin of water so that 1t¢
head could be dipp d under vater leaving the tracheal cannula above s ater This

rrangement perm tted various resp Ty to be p Iy 1th the duckn2
¢ Jdwing (head subme g d under water) or head up poition The dning pen
usually lasted | to | 5 min and was sta idardized as far as was possible

Because ducks vary quantitati ely — though not qualnat ely — 1o therr respon ‘,,
to submersion the experniments were de gned so that comparnsons were made an)l'
v ithin indiidual ducks 10t between ducks In cach duck two or fmore experimenta
proc dures were conpared The experim ntal trsals were repeated in an alters aung
fashion so that any long term cffects of th e p ocedure cancelled out The results of the
various tral n a single duck ere averaged and compared using Stufents test

d a

Results The onset of bradycardm after submerging the duck s head haﬂe
h

characteristic pattern There was an immedrate reduction 1n pulse rate at
moment the hexd was placed under water This immediate response \\ﬁl‘
usually of the order of a 20 © reduction sn the heart rate After the impal fal}
the pulse rate ccntinued to decrease unul very low valucs were reached Y
the duck moved or struggled during the dive the heart rate often decrease

1n a small step after cach brief bout of moving Representative ume coursc;
of developing bradycardia are llustrated by the unbroken Itnes 0 Pg 1 ad“

2 Different ducks varied greatly in the extent to whuch they developed br:lui’l
cardia upon submersion There was also considerable variation 10 the :“w;\s
bradycardia response from duchk to duck The bradycardia ol’:u)u;lcr:: it

promptly broken when the head « as raised from the water and ¢
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breathed again The increased heart rate developed 1n the first oue or two
beats immmediately after the dive was over and was often more rapid than the
control value

The bradycardia of submersion was not due to simple asphyxia This was
demonstrated mn the followsng way Ducks were subjected to a 1 mnute period
of asphyxia either by dippmng the head under water or by occluding the
tracheal cannula with the head up Simple respiratory obstruction with the
head up gave some fall 1n heart rate but the extent was far smaller for a
given persod of asphyxia than when the head was submerged Further resprra
tory obstruction did not cause the sharp inttial decrease in heart rate een
% hen the head was dipped under water Fig ! compares a 1 minute pertod
of asphyxia caused by tracheal obstruction v ith the head up and a similar
period of submerging the head under water for a representatine duck The
average heart rate n this duck after one minute of tracheal occlusion felf from
260 10 156 The average rate after a 1 yunute submersion fell fiom 273 to
18 beats per munute Thrs difference 15 highly sigmficant (p < 0001)

The important role of submersion as distinct from asphyaa was also shovn
by submerging the duck s head for a minute or so and then raising 1ts head
but preventing 1t from breathing by having the tracheal cannula occluded
When this v as done the heart rate mereased as soon as the head came out of
the + ater It rose to about 75 / of the control value 1athun one or two beats
When the airway 1 as opened the pulse rose to control values or lugher This
agan indicates that submersion atself not just asphya 1 as important 1n the
deselopment of bradycardia in  diving unanesthetized ducks

If asphyaa with the head above 1 ater gnves very hittle bradycardia does
asphyxia play any role in  diving  bradycardia® Thus question was examined
i the expenment shown 1n Fig 2 In this expertment the duck s head 1 as
submerged as wsual but on alternate submersions the ammal was artifically
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ventdated wath asr duna, the die In seven submersions v 1th aruficsal
Tespiration with air for one minute the Ppulse rate decreased from 300 to 201
Seven submersions with asphyxsa for one mimyte gave an average final value
of 43 This 1s 2 huighly significant diffesence {p < G001) The moderate imual
bradycardia was accenmated by asphyxia Thus demonstrated that not only
was submersion mportant to the development of bradycardia but also that
the asphyxia of submersion was an 1mportant factor potenuating the smmediate
bradycardiac response

It then remained to be smvestigated which aspects of the asphyxia 1 ere
most impartant the lack of axygen or the accumulation of carbon drovide An
expeniment compianng the effects of anovs versus carbon dioxide 15 dlustrated
m Fig 3 The duck s head was dipped under water and dunng the submersiod
the ammal was aruficually venulated On alternate runs the gas auxture used
way pure mtrogen and the other 2 muxture of 20 ¢, CO 80 °, O, The com
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bined effoct of submersion and anowa but without the accumulaton of CO,
v as demanstrated \ hen the duck was ventdated with pure N An mutial
decrease was seen upon submersion but the subsequent fali 1 heart rate was
small decreasing from 220 to 155 after 1 rmaute When the ammal » as ar
uficrally resprred v 1th 200 CO,m Oy during submersion beart rate decreased
from 217 to 48 after | runute This s a haghly sigmificant difference {(p < 0001}
To llustrate that carbon dicvde accumulation seems to be more important
m potentating  the wutal  diviag  bradycasdia than ancwa per se the
followmg expertment v as performed The duck 3 as forced to “dne  for
a munute and at the moment of the dive the tracheal cannula was occluded
Dunng the last 10 sec of the submersion the tracheal cannula was opened and
the lungs v erc artificaally ventilated with exther 100 °, nitragen or 10—20
carbon dionide 1 ongen  Ventlation vith nurogen which nwould enbance
the prevathing hyvpowia but v ash out the accumulated CO, almost immedaately
nereased heart rate at che first filhng of the lungs Artificial ventdaton v ath
carbon droude 1 oaygen s huch would or ag te the hyp p
but ly el the hypoxia 1ty did not pt the ntense
bradvcard after 2 minute of submersion.
Anowia also 15 of importince This v as demonstrated i a shghily different
sort of experiment The duch was made to breath varons gas mextuses from
Douglas bags spontaneously for a 30 sec peniod before submersion Fig +
demonstrated the Tesults of 2n expenment i wiirh the effects of 2 10 ¢,
CO, in O, nuxture \ ere compared with a 10 %, CO m \, muxture 10 uch
a prebreathimg experiment After prebreathing with 10 ©, CO, 1 oxsgen and
submersion for 15 sec the heart rate fell to 147 Prebreathing with 10, CO
wm N\ 1o g e anoua folloned by 15 sec of submersion gave a heart rate of
93 This difference s tughly sgmficant (p < 0001) The expenment dem
onstrates that anowa with €O, 1s a definitely stronger stmulus for bradycardia
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than just CO, Fig 4 also d rates that st P with
gas nuxtures contamnng CO, or even CO, 1n N, for 30 sec slows the heart
very hittle in ducks Only a shght bradycardia was found even when the ducks
were made to breathe such mixtures for a mmnute or more as long as ther
heads were up Addition of 2 dive produced an immediate 1ntense brady
cardia

It should be pomnted out that the results have been presented as a series of
representatinve experyments in individual ducks The differences were not
always as great as those illustrated On the other hand the differences were
always found to be mn the same direction The experiments were repeated 1n
a number of ducks often with different time intervals and shghtly different
gas concentrations but in principle the results were the same

To summanze submersion of the head produces an immediate moderate
bradycardia which 1s much ac d by the gradually developing asphyuz
Both the anoxia and the hypereapma are of importance m potentiating the
imtial dwving reflex response  Anoxta and hypercapmia without submersion
have httle wfluence on the heart rate Hypercapma appears to be of more
dominating 1mportance than anowa 1n potentrating the bradycardia

Discussion The present findings are 1n agreement with the previous literature
describing submersion bradycardia in ducks A fall i heart rate of 50 © o
more was usually seen to develop m the first minute of submersion The sharp
1ninal decrease 1 the heart rate of about 20 % withmn the first few seconds
of submersion ts evidence that submersion ger se 1s an rmportant factor 1
producing reflex slowing of the heart since the degree of asphyxia within a few
seconds must be quite small The importance of submersion sn the ability of
duchs to withstand asphyxia has long been recogmzed Also that ducks develop
a more pronounced bradycardia with submersion than with tracheal occlusion
has been previously reported by Huxiey (1913 ¢) who reviews the earher
hterature

These results appear to indicate that the development of bradycarda 18

dring  ducks 1s dependent on at least three factors The first factor 15 3%
sociated with submersion of the head This may be considered a5 2 speafic
central nervous reflex which results from submersion Probably a number o
modalities contribute to this central nervous reflex which 15 associated nith
submersion of the head Huxtey (1913 a b) and Patos (1913) have presented
evidence that the labyrmths and proprioceptors mn cervical muscles are s
portant 1n the duck s ability to dive Certamnly the present procedure ul‘dlpl’"‘xgt
the head would stmulate receptors i labyrinths and cervical muscles g
abso seems likely that receptors in or about the respiratory tract are xmoltcd
as the diving response can be elicited by tipping the ammal shghtly on 2 boﬂ'u
and submerging only the nares In any case it would be expected that thc;tch
a wealth of scnsory wnformation avalable to the central nervous system A ‘ml
could result 1n a speafic reflex This reflex 1s all important to the developm
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of diving bradgcardia since a marked slowing of the heart wall ot occur
wathout 1t even 1f a severe asphyua 15 produced

The second and third factors are concerned with the asphyxia of submersion
The results indicate that 1f the first factor the specfic central nervous reflex
15 present both hypercapmia and anoma contribute to the arculatory adjust
ment as measured by the extent of bradycardia Hypercapmia and anoxta
may thus be considered potentiating second and third factors Hypercaprua
appears to be the stronger of these two factors but the combnation of hyper
caprua and anowia gave the strongest effect by far

Part II Cardiovascular effects of brain stumulation in dacks

M thad Fifieen adult hite domestic du s (Anas b as}  ere used The du ks were
anesth 3 ed with p ntobarbital 30 mg/kg body v ght ntraven usly A tracheal
cannula  as inserted and varou resp atory proc dues ere carmned out as n
Patl

The kull was op ned th a dental dnll and th h ad pla d n a Horsley Clarke
st reotaxac app atu  The v ual t reotaxic instrument used for ats was modifi d
Sghiysoth tth duksh d uth tslateally plaed y could bea ommodat d

eohns ntal plan  as hosen2sth Ln b twe ntheea ba and the nfer or
m ginofth nfao bit I ndge tth most ant o  orner of the ey  The electrodes
were postoned in th bran for 2 ute mul uo withth ad of a p ¢l minary ste eo
tau m pofthedu k ban Th mapwasp ep edfomsection fred withf rm 1n
asin The umulat d ponts we ¢ dentified nd ma ked n the map (ce Fg 5)
o h twology as done

Electrolyt cally harpen d st el monopola e! ctrodes nsulat d with sp c al elect ical
mulatng v rn h wer used The usu ! procedur was to use pa ed el ctrodesst mu
laung the s me reaof the brans on both sdes R cathodal

timulas on wer del vered from a Grass mod 1S 4-A nmulator The usu 1 sum alation
cha a ter ties ¢ ¢ a frequen y of 70 per sec a pulse duration of 2 mse and between
2 nd 3 ols del ered to th ele trodes n p rallel

Hopa n 25 mg per kg bodv weght v as g1 en and blood pressu
g

was meas ed
me cury manomet r from the wing art ry of the duck. Blood flow { om the
h dlegofthed k asmeasured m th fmoral enand turned via th yugular
ven The ¢ reulation below th ankle was in most experiments completely excluded
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by a very tiglt rubber tournrquet so that blood flow i the femoral vein was pre
)pondtra(ed from the limb muscles This preparation 1s here described as a muscle
/'flow  though some small fraction must come from the skin of the thigh Licod flow
‘was measured 1n a transparent drop  hamber filled 1 ith silicone ol (LINDGREN 1928)
The drops were counted with a phatocell drop counter \ hich activated an ordimate
writer so that the height of the ordinate was proportional to the period between drops
(Cresevtz and Rypere 1949) Thatis ¢ | oght of th ordinate tscribed 15 1%

verscly p oportional to flow Heart rate was d using an Ged
(Elema) connccted to th other wing artery Arterial pulsat oms were then reco
at a fast paper speed ustng 3 M. ccorder Rosy nts were

momitored using a pneumograph recording on tt ¢ Mingograph

Results On exploration of the base of the bramn using stimulating clectrodes
two areas were found which gave stnking cardiovascular effects These are
shown 1n I1g 5 as areas A and B Arca A 15 in the mesencephalon and are3
B 1s 1n the diencephalon both areas are near the midiine The stimulauons
were mast cffective 1 hen the electrodes were 1 to 2 mm lateral to the mid
sagitial plane Areas caudal to the mesencephalon were not explored "

Sumulation n area A resulted 1n a rise in blood pressure a marked fal
1n heart rate and an mntense vasoconstnction 1 the muscle bed Upon stim
latton the bird stopped respiring and remaimned apneic until the sumul.zug;n
was stopped Repr p are 1l 11n Fig 6 parts A an o

If apnea dunng these sumulanons + as prevented by artificial rtSP‘r"d
with air the cardiovascular responscs were greatly changed The brady
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cardia did not develop and the musele vasoconstniction was absent or greatly
decreased The blood pressuse increase was not great This s aflustrated
Fig 6 part B When apnea dunng a sumulation was prevented by artificral
sespiration wath 100 & N, ot muxtures of O, and CO  contaning as much
a5 20 9, CQ m O, the cardiovascular effects were greatly reduced (see parts
cand d 1n Fig 6) When the birds were artficially ventitated with a mixture
aof 209 CQ, 80 © N dunng a 1 marked cardiovascular changes
were seen A pronounced bradycardia and muscle vasoconstniction developed
and a rise in blood pressure was observed Ths 1s 1ifustrated m part E of Fig
6 The extent of these changes was of the same magmtude as when there was
rt artificial respiration so that the wpnea caused by the sumulation was mam
tamed Compare pasts A and E of Fig 6 It should be stressed that these
arrculatory changes are not only due to the mhalation of a mixture containing
CO and \, because spontancous resprraton of 20 © €O §0 °© N, for
one mutute did nat result i much change mn the cardiovascularyanables e
corded Simple asphvxia docs not produce the marked chan.es observed
dunng stimulation as stustrated in part F of Fig 6 This agam ponts to the
importance of the mesencephatic stmulation

The cireulatory response to sumulation 1 area A could be nearly stopped
during stmulation 1f the bird was given a few breaths of artificial respiration
This artificial resprration was usually not effectve i breakine the response
1f the gas muxture contamed 10 per cent or more of CO  Artificial respiraion
with nttrogen on the other hand would greatly reduce the response as v as
observed in the anake ducks dunng  dnang

Sumulation in arca B 1s of some interest as st resulted 1m a marked 1ncrease
wmmus ! blaod flaw Charactersstically the heart rate increased somes hat and

the bleod pressure ro ¢ R during the it vaned
stowing or b g Jar Atropine prevented the
it Fig 7:l an m which this area was stimu

fated before and after awopine The blood pressure nse was enhanced and
the heart acceleratton still remawned after atropine

In summary sumulations in area A m the mesencephalon resulted 1 com
pletc apnea accompanied by a rise an blood pressure pronounced bradycarcha
and a strbung asoconsinctson 1n the muscle bed Th response could be neasly
chounsted of the apnea s eve pro ented by arnfical respiration vath ar
Vennlation dunng the vath a gas muxture contarung CQ and
N did not prevent the response Asphyxia alone dsd not mumuc the centrally
nduced response After 1 circulatory response was 3 ell established by stimu
fanion 1t could be greatly reduced by one or two breaths if the gas used did
not contain CO

Sumulation 1 area B tn the diencephalon resulted 1n an mntense vasodilator
Tesponse in the muscle vascular bed 1 hich was blocked by atropme leaving
other parts of the cardiovascular response hule changed




109 ERIC FEIGL AND BJURN FOLROW
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Discussion. Sumulation of area A 1n the brawm resulted complete apnea
marked bridycardia  strong muscle vasoconstriction and a rise m hlood
} pressure. This cardiovascular adjustment generally resembles that seen mn the
diving refiex of ducks with some exceptions The initial sharp decretse heart
rate seen when the head 15 submerged 1s not seen when the meseacephabe
sumulation 1 turned on This does not appear as a large discrepancy simee
1t 15 unlikely that a gross sumufation in the brun should be able to exactly
mumic a delicate physinlogieal state 1 the brain On the other hand the
bradycardia ehated by sumulating in area A resembles the bradycardia of
submersion 1 many other respects  Diving  bradycardin + 15 seen 10 be
dependent on three factors in the first part of this report They were 1) 3
speafic central nervous reflex resulung from submersion 2} the accumultim
of CO 1n the resulting asphywa and 3) the anova of asphyua The results
an part Il sugeest that a sumulation m area A can 1 some respects substitute
for factor I (the speaific central nervous reflex) 1 the development of brady
cardia 1n anesthetized ducks
Marked bradycardia could not be chicited from unanesthenzed ducks by
asphywa unless the head was submerged Simple asphyvia or breathing mis
tures of CO, and N, did not 2ffect the cardiovastular system much w uft
d ducks as sndicated by the heart rate The same was true for
anesthetized ducks where heart rate Llood pressure and musscle blood flow
were measured Only when topical mesencephahic sumulation wis present
with asphyxia were sharp arculatory changes observed In unane thets ed
ducks the ceraral nervous reflex was evoked by submerging the head 10
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anesthetized ducks this was dore by stimulating m area A The correspondence
between the vanous factors imvohed m the development of bradycardia 1n
part T and 11 of this study are 10 good agreement The relatne effects of hyper
capa and anowa scem to be very nearly the same dunng submersion or
stimulation m area A
“uscle yasoconstnction duning dwang has heen reported 1n ducks and other
duwing bueds by Scuoraxoer {1940} uung senal lacte acd determunations to
enaluate the changes m muscle blood flow Errassen {1960) vang lactc and
determmations and a heat loss techmugque to evaluate flow did not confirm
Scholander s finding of muscle iction during sub m dring
burds Scholander a ced Eltassen s 1 a later paper (SCHOLANDER
et ol 1962) Jomasse~ and hroc (1958} observed muiscle vasoconstriction
dunng submerston 1 ducks ustng a \enous ooclusion technique to estimate
blood flow Muscle vasoconstriction dunng diving has been reported m a
number of other specics and 1 rey wewed by Scuoraxper tal (1962} Desprte
some evidence to the contrary 1t seems most likely that muscle vasoconstnction
s part of the dnang reflex in ducks The muscle vasoconstnenon ehated by
sumulation sn area A appears consitent with 2 diving response
The erease m blood pressure observed dunng stimulation i area A 1 not
m perfect agreement vith what has been recarded 1 diving reflex of birds
Jomassen and haros {1928} measured femoral artery pressure mn ducks dunng
submersion and found that artenal pressure was mamtained A sharp nise
pressure was not seen BLiAssEY (1960) measured ariertal pressures in a number
of dining birds and also found that the blood pressure 1 as mamntained but
did not observe sigmificant mcreases an blood pressure but some of his records
do show a small mnerease in pressure dunng the dne While the merease in
blood pressure seen 1 ith stimulation n area A s probably greater than is
expected with diving st 1s signeficant that despite a marked bradyeardia the
artenial pressure does pot fall Severe bradycardia without a fall s blood
pressure s indicatne of 2 speaial sort of cardiosascular adjustment which s
found 1 diving and also 18 charactenstse of sumulations 1n area A The blood
pressure responses duning these L are th m general
with + hat occurs w2 dine Further stud es ineluding ablaton procedures wilt
be needed to establish the role of this area i the dwang reflex of ducks
The results of smulatson 1n srea B 1s of some interest as 1t 1 several respects
morkedly duffers from that eberted from area A On sumulation of area B o
p enounced dilatation of the muscle vascular bed was ohserved which 1s most
casly interpreted as actnation of chobnergie dilator fibers This effect 1
selectively blocked by atropmne as are the chobinergic dilators wn other species
Thas muscle vasodil: 13 b with a kb 1 othes
parts of the cardigrascalnr ssstem a8 indieated by the cardiac aceeleranon and
the blood pressure nse The cholinergic vasadilator system has been extenstely
oo ed by Lvaas (1960) Anranaws Huron and Zmrozysa (1960) have
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studied the reaction pattern which accompames central nenous system
activation of the muscle vasodilator fibers and equate this with the defence
reaction The present study provides no nformatian as to whether actne
cholinergic vasodilatation 1s part of the defence reaction in ducks but the
respanse pattern mduced from area B 1s closely similar to the defence reaction
of the cat In fact 1115 not at all clear what the defence reaction 1n ducks might
be There are certamly situations of alarm where a dving bird wdl dive
caling for the dng reflex  and situations Where st flies away where the
cardiovascular pattern produced from area B wonld seem more sunable

Tt st1ly was supported by a U S Pibhic Health Sen ¢ Postdoct ral Fellowsh p (HF
10627} and Grant H 5675 and the U S Sclool of A aton Mediane Grant AF EOSR
6147

AB Hasle Goteborg S veden has generously cover d the expenses for the mploym at of
a technician
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Dissociation of Contraction and Stimulauon of
Lactic Aad Prod m Exp son S h Muscl
ander Anaerobic Conditiens
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Abstract

Luvosory L and F Mome Lovonors Dusoral o f ontroc

tonand tobt m f1 b 21 poduct n onexpmment nsmpoth mugl

nder a we b ndirns Acta physiol scand 1963 57 1I—32%
In expenments on bovine mesentenc arteries under ana robc on

d tions tont: p pMot ng SFULS ave i ¢ o comt act on and o angmen

tation of the lacte ad p educton Under cenzn expenmental
condtions t a8 pass bl o dissoe ate thes eflects In the presence
of glucare o hvdroergotarune sele tnely mh bt d the cont actfe
eff et of ad enatn v Gout wfluenang 15 sumulatory effect on
lacuca dp od tuon Replacementof the Tyrode olut on with 6 per
centdedt an oluz on esulted nselect ve atubition of th contracute
et 15 of adrenal ne and hustamine but d d not wmterl ¢ with the
stmulaton  fth lactc acd produ ton Potassum on select ely

trmdated th cont act je p acess while the fact  acd product on
Q= nuhed du ng the cont act on pha epe se Onsubstrat <deplet d
at almus | porass um tons had a mo e p oneun ed st mulatory
fle tthan ¢ @ ady nabe htamn o dbanum s 1t ts assumed

that despt th o tion of the cont acule effects of 1one pro-

ot ng drugs to th st mulat on of Jactic 2 4 p aducton these two

fa tors ase aeinated by & parat me hansms

In an carher u the enargy bab

e wrth 1sotone con

traction of vasculas smooth muscle s a5 caleulated from the lactic aad produc
ton vnder anaerobic condimons {Luvonoiy and Mouse Losowory 1962 a)

A conspicuaus corvelauen emerged between the magnitude of contraction and
e smulauon of Jacnc acid production resultng from addion of varsons con
tracung drugs as & elf as from el { i With sub

1t
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Table I Effect of adrenzrgsc blocking drugs on the stimulating action of adrenalne (1 10-4 ¢ ery

Drug conc Glucose Duration n Difference n lactc acd
pereent [ mn production {mg/100 g)

Adr Control Drug Control
DHE 0 45 9 135+ 42 114 46
{1109 P<005 P<00
DHE 05 120 7 794 57 164+ 101
(1 10-%) P<.001
D brnamune 05 60 7 403211 6L 173
{1 109 P<001
D benam ne 05 60 6 3274125 -260+ 53
(5 107%) P<oO0t P<001
Tol ol ne 05 120 7 9164233 —4184311
(1 1074 P<001

ar 1th depression of the carbohydrate metabolism by rlycolysis intubiting agents
the contractile response was absent Stumulation of the lactie acd production
comncided with contraction and ceased when the muscle had attamed a certain
degree of contraction Quantitative estumation of the lactic acd production
mndicated that contraction of vascular muscle required substantially greater
energy than did the corresponding process i strated muscle This observation

) led to a study of the bol of phospk p ds 1n vascular muscle
during contraction by adrenaline whereby we found that the muscle quantita
tively unhzed those high energy phosphate compounds whase formation was
assumed to result from stimulation of lactic acid producuon (LUNDHOLM and
Monse Luvonory 1962 b)

The investigations pointed to a very close correlation between smooth muscle
contraction and stimulation of the lactic acd production under anaerobit
conditions and d that this 1. may have been secondary 10
the contractile process — The present expermments indicate howeser that
the tvwo effects are dissoctable Thus the lacnc acd stmulation cannot be
considered secandary to the contraction on the contrary the tv o reponses are
assumed to be clicited by actvation of separate mechamsms

Methods
dental d on of the Ja tic ac d production

bo me mesentenc art nes were us d Approximately 15 mn afier slayghter a0 37
with 2 untform diamet r of 3 5~4 mm was dissected free and 2 segment rcm(:! ;rng‘l
1mersed 1 1ced Tvrode sofution About 60 min fater the segment ua.wg;”;m hick
wse and specimens 10—17 mm long 15 mm wide and approamat Iy DB et
were prepared Following careful removal of the inuma and dryng wit

In the exp entailing
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Ioth aun} on tone and Is hie ac d g odluct n [ mesenieric ¢ tory

D flerenc 1n lactie od DM enc nton {mm} at end of experiment
prod ction (mgftiD g}
Ad drog ~ Drug} D 1~-3 Adr-Contr § | Drug Costr 1 Vde drug ~ Drug
11~ 36 125% 49 27 £053 0362079 820 =031
P<0Oy P<pOlt
5% 68 ¢33+ 37 16”025 D91 4 0.6 030 £ 0.26
P<g0l PLOWN POl
198 63 240k 74 1764026 ~051 4 029 016 £ 024
P<oot P<o0t P00t
03 99 3354128 3412039 00t 2 027 00" & D26
PO Papot]
BTES T 7386-312 40 L Q45 15 036 05 402>
PO P <008 P<oot

the p eparat ons were weighed and mounted o plastic frames 1 hereby the Joad was
eseply distributed ov  the whole urfa ¢ Chanes of length i the duwect on of the
@ cular myscle ibres were scorded by watomc pen with a load of 10 ¢ and a rat o of
1 10 The changes are her grven 1n mm n relatian to the intal lengths of the prepara
tans The orgaw baths conta ned 20 ol suspenvion salutan at 38 C acrated with ™\
Glucase v as added as indicat o 1 the tet The lactse sad p oduct on v as determmed
by measuning both the change © the Jact acd content of th muscl dusiog the ex
Periment and themn eas of fachic and content n the suspensionsolut on Thelact cand
cantent v as det rmuved ad modum FReepEMany and Grazser {3933 1+ 1th 1he wod fica
tions reported by Mo Lusorowst (1933) D fferences nlactcacd p odacton a ¢
sefe 3b} to pr parations | om the ame essel

Sum per cent dext an {Pha ma a) was prepa ed [ om sol d substan ¢ with distl d
watwr and had ac ord ng to the makers a collowd osmotr pressu of pproumar Iy
30 oo Hg

The modes of p ocedur b th  nd wdual nuns of p m At w e as follows

In th <pepments wth 2d n bt 12 propaanons e taken fram th  artery
spec men 6 of them v petratdfo 30mun ¢ d Tyrod olution onta ang the
velevant ad nalt drue T o unreated and tvo tr at d prepa atons  ere then
wken for  cv¢ acd assa (nial p paaton th others wer mounted 1 0 gan
baty half of v h h oman d an adrenolyt  drwg To t o of the t eated and 1 o of
the uatr ated p pa atcos d enalne 2 10~ asadded € ery 30pun Ont rmunat on
OFthe exper o nt the p parat ons and suspens on oluton e assaved fo fact  aad

Inth  xpenments « th d £ a1 s x p cparation mougted n glu ose fr < 6 per
cent devtran oluton and anath 6 mglu os [ < [yrode oluton Ih v minutes
late ¢ op paavonafom b group of 6 e tak 0 fo & term nar onaf thean fa)
lacic acd one nt ndth usp nsonmed umof th othe 4 as eplaced nth dexwran
or Tyred s luton ortanng 05 per centglucose E3h  ade nabin 2 1046 hustam
we 5 10~ a3 add d 101 o of the 4 p parations 1p each group Arer the Japse of
another 38 mn th p epa aton were  maved fo assay

From the st neswih A Ty d ¢ o p eparaton + ere taken for det frunauan of
thentallat a d ont t alierwh chfour weremounted nglu ose © eR Ty odeand
8633015 4¢ phy ( nd § LS
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four mn glucose free Tyrode solution Two hours and four hours later the lactie aad
production was determined 11t 0 of ez h group of 4 The preparations i the second 1
Tyrode senes were first mounted in glucos free Tyrode solution  After J0 min two
preparations were assaved for the imitial lactic acid content, and the others soluuons
were changed h Tvrode containing 0 5 per cent glucos 1 as added to 4 prep rations
and Tyrode solution s 1th 0 5 per cent glucose to the other § Lo + of the latter adrena
line 2 10~* was added exery 30 mun  After 15 rain half the preparations were remored
for assay znd after 120 mun the rematmng preparations were assays

In expertments on human wmbilical a 7y a segment of umbilical cord was immerted 1n
1ced Tyrode solution a few mnutes after nrth of the donor Irom this segment artenal
speamens about 20 mm long s ere prep and therr } dinal recorded
by otomic pen with a load of » g The supension mediumwas’T rode solution contzin
g 01 per cent glucose and zerated with 9 o per cent O, and 65 per cent CO.

Results

Effect of Adreralytics on the Lactie Aad Stomulatin, and Contrachle Actions of Adrenaline

Che first series of experiments + as designed to establish whether adrenalytics
mlubited to an equal degree the contracule and the lactic acid stmulatn
effects of adrenaline The expeniments were performed on mesenteric artenes
under anaerobic conditions 2nd the ~drenoly tics used \ ere dihvdroergotamire
{(DHE) dibenamne and tolazohne

For the operang run of experiments with DHE 2t a concentr.tion of 1 107
glucose free Tyrode solution was used DHE per s sumulated the Jactic and
jproduction but had no demonstrable effect on the tone (Table I; Tt caused
almo t total inhibitson of both the lacuc ac/d stumulating and the contracule
affects of adrenaline Smce under the gnen expenmental condwons e
capaaity of the wuscle to form lactic acid may well have been firmted by

t defi P were abo performed 1 Tyrod  soluton
containing 02 per cent glucose. DHE again sumulated the lacuc aad pro-
duction but this time inhibited the tone The contractile effect of adrenahint
was almost campletely suppressed {fig 1B Table I) whereas ats lactc acd
stmulating effect 1 as unchanged Adrenaline ncreased the lactic aad pro-
duction by 279 -~ 57 mg 100 # 120 mun m the absence of DHE as com
pared to 27.5 — 6 8 mg 1 the presence of DHE Under these condions
therefore DHE selectnnels mhibited the contractile effect of adrenaline s 1thout
1nterfering with 1ts sumulatory effect on lactic acid production :

In expenments with 0 5 per cent glucose dibenamine at 2 concentration 7
1 10~* shov ed a sumet hat sumlar behavior m that adrenlire s mmracul
action was totally suppressed while 1ts lactic acd sumulatung effect + as unEV
partially blocked and remained swatsucally venfiable (Table I} — \Immcd
Loprowst (1952 1o experiments on 1solated rabbit stomach had obsers “
that dibenamune at a concentration of 1 10~ changed the contractile di;,man
adrenaline 110 a relaxing action but fated 1o affect adrenatme s sumu ::n:
of lacuc 20d production — At the higher concentration of 3 10+ dibenan!
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completely whibited hath the tone promotmg and the lactic and stimulating
actions of ad fine an add: 1o d the mtal sy wcrease
of the muscle tone (Fig 1\* Ten snutes after mounting the difference be
tseen the tone of the control and that of the dibenamme preparatioes was
117£037 mm (n= 12 p <001} The basal lactic acsd production was
also depressed by dibenamme m this senies — an effect that + as detectable
even at the Jower dibenanune concentration {Table 1)

Tolazoline at a concentration of I 10~ practically suppressed the contractile
and lactic acid acuans of ad 1 The drug stself enbanced the
rascular muscle tone (Fable T

Mechanssm of Tonus and Lactic 4ad Iakabwin, 4 tions of Dibenamune

The mbubion of tone and the depressian of lactic acid producton by diben
amuae at a concentration of 3 107 showed a quanitatne relationship corre
sponding o thar earber demonstrated between lactue aad production and
tomractton {Linpiorn and Monye Luvowots 1962a)  These previous
=xpersments had shown an average of 23 0 for the lactie acd production 1n.
mg per 100 g assue per mum of contraction 1n the presence of 0§ per cent
glucose In the dibenam ne expenments the lactic acid production decrcased
by 225 mg pe 100 g per mm of postulated contraction Henee the effect of
dibenamune on the lactc acid production 15 Iikely to have been due to blocking
of the spontaneous musele contraction
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Bouine arteries contain approxumately 1 0 ug noradrenaline per gram tissue
(SciparerLow 1948) The question thus arose whhether the release of noradrena
Ine from the depots could bave been responsible for the spontaneous augmen
tation of tone Had this been the case, dibenamine mught well have exerted its
effect by blocking noradrenaline Expeniments were accordingly performed on
human umbibical artery which has no sympathetic innervation and contans
no noradrenalne (EuLer 1946) Preparations from such artery underwent
spontaneous contraction when transferred from 1ced Tyrode solution to the
same solution at 38 C The effect therefore was probably attnbutable to
temperature changes — a factor which may have an appreaiable influence on
the tone of 1solated vascular preparations (Birer 1944) Isolated umbilical
artery also contracted on administration of the drugs tested in this and previous
investigations (Luvpuory and Monse Lunonory 1962a) 1 e adrenalme
Iistarmine  acetyleholne  banum tons and potassium 1ons It seems libely
therefore that the relevant contractng and relaxing agents acted durectly
upon the muscle cells and not via hberation of noradrenaline from the mesen
teric arterles

Dit also inhibited the sp of 1solated bovine
trache1l muscle Since noradrenaline relaxed this tissue 1t was probable that
dibenamine at the higher concentrations had had a more general spasmolytic
action upon tone increasing sumult Furcnoorr (1954) too has demonstrated
such an action

Effects of Adrenaline and Histamune upon Lactic Aerd Production sn Destran
Solutron under naerobtc Condttions

Bozier (1959) ohserved that smooth muscle rapidly lost sts respnsmity
n pure saccharose solutton unless caletum 1ons were present Ve studied the
effects of adrenaline and histamine on the lactic aad production and tone of
vascular muscle 1n a suspension sofution of 6 per cent dextran 1n Ny Although
this solution was hypotonic 1n refation to the muscle the latters weight ¢4
not sncrease when 1t was transferred from the iced Tyrode solution 0 the
dextran solution After 60 mn 1n oxygenated ghicose free dextran solutton at
38 C the weight had decreased by an average of 11 per cent (n=6, S’
compared to a corresponding value of 22 per cent 1n Tyrode solution at 38 .
Thus the wemght reduction was less in dextran than 1n Tyrode solution lg‘
was remarkably small These results like those of Boztrr and Lavivy (1928)
suggest that the electrolvie osmotic pressure 1s not the only factor gorermng
the water content of smooth muscle

In dextran solutcn  ne run of expenments was conducted witl
and one with | Concurrent exp nts 1n Tyrode solution .
controls The results for tonus are shown 1n Fig 2 (lustamune expenmen
and for lactic acid production tn Table 1T

11 adrenahint
erved 25

)
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Table 111 Effect of Ma Tyrode and A Throde on lactic aced prod ton (mg per 100 g} of
mesentenic arteries Tyrode without glucose

Na Tyrode ¥ Tyrode
0—120 mm 0—240 mun 0120 mn 0240 mun
514444 5484110 544459 59094

D fference N Tyrode — Na Tyrode 0—~I120 mn = 31+ 45
K Tyrod — Na Tyrode 120240 rmn = 124+ 129

The control preparations had sn dextran solutron a lacttc acid production
aeraging (n = 14) 63 per cent of that recorded 1 Tyrode solution the
reduction was statistically sigmficant (Table II) Both adren iline and histamne
however appreciably stumulated the lactic acid production an dextran solution
Histamine had a somewhat greater effect 1n dextran than m Tyrode soluton
the pertinent difference amounting to 29 3 4 17 8 mg/100 g/30 mmn which
was not statistically sigmficant It was evident, howcver that the stimulation
of lactic acid producton after adrenaline and histamine persisted even though
the contractile effects were blocked

Liffect of Potasstum Ions upon Tone and Lactic Aad Production
With a shght mcrease of 4—8 meq 1n the potassum content of the Tyrode
solution there was no effect on the tonc or the lactic 1cd production under
“anaerohic condittons Under aerobic conditions the spontancous elevaton of
tone was mhibited Not until one fourth to one half of the sodiam 1ons 10 the
Tyrode solution had been exchanged for potasstum 1ons did the preparations
show a contractile response under anacraborc conditions To ensure a maxma
effect of potassium we used a Tyrode solution m which nil sodum ions had
been replaced with p tons The sol will be subsequent} referted
to as K Tyrode and Na Tyrode
Glucose free Na Tyrode and k Tyrode were used for the first run and lh?
preparations were immersed 1n the respective solutions at the very outset ©
the experiment The lactic aaid production was determined after 2 and 4
hours The tone reached a maxsmum afer 10 min 1n the b Tyrode rxP‘;‘
ments and by that tme was 22 + 023 mm (p < 0001) hgher on ‘;
average (r == 11) than the corresponding figure in the Na Tyrode expenmen
After 120 mun the tone curves crossed and after 240 mn the tone Jevel \;\3:
13095 mm (p< 0001) lower 1n k Tyrode than m Na Tyrode e
duference 1n lactie acid production was demonstrable between Na T)"‘;;u
and K Tyrode after 2 or 4 hours (Table III) A possible explanation Was t“\\o
the muscle had fully utlzed its carbohydrate reserves dunng the first

hours
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In the next run therefore we studied the lace aad production mn the
presence of 05 per cent glucose both dunng the contracuon phase following
additon of h Tyrode and when the tone had reathed 2 constant level A
comparathe senes vas run with adrenabine In iht h Tyrode expenments
the tone a3 shown in Fig 3 reached a2 maximum in approumately five
tnttes and rematned at about that level unul the end of the experiment
Approumatels the same tone level v as attamned after addition of adrenale
I was found sn sther experiments vuth K Tyrode that n the presence of
glucose no depresaon of tone occurred after 4 hours The relaxation mansfest
after v o hours mn the p ding b Tyrode did not thesek
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represent 2 toxic  effect on the contracule mechanism but was probably a
result of substrate defiency The effect on the lactic acid production was
itererstng (Table 1V) During the period from 30 to 45 nun in the adrenaline
experiments the usual stimulation of lactc acid production as compared to
the controls was observed In the experiments with h Tyrode on the other
hand the lacuc actd production was mhibited to the extent of 233 £ 45 me]
100 g{15 man (g < 001) as compared to the controls During the peniod from
1510 120 min however the lacuc acd production values showed no sigmificant
difference cither 1n the control adrenaline or in the k Tyrode expenments
In k Tyrode the lactic acid production was thus inhtbrted durnng the contrac
tion phase but was thereafter unaffected Under these conditions therefore
there was apparently a selective sumulation of the contractile process without
comadent activation of the carbohs drate metabolism

o~ Contractile Efferts of Varous Drugs uuth Increasng Substratr Depletron
Several different iterpretations could doubtless be placed upon the fact that
potassium ions selectively stmulated the contracule process of smooth muscle
On the theory that in sascular muscle the cnergy requirements for the contrac
ule process were relatnely great — as indicated by the results of viher X
peniments — 1t v as plausible to assume that potassium lons \ cre more ¢on
ducne than other tone promoting agents to the muscle s uulizauon of ats
preformed energy rescrves This hypothesis was tested by comparatne studics
of the maximal contracule cffects of vanous drugs with respect to sarying
degrees of substrate depleton The contractile effect of adrenaline was abolshed
by storage of the asterial preparation for approximately 60 min in gluco € free
Tyrode solution under apacrobic condsuions whereas the effect of fustamine
persisted longer (Lisbiorst and Monyr Luspnory 1962 a) The contractile
effect of potassum 1ons hewever was wnflucnced even less than that oHusla‘
mine by substrate depletion Fig 4 illustrates the maumum contraction lavt!
reached by preparatiins from the same vessel on treatment with humm;';c
2 10-% or K Tyrode after storage for various perods in glucose frec T)‘; 3
solution under anaerobic condions A tenfold mncrease of the histamne :"C
e tn anoment the contractle response An interesting observation 38 that
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the tone produced by k Tyrode did not remam at the elevated level but fell
after 15—30 mn to a lower level than that associated with histamme Since
the h Tyrode on addinon of giucose had the capacty to ehat a substantial
ierease of tone even after 4—35 howrs the attenuaton of the contracnle effect
could not have been caused by damage to the contractile mechamsm

When the preparations were treated with diutrophenol under acrobic
conditions the behavior was simiar Here too the contractile effect was
greater and of ]oxhger duration after K Tyrode than after adrenahne histamme
or banum 10ns

Discussion

According tc‘ the classical conception of the relationship between muscle
and | of the ol the metabobic ncrease 1
secondary to the contracuon and 1 induced wia the augmentation of ADP
andfar mqrg.m}c phosphate which 1s thought to accompany contraction This
view 15 founded on studies of stnated muscle Other myestigations of strped
muscle have shown hovever that under certain experumental conditions
selectne samulation of the metabolism may occur without actnation of the
contractile mechanism (Withie 1904)

We are @ pror 1nchned to assume that the ncreased lactic aad production
caused by tone promoung drugs 1 expeniments on smooth muscle was hkewse
secondary to the contraction — the mcre so n that the latter v as distinctly

lated q vely and Iy to the lactic acxd producton
{Luvpyowys and Monve Lunodory 1962a) The expertments 1 dextran
solution ast ell as the reparted studies on the effect of DHE upan the coutracting
and lactuie acd production sumulating actions of adrenaline demonstrated
hov ever that it as possible to block the conuractile effects of tone promoting
drugs without mnfluencing their stmulation of lactic acid production The
expeniments 1 1th potassium on the other hand showed that a certamn degree
of contracton could cccur s athout sumulation of the metabolsm The most
plavsble explananon v as that the metabolsm and the contractile process
\ exe fated via different mech Thus hypothests v as supported by the
observed stmulauon of the carbohydrate metabolism m mooth muscle re
laxed by adrenahne (Moxve LuNpHowy 1923 1960 1962)

In our viev therefore a drug such as adrenaline may stimulate tn smooth
muscle esther the contractile process as v ell as the carbohydrate metabohsm
or the carbohydrate metabolism alone In the former instance contracuon is
clicted and the muscle uulizes the high energy phosphate compaunds as
sociated vith the augmentavon of lactic actd production (Luwpstorst and
Moy Luvonors 1962b ) If the inisal muscle tone 1s hugh and only the
Tacte acrd prod 15 dated rel will result Adrenaline reversal

1 1solated smooth musele can probably be explained m thus v ay (Mome
Ltsoror 1962)
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It could naturlly be asked whether the stmulated metabolism w3 not the
primary response and the muscle contraction 2 result of the ereased supply
of high energy phosphate compounds To this 1t could be replied that although
glucose 1n cxperiments on substrate depleted mesenterc artenes AnCrease
the lactic acid production and the high energy phosphate compound content
10 a greater extent than did adrenaline the muscle failed to contract (Luno

7 worv and Monvr LuspnoLy 1962 b) The experiments suth potassum 1008
1n which the lactic actd production was snhibited despite contraction of the
muscle 1lso imphed that the primary cause of the smooth muscle contrattion
was not to be found 1n 2n ncreased supply of high energy phesphate compounds
but rather in the muscle s c1pacity to utihize its gxisting Energy 7escryes

The fied carbohyd: bol and the syntl of high ‘""g);
phosphate compounds could however — t least under certun experimentd
/| — be of fund 1 fi for the contractile cffect €<

emplificd 1n the experiment 1n Iy, 5 In normal rablnt gut carbacholine Jtad

ntal
4 tone promoung eflect to which the relaxing action of adreniling was antag

jution

omstic Folloy ing storige for two hours in glucose free Tyrode sol -
d ] feral of the pref ns

under anacrobic ¢ and i\ tra reed fo

an acrobic environment the contractile effect of carbacholine was obse! el
be of very short duration Adrenahine which when administered alone rlrtn "
to relax istesunal preparatons here potenuated the sumulatory ¢ rC:ﬂT
carbacholine  Stmihir expenimental results have been reported by th;“:ims
(1950) and Axztson Burowo and Btrsrive (1959) Turthermore ‘\ ‘l: o
Lusonowy (1960) has shown that adrenaline stienulates glngcnlﬂ )I:Xc dt
Jactic aad production even 1n substrate depleted gut Jt sccms proba
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m the expermment described above carbacholne actnated the contractile
h while adrenal lated the carbohydrate metabohsm and
the energy produchon Only when both these mechanisms had been stimulated
dd the muscle tonus reach an elevated level
The contracule process w va.cular smooth muscle apparently segures an
abundant supply of energy In an earher investigation {LuvonoLa and Monse
Luwonory 1962 a) we estumated that the onside s known preformed high
energy phosphate compounds suffice only for about 10 per cent of a total
contraction 1t would thus seem that the contractide process of vascular muscle
depends far more than does that of striated muscle upon a continuous energy
production In contrast to stnated muscle muoreover smooth muscle — at
least that from the mesentenn artery ~ s unbkely to have a resting state for
only with total suppres.on of the metabolisra or with extreme substrate de
pleton was 1t posssble to mduce complete relaxanon of vaseuwlar muscle Under
‘basal conditions the muscle 1manably possessed a certam amount of tone
¢ a cenam degree of contracton {Luvowors and Monyve Lusprous
1960) Tonus changes of smooth muscle therefore apparently reflect vasving
degrees of actnity rather than transiton from a resting 10 an active state It
follows tnat n> specitic restng w etabolism occurs i vascular muscle but that
even the basa)  energy production is wtlized to some extent by the muscle

for mainterance of a certamn level of actnits Herem may Iir the possible sig
nificance of comadent of the J h and the
metabolisrn

Our conception of the relationship between the biochemical and pharma
rolone responses of smooth muscle to adrenaline ~ the drug \ ¢ have thus far
stedsed most extensiely — 15 tustrated 1 Fig 6 When adrenaline stunulates
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both the contractile mechanism and the carbohvdrate metabolism the con
tractile effect predominates and the tone increases Selective stimulation of
the carbohydrate metabolism as in intestine bronclnal muscle ete or
sclective blocking of the contractle effects of adrenolytics 1s followed by re
laxation which results from the ncrease of Jactic wad m the muscle (Monve
Lunprory 1903 1962) Tven when the contractile mechanism 1s stimulated
however the concomtant lactic and production may have an inhilatory
effect for the sttmulatory effect of 1drenahine on smooth mustle 15 enhanced tn
alkalne and attenuated 1n acid solution (Arerrn 1924 Topian Marts and
Eiwers 1929) In Thg 6 we have tentatively 1d d adrenaline s 1
of the contractile mechanism as an action upoh alpha receptors (AuLQUIT
1948) and the lactic acid stimulating relaxing effect as an action upon bz
receptors Whether or not this interpretation 1s justified must remun 3t
present open to question since alpha and beta receptors are not confined to
smooth muscle and therr significance 1n other uissues has not yet been fully
cluaidated
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Contraction aund Glycogenolysis of Smooth Muscle
B

Len~ srT Luvowowss and Erva Momse Lusonowy
R «d 2l Junei9

Abstract

Luospnon ¢ L and E Mfowse Luxpnowst Confrart on and gly o-
enalynis of mooth puscle Acta phvsiol scand 1963 57 125120 ~—
“The quesnon as tos hether smooth muscle contraction 15 accompan ed
n naten hed glycogenolys was studied 1 expenuments on rabbit
gut on bovine trachesl muscle and on mesentenc artery Under
aerob ¢ cond t ons electr cal stmulat on augm nted the glycogenol
5 1n these tvpes of smooth muscle OF tonus wcreas ng druzs only
¢ ba tolne enhanced glycogen breakdown n tracheal mus le
Und r anae ob ¢ conditions coutraction of smooth mus le 1 as not
accompamed by gl ovenvlysis desp e the fact that } cuc acd p o+
ducton  as mereased Smouthmu Jecontra tor the efore wasnot
onsutently associated 1 th mcreased gl ogen breakdo 1 In this
tespect ther seems to b a d ff rence ben  n smooth muscle an !
un ted moscle

Contraction of striated muscle ts accompamed under both aerohwc and
anaerol 1¢ cond: by sub ! gl i (Corx 1936} In recent
persanal experiments contraction of smooth muscle under anaerobic condinant
v as found 1 be assoc ated 1 ath parallel sumulation of lactie acd producuon
(Lt vproLs 1nd Momve Lenouary 1962} In view of these obsenanons it was
of it terest 1o ascertain 1 hether increased glycog nolysis v as abo a contomitant

ol smooth muscle ¢ ntracuon and to determine the extent toy hich stumulation
of factic 1ad prod vas d vath of gly

We found Lot ever that I of glycogenolyns v as not a cor
concomutant of smooth muscle contraction It this respect smooth muscle and
stmated muscle apparently dff ¢
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Table I Lffect of ele tncal stimmlation and conts d ugs on gl of rabbit atet »
bo n t aches® muscle and mesentensc artesy Glycogen ¢ontent wn mg per cent P == probablty
th tthe effect wasd ¢ to chan ¢

Smooth muscle organ No of | Stmulation | Tume | Basl Cha ge ol
Test mn glycoo n glycogen
content content
Ratbt mtestine 14 Iectrscal 3 4+ 77 ~6l= I8
4 m3, 10)sec peool
12 carbachol n 10 B3+ 19 + 18 30
> 10-7
Bovine tracheal 1 electr cal 4 [251=29¢ ~?33 103
rusct 6 mA, 1)sec POty
s carbachol n 0 370 + 3L5 —193= 78
25 107 P00
Bov ¢ mesentene 15 elect cal 3 161 + 205 ~671 G
artery 3 mA, 0/ P00
21 ad enahine 5 187 + 183 119 43
110 P00
Methods

The experiments were performed on rabbut gut and on bovimne trach al muscl ard
mesenteric arter, The bovine pecimens were obtan ed from abattorr material abor t
15 mun after slaughier and mmmersed n ced Tyrode solution They were then aut mv]:

. ficees werching 02— 04 g whch were mounted m organ baths conta nin 70 m}‘
Tvzode solution 2t ,8 €. and acrated with 33 5 per cent O and 6 5 per cent CO 07 ol
N Unlessothen sestated the olution s as glucose free The contractions werer cord
by rotonic pen huch had a load of 5 g fur rabb ¢ mtestin 40 g for tracheal musde
and 10 g for mesenteric arterv

In the expeniments v ath clectnt al sumulation under aerob ¢ cond tions the Ty;::'
solution was remoy ed f om the contro] and test preparations after about 20y an . <
pr were then d, v1a hnoks with condenser discharges o a7
mtensiny sulfent 10 produce maximal contracule reponses (3—6 mA 10 per ’":
UntTth Tyrode solution was remosed the mpulses yenerated by the sumulator we

rre
100 weak to produce maxrmal cont action 3% hen the coptrol and test preparsuons

fully contracted after a penod of 3—4 m n they were asayed for gheogen d;:d““;
expeniments  th drugs under acrobic cond t o1s the relevant agents were a oo
assay ¥

the baths contamn  the test preparations and the latter were remosed for
thm had reached a stat of masimal contra t on be st al
In some expenments the lacy ac d production was also studied and here o :ol'l}r
glycogen and lacuc aad Ievels were determined in the preparations at lh; mr’l Coen
cxpenment  Approwmat by one turd of th  p eparations were taken for S‘!“ s
asa  On terminauon of th exproment the glycogen and lact ¢ 2 1d rummum‘
again determined i th preparat ons and the increase of lact ¢ aad uathmsmm‘d
the suspens on medium  For calculaton of ¢ lactic aad producton t z-arlnhe ot
lacuc acd 10 the musct at th start of the experiment was subracted [mmgmna!
amountan the musclead th  wpension metium at th e end of the expeniment.
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Table IT The off ¢t of electnzal st mulate n adrenoline and mono-wedoar tic acrd o glyeo-
genalyas and U e production of mesentersc a tery Glycogen lysis o d lactic acid p odu t
n mg|100g[/0 mn \ = number of tests. P = ob bil ty that the effect w  du to chance

Elt ¢ trul ton \drenal o \loa0- odo-
ana~r bo teand
Oglu s¢ {05 glu | narrobc |acorobe | anaerobe
n=6 coxn=6|n=9 n=6 n=§

Tntial glycoocn g per | 1o =701 | 115 £201] 002201 245337 | 190 2317
cent

Gly ogen lys contr 1 | 36711 3 ?1=165) /6941 4| 3461281 1031149

Gheog n by s, test 3354149 |~ 07-145] 7231148 | —08+160 | 1043140
Dff enc gl cogenol —31439 27811711 —434+ 753 4410, ~1602107
yistt  tol <00

Lact acdpod ¢ 811128 | 1588+128] 4104 89 67+ 28 4891 87
ton, ontrol

Lart a dpod 9>8+130 | 1712411 | 5832139 ) 1042 0] 203% 64
o test P<00>

Dfference 1 « cd | 197+ 57 | 1582131} 173+ 62 ) 372 437 62155
pod t ntestco tol | P 003 P 00 P<00>

snmulat on  nder wna rob cond tonsya produced 11 Tyrod solution withrerod

A C 15% S0¢cps It Lh 1 thatunder thes airoumstan esth bull of the current
pasted tF ough the Tyrod solution

In the experiments w th mono~ cdoac uc acid th e latter was added at the ery our
set of the expenment n a oncentrat on of 0077 \{ neutral ed w th \.OH to pH
74 In the long term exper m nts 1th ad epal n the latter v as added in a concentra
wonof 1 10— after 1 15 30 and ¥ min

‘The glycogen content was determuned by a pre osly r ported m thod {Lt~DioLa
and Mon ® Lusoro ¢ 1957 and th lact aal ontent ad m dum FRIEDEMANY and
Grags R (1933} with cert in mod heations (Mouve Lespsiotst 19 3)

Results

Aerobic Cond t ns —\When subjected to electrical sumulation for 3—4 minutes
rabbit gut as v ell as bovme tracheal muscle and bovine mesentenc artery
shov ed apprecable gly and cor (Table I) The
effect 1 as greatest in artenal muscle and relatnely small m rabbut 1ntestine —
possibly because only about 20 per cent of the latter consisted of smooth muscle

Drug-ehated yielded divergent results (Table I) Only an the
expenments v uth tracheal muscle was glycogenolysis demonstrable despite
the fact that the contracule effect was as pronounced as that observed after
electrical sumulation In the rabbit gut expenments carbacholine eley ated the
lactic acid content of the preparations by 107 =31 mg

1 1 1 Ad

per cent (n =7

pP<00l) but did not g y despite ats
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contractile effect 1 the glycog n 1c artery Ths
effect was confirmed 1 another series of long term experiments (Table ) i
which the lactic acid production was also measured Here adrenaline notwith
standing, marked contraction of the muscle totally inhilated the spontancous
glycogenolysis while concormtantly the lactic acd production increased by
104 «+ ¢ 0 mg/100 60 mmn (p < 0 00)

Anaeradic Conditrons ~— Under anacrobie candtions electrical simulation of
mesentenc artery though augmenung the lactid acid production farled to
ereasc the glycogenolysts (Table IT) Suice 2 possible explanation was that
slycogenolysis had already been maxunal under anacrobic conditions expert
ments were performed in the presence of 0 5 per cent glucose The spontancous
flycogenolysis 1n the control specumens (Table 1) was mbtbited by as muth
as 145+ 52 mgfl00 gf70 min (p <003) Under smilar expenmental
conditions we had observed acrobic synthesis of glycogen (Luvproty and
Morue Lunpmorst 1963) Not even in the presence of glucose howeser did
dectrical stimulation mtensify glycogenolysts the glvcogen content of the
prep T d almost Nor under anaerobic candttions dd
the ttiglycolytic effect of rdrenline emerg e

It 15 clear from Table II that the basal ghcogenolssis and the lactc acd
production were by no means commensurate In the control experiments with

under ¢ d the plycogen breakdown was almost

twice as great as the lactic acid production whereas mn the expenments sth

clectrical stmulation 1 the absence of glucose 1t 1 as only h Wf as great Th

japprecrable discrepancy may well have been due to scasoual factors ~ 3

“phenomenon winch has biten discussed m an carher paper {Lunpio!
Momnve Lunorory 1960)

With mono 1odorcetic acid there was 1 mamnufest dispinty between gheo
genolysis and lactic acsd production  the latter was reduced by 58 per cent bt
the former by only 13 per cent and the effect on glycogenolysts was not statust!
cally verifiable (Table 1T}

The augmentation of lactic acid productton to which adrenatine andd electe
stimulation gave nise under anacrobic conditians was not accompansed by ¢
creased glycogen breakdown

L and

e

Discussion

as not consistently at
et cen lactic 208
ian that beb ee®
oducuon wWert

In these experimaents contraction of smooth muscle w.
tended by miensificition of glycogenolysis The correlition b
sumulation and muscle contrartion was far more evident U
glycogenolysts and contracttan Glycogenolysts and jactic acid pr ome
not correlated O the ¢ ntrary substanteal ameunts of lache acd were s i
ames formed from ntermediate products of the carbohydrate mcl:xbohsm: o
In mesentenic artery these intermediate products may — 1o the absnd!
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glucose — form approumately 50 me lacuc aad per 100 g tissue (Luvpuon
and Mosie Lunouora 1960)

It may be of interest 1n this context to compare the maximum veloaty of
glycogenolysis and the lactic acid production 1n mesenteric attery On elecmmical
sumulation under acrobic cond: glycogen breakdown ged 20 mg/100
glmin while the lactic acid prod under b d. and in the
presenre of 05 per cent glucose was 25 mgli0D gimn It s eudent that m
these aircumstances the lactic acid production rate could not have been governed
by the glycogenolytic reaction but that other reactions lumting the velotty
were of gr_ater sigruficance — In the case of advanced substrate depletion how
ever a clocer correlation between lactic acd production and plycogenolysis had
een observed (Mosse Luvprory 1960)

In smooth muscle relaxed by adrenaline a glycogenolyti. effect was noted
(Lovproty and Monve Lunorota 1957) 1 hereas the contractile effect of

drenaline was app. ly d with inhib of gl hysis The
behavior of the phasphorylase actiity on addition of adrenaline also vaned
an tracheal muscle which was relaxed by adrenabine the actvity increased

whereas in mesenteric artery 1t was not demonstrably affected {Mome
Luvonora 1962)

The authors ar g ateful for th te hn cal assistance of Vr Lars Ex Fn n al support has
beng nbyth SwedshAsoc tonf rHe rtand Chest Duseases
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Effect of Insuhin on the Carbohydrate Metabohsm
of Smooth Muscle
By
LenvarT Lunpnors and Erra MouMe Luvorots
Recenved 21 June 1962

Abstract
Luvonorst L and E Mons Lunprowss Effect of tnsultn on the
arbohyd ate metabolism of smooth muscle Acta physiol scand 1963 57
130134 — Inexpenuments on 1solated stomach muscle from rabbit iz
krebs Henselert bicarbonate bufler and on bovine mesentenic aricrics
w Tyrode solation insulin shmulated the synthess of glycogen but
had no demonstrable effect on the Jacuc acid production

Insubn has a well documented effect on the carbohydrate metabolism of
stniated muscle {for review 2de Staprz 1954 Russcr and WiLneLsy 1960) and
15 also reported to stmulate glucose utihization 1 heart muscle (BLEEKEN and
Tisuer 1954) The question whether msulin affects the carbohydrate metabolism
of smooth muscle however apparently has not been resolved Since h"{
complications of diabetes involve the vascular system to a Iugh degree 1t 15Y
particular interest to establish whether or not mnsul influences the metabolsm
of vascular muscle .

In bicarbonate buffer msulin was observed to sumulate the symhcﬂH:l
glycogen and the lactic acid production 1n ssolated rat diaphragm \\chrmlm
phosphate buffer only the glycog hests was strmulated (Siaw and STaD
1957) The first run of experiments on rabbit stomac! ondly
performed 1 rebs Henseleit brcarbonate buffer at pH 74 The xc] y
high basal lacuc acid production n this shighdly alkaline soluuo? wast ;;UI;’ o
hoy ever to reduce the p I of d any effec! .
susultn on that producticn  For this reason the second run ofcrpc‘nmcnlsl“d‘
bovine mesenteric arteries was done 1n Tyrode solution at pH 7115 n ‘[tuuc

it the sp lactic acid prod nas d hed The

b muscle was therefore
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scid production of muscle appears to be 1 some degree a function of the pH
of the suspension solutton {hErUY and Roszase 1933)

Tosubn stimulated the synthesss of glycogen both m rabbit stomach muscle
and s bovine mesentenc artenies but did not affect the lactic acid production

Metbods

1ol t d Rabbt Stomach

Rabbats weighing 23 kg were killed by a blov on the head Their stomachs were
removed opened along the lesser curvature and Hushed with Krebs Henseleit bicarbo
nat buffer of room temperasure ‘The muscle coat was carefully divested of mucosa and
connectine tissue Specmens 15 mm wide 20—~ mm long 081 0 mm th ck, and
03—0 4% grams 1 we ght were prepared. Each preparation + 28 mounted along the
edges 1n 2 ymall plasuc frame which ensured an exen dutrbution of the load The
longation or contrattion m the direction of the arcular muscle Fbres was secorded by
150ton1¢ pen with a ratio of 10 and a load of 5 ¢ The muscle coat was thickest along
theless  cunature and the thickness also mcreased tos ards the pylorus To secure the
greatest poss ble un {ormuty of th ckness two portions from cach were
used as test and cont ol p eparaton respectively sin e n general the lactic acid content
was h gher and the facne aod p oducton per gram greater i the thicker preparations.

$ix prepa atons were taken from each stoma h Two of them v ere ipmediately as~
sayed fo ghycogen and lact ¢ acd and th rernauung four were mounted 1 organ baths
contanog 10 md brebs H aselet bearbonate buffer ot 37 € and wath the fallowiog
composition (i M) 012 DaCl 80037 AGI 000 > CaCl 00012 MgSO DOOI2
KH PO, 0075 NaHCO and 02 per cent glucose A rated with 9 per cent O, and
S percent CO the solut on bad a pH of 7 4 For the experuments with ansul o the saluton
contaned 0 1 I L crystalhn msubn (V rum) per ml

8 rine Mesentenn Arfenes

43 gment of mesentenie 2 tery with 2 utmform d ameter of 3 54 mm was removed
app oumately 15 mun after staughter and numersed for 60 mun 1 ced Tyrode solution
Thead enitawas then ca efully dissected 2 ay and the specumen cut open lengthwise,
T om each artemal segment 1t specunens wath a width of 13 mm a length of 1612
mm and a thickness of approumately 08 mm we ¢ prepared They were mounted 1
plastic frames as above and t ansf rred to organ baths ontaumung 10 ml Tysode sofution
with th following ompesiton {(n \MJI) €138 N\ C1 0003 RC1 Q0018 Call
0001 MgCl 0012 \aHCO 0036 N\all PO, and 02 per cent gltacase. Aerated with
93 5 per cent Oy and 6 5 per cent CO, the solut on had a pH of 7 15 Tn the expeniments
with nsul n the latier’ con ent aton was 01 1 L per ml The preparauons  ere
subgected to 2 load of 10 grams

Aft £ two hours  ontrof and nsul n prepa atons v ere qu ck froz 1w th difiunrod
chioromethane (frrgen 12) ontan ng carbon d oxdesnas (73 ) App camately
on thrdwast k af ghcogen assay as desenbed i an eart e pager (Lewonots &
Monyz Lispnotst 1927} The remamder was asayed fo lacuc aod with L (+)
haetr od d hvd og nase od mod m Preemeaes and Dose (19251 with the modhf ca
t nof Semorz t1al (1959) as p eviawsly desenbed (Mome Levorors 1967} The

wspens on mediam 3 a3 deprod 1 ed by addiwon of 3 per cemt perchlene aad togr &
agH of 46 bolmg and entnfugat on The lacuc acd content of the susgeas o sole

ton ward term ned 10 1 6 m alter 05 m] buffer at a concentras on 2O\ four times
hgh r than that precicusly used had been added ta the uspens on solution,
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Table I The effect of snsulie on glycogen content of yabbut stomach muscle and bovine
mesenteric artery Glyco en content 1 mg per cent

Preparation In tial value Control after 120 mun | Insul neafter 120m n
Rz(‘:,b‘: l(l;mach muscle 754466 747455 9974101

D ffer nce between Cont ol—Intal = —074 49
Insil ne—Imtal = 2451106

P<00
Tnsul ne—Control = 750 84
P<ow
hrhib bt I RS 2352 142 258 144
=
Differen ¢ between  Cont ol—Intal = 478201
P<0l>
Insulne—lnu 1 = 701-£226
P00
Insulne—Control = 27286
P<00

= number of tests P=p b bil ty that the cffect was duc t chance.

The changes 1n glycogen content wer determuned directly m the pr parations For
calculation of the lactic acd production the amount in the preparations at the start 0(
the expenment vas subtracted from the total amount in preparat ons and solutson 2!
the end of the experiment

Results

1 Isolated Stomach Muscl from Pabbit

Tone The preparations consistently relaxed durng the first 30—-60 mun of
the expenment Subsequently approvuimately one half of them show :dh:
spontaneous elevation of tone which sometimes reached a level » cll above (;u
mtial value No effect on tone that could have been atmbuted to nsulin v
obsenned

Glyco,en Content The effect on the glycogen content 1s demonstrated 1n '1"]32:
1 Dunng the 120 minute period 1n the glurose contatping suspension M€ ‘I "
the glycogen content of the control preparations remained at its nmtml‘;ﬂbc o
10 of the 11 experiments with msuln the glycogen content increasc Y! B
average of one third 1n relation to the basal values and to the glycogen ‘::,u,
of the control pref tons The was 11y verifiable AJ:IPE
therefore insubin sumulated the synthesis of glycogen in smooth muscie
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T it Theof tof mulneonloctsa d production of mabbat stema h muscle and ba we
seseitr ¢ artery Lact o @ & p oduction v mg {100 g] 120 mim

P cpasation {Lacre a d p oducnon

Control Tnsuline

Rabbt t mah woms Je 7634 164 502 & 112
{n =~ 14}

Pufference Yosubne—Control = {60 % 174

Bonne mesentenn 1ty ~206176 ~BAL D
fa =8}

Ttall ue nad conent
1384 6B/ D fevenc  Insul ne—Controf = 33449

Lacte Aad Produchor Tasuhn had ne appreciable effect on the lacuc aad
production of stomach muscle The control preparations had a sirskingly hugh
lactic ared production but st was net demonstrably mfluenced by mnsulin

YL Bovmne Nesenterse Artenies

Tone Mrsentesie aviery preparatons showed an inial increase of tone whach
reached a maxsmurn after about 30 min and was folloned by gracduat relaxanon
Tnsulin did ot appreciably affect the tonus curves

Ghosgen Cont nt Eaen n the absence of myulin the glycogen content rose
mn seven of eght control experiments by an average of 701 = 22 6 mg/100
/120 aun (p < 002} — see Table I This findmg corroborates Stosors
{1990} obsenauon that i the presence of glucose m 22! artenal ussue may
svnthesize glycogen Addion of insulin resmforced the glycogen synthesizing
capacity of the artenal muscle fa 7 of £ snsubin expesyments the synthesis of
glycogen increased and the wncrease was on the average 222 4 8 6 ma/100g/

120 mmn (p < 0 02) greater than that obsenved w the contral expernments

Latt 134 Podu i » In 5% of uight experunents the preformed factic aad
was metabohized 5o that the lact ¢ acid production was on the average negatse
(Tabte 11} Tesubn had no detectable effect an e lacue acd metabolsm 1he

ralue for lacue acd disappearance accerded yvath thas s the control expen
meaty

Discassion

Insubin sumulated the synthesis of glycogen mn smooth mutcle where ats
<ffent conformed » 1th that olsened m striated muscle On the other hand 1t
did not affect the lactic acd production or smooth muscle the behavior of
' hich thus difered 1o dus respect from that of stuped muscle
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Without addition of msubin 1solated stomach muscle from rabbit 1n contrast
o bovine mesentenic artery showed no synthesis of glycogen. Since howerer
the possibdsty that the arterial preparations utihized msubn alreadv fixed in the
tissues cannot be preciuded the question of whether smooth muscle has she
to synth gly 1 s the absence of nsubin sl remains to be

P
answered

This invesugation was a ded by grants from the vesearch foundat on ofth Swed b Duabeta
Awsocration and the Swedish \at onal Assocsation aguinst Heart and Chest D seases. Th aw-
thors arz ind bted to Mr T Dzromvand Mr N\ Awos for techn cal ass stance
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Acetoin as a Metabolite of Ethanol
By
Tryo HassveN
Receved 7 fuo 396

Abstract

Taswees U dete w a1 @ vwtab e f thome! Acts phyual scand
1963 57 13>—143 ~ Blood acctow concentratons 1 rabhues were
follow ed ol of ethaznol. Is receiving i
and to conteol ammals Dusulficam sacreased blood aretom before and
after the admumstration of aleohol o werease wits observed in
anunals recesvang alcohol alon~ Acttoin formation from acetaldebyda
and pyruvate o mhanol and pyruvate was savestigated et Io
Brer homogenates and mmced hver aceton was farmed from ethanol
and pyruvate but not from ehtanol or pyruvate slone Disulfiram

nhuited acetom syathes from theanol and pyswate under aerobic
ut not ically or when Jdehyde and pyrisvate

e used ar ubstrates Th role of aceton 1 alcokol metaboliom
and duslfiramal ohol reaction 1

According 1o the p day view the el of ethanol takes place m
the hiner through the acetaldehnde step to acetate as well as 10 acetoacetate and
some other keto ds The final oxad; k 3} h 1

by (Forsaxoer Ramia and Stowsiamen 1938 1960 Fomsasper and Ranta
19600

1t hias been d d thai the 2} of alcohol 15 accelerated by
admanstration of wasubin tnsulen and glucose or pyTunsc aad (v waars 1932
Crarn Morgusey and Fazenas 1938 Wesrerrsnd $Torz and Brre 1942)
Ix has been suggested that pyrusate condenses  1th aceraldebyde produced by
the puman owdanon of alcohol to form acetoan or that ethano! reacts with
prnate producing aeetaldehyde and lactate (Westerrers o o 1942) In
ammal experunents hov ever no acetom v as found m the blood before or
after the admustragon of ansulin and glucose o pyravate although an m
creased rate of disszppearance of aleohol could be senfied (Greswsere 1942)

Disulfiram 15 knowe to decrease the endogenous respiration of she ner
delay the ehiminanon of alcohol and cause an accunulation of acetaldchyde in
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the orgrmsm (Towarns 1910 \ormnna 1955, Crurx and Pourr 1938,
Hap Jaconsew snd Lar £1 1945) But the role of veetildehvde sn dualnmars
~leohol tavicoas has sub equently been dered 10 be exrggerned baa &
wath enzymatic methods noticebly fos er concentranons of blood acetaldehyde
were found than with earher methods (Jaconses 1950 Waewer 19%)) T
contrast the pyrinee rard values mererse more compared with the wereae of
acetaldehyde and at hns been proposed that pyruvate plivs 2 mle o the
chsulfirum alcobiol rerenon (Waener 1957) or that the rexchon s cwsed In 2
more pralund disturbance of ouditive metabolism cambined with over
londing of the oadauve chun by aleohol {Zirorre and \Mrvrr 1939

Becawse disulfiran iereases both precursors of neetom sinthess wnd at the
same time mhutats oadative metabolism at sppears quae possble that aficr
adnunistranon of disulficim and ateohol acerom would be fund w the t1ad
This has already been suguested but not expenmentaily checked (Jarcrrar
1955 Rrwax and Trurrr 1959)

The purpose of the preent mvestigition was 1o studh the relnon hetweet
cthanol and pyrnvite metaboh ms and the role of acet nn m di nlhramealvh 3
Teacton

Ixperimental

Tabluts vere v ed m the m e experments, 1Y liram (fiperg Antbus D
Men) 138 admsn tered ot gh 4 rubber Uibe nto 1t e 1oma hmdresof Engperl
Jhodv eaht wpenddin 00k W vater for one v eeba afier y hach an aboh Tolern

test v as perfwmed 3 ith 3 por cent v ethanal oluncn 15 g epdanol per i el
Vbt Blood cetn v dtermmed o onhing t Weaerdd 1 108

In ruro espenmert were pern od with rar and rat bt $yer 1 on ogenat
uneed rat Tver How geates were 1ade 3 » B weliehyen el n peede b 7™
Remrery uh 0 Yper et xdum blond a4 € The mnced Dver preparat n33
made 1y we ghing a wtable monnt of ¥ er directly ey the o1 b B vessed andaut
ung the tssie 110 the sallet prsol e peces b barp aeors The uze of the pov
tacd ternuned wh Uoeve a1 LBy 1andanhz ng the monang tme N

A abstrace solut ons ere made i ser rechistalied wn an Al glas apsrate 3
Verereneved Bk Lthanadl tmons ere made b d g absch od etharel 0

< s d

fied for specicegiotmemn jimpors A2y Ak fray the 1) e M \:'::
Monopol TT a taldeh a3 3¢ & nlled put bel 26 each tnes o \)\r“n“\mr;n )
-

fractn d tling ver benveen L oand 3 0 at o rmal umes hen prest
callected Pyru ate 1t ons vere made foom ensahsed <odwm satt -
As moutan n essel 50 mb cont 3 flals were wed gl 1 gper YA

N
fred m Nglass tubes 1 radp 1mes £1h gn pha e dnc Taney amed ":,‘f
contnuous habng 1A atertml ar 3 C TFeq sl of mo o th oeer n}::b\‘ e

vast0ml Srlof b1l cons id of the tis e preparanon s wl o gT

and 2 ml of the 8 hstrates v
Necton 1 1 determined arrond 1g 10 Wrspamup (1945 1 5 ihe dwemintt 20

ot and Bramares 110 mod hranen of the o b Tl Leom P

oy g ote Watss s hn\\ aw

1%

pryronic acd ¥
Havces vas wed Trhar bosas devernaned
(1958} and acetati hwde a ording o Porarin e Hesr anl Sk
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Table I{ Effect of dusulfirom added an v3tro ondhe
ymthears of seetorm from acetmrdemyde and puryvate m vat
Iner fomogenates

Disidbicarn solution was prepared by frat dusalv ng tin
propylens glyco ! mgfml and diluting this with watee
Components 5 mi of 7zt Liver homog nate, 178 grmoles of
acctaldebrde 91 gomoles of pyvuvate, Total volume 10 ml
pH 74 gas phase arr

“a Dsswifiram Aceton prmoles
pmates
60 mun 120 sun
1 - 8G 136
k4 - 83 148
3 2034 8o 134
4 2434 8t 132

Table JIT Formation of acetosn from etha ol and
pyrevate 1 vaf {iter fomogenates

Camponents S ml of ras hvey homog nate ) 4 344 gmoles
of than ! 91 gisnofrs {pyruvate 25 my of & wifieam was
homogen 2ed 5 the sohn on at the same ume as(f L8 ue
‘fomogenate way prepar d, Toral volume 10 16 g phase
2rpH 74 Incubsvon ume 0 ous at 370

Ac to N gimoles

no Comaroly o Disuifiram
i 108 ! 60
4 {07 k3 59
3 98 3 88
4 0. 4 85

Fg 2 £ ct of sl am
fo maton of ac fon n 1abby
Components 5 mt

1

u Lof eancl on the

+ bamogen? (e

of k¢ tcm.rx":lf;‘id

a0 pmele of pyruvate ethanol a4

Total volom 19 mf
cubation § e S0 mn at 3.

@ <« LI
NIRRT MOLES

§ pif 78 Casphaws
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Table IV Frmat n fa etan f m thanol and pyruvvte
w minced ot hoer

Components 1gofmne dmtl e 86 gm des of ethanol
91 grmoles of pyruv 16 D sulfiram 28 inds ated wae frst
dus ed e gyt & glycol 2 mg/ml and d bt dwath
wat  ath eont of vesselsth same amount of dilwed
pr pyl ne glycol was nsed, Flu d volume 10 mt pH 74
gas phas owygen. Incubat oo im 9D rmn 21 37C

o Dus tiram Acien Acetaldebyde
pmates frmd formed

Jimoles pm les
1 - 020 13
2 - o8 88
3 — [ 31 19
4 0133 61z (23
5 Q13 215 05
6 013 015 e7

Tabl 3 A aer b format on of
actt n f m thanof end gyrwat w
wnged atl o

Compon nt 1gofmug dr tlver

86 umo} 3 of ethanol 45,5 pmoles {

prrume Doulfram  as fisst dissel 4
npr pyl o gheo! dduted sa water nhd
ddda ndcated Flud tsme 10t

PH 74 gas phast mitrogen, Incubat #

tm 90at37C
No Doulfiram [ Aet a
Hmoles i d

3 - 048
2 - 056
¥ = 050
4 4068 60
3 Q068 054
8 0068 044
7 Bo68 2]

In z11r0 the formation of conviderable arnounts of acetan from acetaldehyde
Py could be d d i hier } g Dhsut ad

runutered in o or added i oiro had no effect on acctom synthess when

asetaldehy de and pyruvate were wsed as substrates (Table I and 11}

a
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- 1%

=z

i

2

E

Y

o

9

H

Eo

b

z

e

g Tig 3 Effect of mtial amount of ethanol
on acetorn format on an mineed 7 11 et
Components 1 g of m need rath er 81
pmoles of pyrnate ethanol as mdicaied,
Fhud volum’ 10m] pH 74 Gas phasear

b time 80 mun 2t 37 C.
[ L) 90 0
ETHANOL (NITIALLY  uMOLES

2 kL

g

Ed

£

Buw

z

&

€

E3 Fig 4 Effect of mnal amouns of pyru at on

20 acetoum format 0 in mne d rat dver, N

Yy Components 1 gof mmn edrat] er 8t ymo'es

| of than ) pyrus at a wnd cat d Flud olume

10 m) pH 74 gasphasear Incubatontm
Wrun at37 C
o W @ e e om
FYPGVAT IND LY pMOLES

When ethanol and pyrinate were used as substrates 1t was found that
acetomn 13 not formed either ethanol or pyrunvate alone In the p eseoce of
pyruvate the amount of accton after mcubation had mereased to a sauration
value v hen the concentration of ethanol was increased (Fig 2) Disnifimam it
hubsted the synthesis of acetoin from cthanol and pyrusate undes aerobic
condivons (Tabl 1M1,

Sinced Iiver tissue also synthesized acetom from ethanol and pyrwae
Companson of the amount of accton formed 1 1th the amount formed bs  omo-
genates xevealed that the former + as smaller obviously because of the smaller
surface area of the parucles
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T ble ¥1 Effe t of oxygen an @ et 1 gmihesis from ethanol and pyrizate mm e of fiwer

Compon otz 0b g of munced rath er 343 pim Jes of erhanol 91 pim fes of pyruv te Flu d
¥ lum 10 m! pH 74 Incubat on tune 90 mun at 37C

e —
Fiban lutdzed | Pyrusar unbzed | Acet nformed

™ ! Grspe ] Hmoles Hm les pm les

1 Oxygen 131 S67 017

k3 O ygen nz 487 02>

3 Owngen neé 474 00

4 Air 10... 484 136

5 A 92 439 13

I3 A 120 612 163

7 N trogen 30 ECEY 19

8 ~\ trogen. 1n2 396 197

9 N ogen L:23 410 186

a
o
2
g
239
a
8
N
2w
¥g¢ 5 Efct fpyru t nth ushzann £ =
th lwmmn drat] e 3,
Corsponents ) gofmn d 1] er B6um Jes 2
of than | pyrua asndcated Flud ‘ofem  F
10ml pH 74 gasphase ar Incubat ntm
0m 137 C

[ n 40 © &3 w0
PYRUVATE INTTIALLY  pMOLES

Disulfiram added m zero decreased the synthesis of acetown from ethanol and
pyrmnate acrobncally but no effect could be demonstrated under anaerobic
cond uons (Table {V and V)

Minced hver did not synthesize acetoin from erther ethanol or pyruvate
alone When the concerdration of ethanal was tacreased the amonnt of acetas
formed also increased but at concentrations over 1 6 per thousand decrea.ed
possthly because of the wouc acuon of ethanol (Fig 3 and 4)

1In experiments with different gas phases the amounts of acetomn at the end
of the incubation perrod \ ¢ve smaller when oxygen was used a3 the gas phase
when mitrogen + as used the amounts of acetown mcreased (Table V1)

The amounts of acetaldehyde at the end of the incubation penod were of the
order of magmitude of 1 srmol
Pyrunic acd mod: 1y d the el

Tate of ethanol (Fig S5)
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Discussion

The present investigation confirms previous observations that the elmination
of ethanol 15 accelerated by pyruvic acid That acetown has not been found i
blood during alecohol detoxication does not rule out the possibility that aceton
1s 2 metabolite of ethanol The amount of an individual metaboblite n a bio-
chemical reaction chain at a steady state dynamic equilibnum depends
on the kmetics of all the different T that bol

The mncreased formation of acetom when the partial pressure of oxygen s
decreased may depend on a decrease 1n the oxidative ehmmnation of acetoin
The bic coupled oxid red between ethanol and pyruvic aad
proposed by WrsTERFELD (1943) supplies the acctaldehyde necessary for the
svnthesis of acetomn even under anaerobc conditions

Acetomn synthesis 15 dered to be a nonoxd: decarboxylation di
phosphoth.amineand Mg++10ns f asco factors A complex of thiammne
pyrophosphate and pyruvic acid 18 formed active acetaldehyde  which
reacts with pyruvic acid or acetaldehyde to form acctomn The animal organism
1s not able to synthesize acetomn from pyrusate alone (REED 1903 JARNEFELT
1955 Horzer and Beavcame 1961)

It has been suggested that the mechamsm underlying the effect of disulfiram

ik hospl

(Wagxre 1907) Since dsulfiram
hests of

s of tt PYrophosg
whether added iz zatr0 or admumstered i w0 does not affect the synt
- acetomn exther from acetaldehyde and pyruvate or from ethanol and pyruvate
anaerobically there cannot be any question of umversal nhibitton of thiamme
yrophosphate Because the effect 15 observed only under aerobic conditions
the effect must be cxerted on the first step of alcohol oxidation
The results do not exclude the posstbility of tnhibition by disulfiram of the
omdative decarboxylaton of @ keto acds but the effect cannot be due to
ik of tt pyrophosphate as such but rather mhibiuon of the
oxidative part of the reaction
The ncreased values of blood acetoin afier admnstration of disulfiram and
aleohol are obviously caused by high pyruvate concentrations in the blood
Acetoin probably has nothing to do with the disulfiram alcchol reaction The
towaty of acetomn 1s only 2o per cent higher that that of ethanof and additts
with 1t (GREENBERG 1943) The observed concentrations of acetomn are so low
that they hardly can cause symptoms
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From the Institute of Neurophsiologs Unn ersity of Copenhagen, Denmark

Brrefringence of Isolated Muscle Fibres 1n
Twitch and Tetanus
By

AxtHUr FRERSTEDV and ANnELsE ROSENFALCK
Recer ed 26 June 1967

Abstract

Esgestenn A and A Rosexeawex. Br efningence of wolaed muscle
fibres n turtch and tetanss Aca phyvsiol. scand. 1963 57 1H—166 —
The photoelectnc measurement of changes 1 bircfngroce i st
frog muscle fibres dunng wometnc contraction 15 descnbed. Bire
fringence mechanical tens on and imtracellular action potential were
recorded simultaneoush, Duning & twitch birefnngence decreased
befo ¢ tension was developed and reached munmmum before tension
reached maximum, The decrease 1n birefnngence was 9 per cent at
equilibrium length at greater lengths the chan~e in birefnnmence was
less, 23 was twitch tension but even when the arcomeres werestretch
«d 1036 and 3 8 4 2 decrease 1n b refringence orcurred. Doubl peak
changes m phase difference 1 hich ha ¢ been described 1 whol
muscle dunng so.netn twitches, were not observed unless the {bre
rwisted 1n the heht path. The decrease in irefnngepce was the same
durm*~ tw ich and tetanus The decrease i buefparence dunng
contracon may be due to an incyeass n the number of cros
between munut  structural elements, or to 2 duplacement of water
w thin the fibre

The initzal phase of contracticn has been studied by measunng longitudis!
stffness (Gaser and Hir 1924 Buowtmar and RAastr 194) torsi? .
snffness (STEN hatp £v 19331 latency relaxaton (A. Saow 198 k:d
production (A \ Hirx 1939 1923 a) Light diffracuon (D h- Hie l‘b;) gw
volume (ErssT 1925 MevErior und Harrass 1934 and ABSOTT an! ot
5 1952) These changes were all found to begin before the des clopme?
positrve tension.

Postdoctoral Fellow of the Nzt onal Science Foundation 195758 Postdoctoral Feliow !
the Ly ~d 5.ates Publie Health Service 19,8—29
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Muscle acts as a birefringent medmm when hght passes the orderly arranged
long cham molecules myofilaments and myofibnils A recording of changes
birefngence at a ligh time resolution may thusadd to our knowledge of minute
structural changes duning activity A decrease m birefringence of v hole muscle
during 1sometnic twatch has been descnibed (vov Murarr 1932 BozLer and
CoTrreLL 1937) Von Muralt showed that birefring: reached
before tension reached maimum but his method did not allow the onset of
the two esents to be compared

The detailed time course of the change 1n birefingence of small fibre bundles
was d photoelectrically in pret y expeniments (RoseNFALCK and
Rosenrarck 1957) To ensure that the change m phase difference was not
caused by mutual displacement of the fibres the expeniments presented i this
report were performed on single fibres Moreover the relation between changes
1n birefringence and hght 1ntensity 1s simple when the preparation 1s thinner
than 168 s (see p 5) Fibres were sclected to have a constant dirameter and
phase retardation along the major part of their length It was the aumn of this
study to correlate the time course and magmtude of birefringence and force at
different 1muial lengths during wometnc twitch and tetanus In a number of
experiments the intracellular action potential was recorded as well

Method

THEOR1
Masrmetof lane b efrn gnc byme s eme tof hght intensity

To measure th changes n b fringence during contract on a s ngl muscl fibr
uspend 4 n am opt 1 sht ilummated by a parall 1 bundl of hinea ly polar zed
monoch omat Ight (f, n Fg 1) Entering the Gbre the compon nt of th ele trt
vet pa Heltoth fib aws (efractve ndex )t ansmitted mo  slo ly than th
compon nt perp nd ular to th fibre ax (ef cuv ndex n) After passas of th
fibe the e s a phase d ff rence @ bety een thes el cm fild v tors An analyze
Pl ced beloy the fb neoles out th 1oht ompon nt non d ection and the compo-

nts of the le tnc field ¢t s nth dre tion iterfere su h th t the hght nteas ty
aft passag ofth amalyz 152 fun honofthe phas diff n

um g arte tangul ¢ 55 tonofthe fb  (th ckness _b
the ntensty pe unt fib el ngthis

-as

dih % Fig 14)

= - 4
I z(coﬁ snPp w2 y—fisa m

bl P
whre g = _;_( — 17 the phase &iff ren ¢ m—n the b refrngence of th
b and 7 the el poth of th lght [ is p opo tonal fo th intens t-

y of the L ht
wth which th b e s Numnat d and depend on the diffraction scattering and
aborpt nofth fb and th  bsorpt on of the polan e and an Iyze (Pol rods)

the 1ght 1 t nsty wh ch would pass th analyzer pe unt area of a fib
boefngn e pl ced bet  en Polarods with th ¢
to ¢ ch other (parallel Pola o d }
10-6330i5 At phy | 4% 13

vith ut
Planes of pol r zat on pa all 1

s
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A B c
lllght source l light source

—

e

polarizer pofartzer
= =

)
‘pl &
£
T
o
fibre| 2b '——’Y extraordinary *
2a
analyzer analyzer
[ e e ]
l" ossed l‘c ossed

Fg 1 Lght path through the musct fib ¢

“The musele was illuminated by monochromat ¢ polarized 1 ght wath an mtens ty Tp
passage of the fib ¢ the 1 ght ntensity was Ie sed (p_90)

A As umed rectangular ¢ oss section of the muscle fibre {th ckness 2b width 22) \

B Asumed 1l pt cal cross section of the muscl fibre (la gest th ckness 2b largest width 22
d 1s the length of the ] ght path n the narrow fibre segment gven by d = 2b i zaxs 5o
post tothe light di ection y axis 1s perpend cular to thed ¢ cuon of the 1 ght Jane

C Th fibre was plac d witl 1ts long tud nal axissn th d rection X at an ngle y to the plant
of polarization of th polan r The angle betw en the plane of polar zation of the polanze
and analyzer was §

Alter

The angle y between the fibre and the plane of polanization of the polanzer (Fig 10)
was ct osen to give equal light components parallel and perpendicalar to the {bre 2us

(;4!-) thus provided diffraction scattering and absorption are the same for the ordinary

v

and extraordinary beam the Light was arcularly polarized after passage through c.b;

fibre The angle § (Fig 1 C) between the planes of polanzation of the polartzer n¢
of

analyzer was either Z (crossed Polaroids) or zero (parallel Polarouds) The 1ntensity

hght per unit fbre length for crossed Polaroids 15 denved from equation (1)
@

Tooa = 208 s § = ol (1 Epa —~n)75)

for parallet Polaroids
2
Ypuris 1= 201 cos &= ar (1 + cm';:(ﬁ ——n)zb)

Thercfore if the thickness b of the fibre rematns unaltered dunng 1 rosed
contraction  birefingence (n —n ) can be measured phmoc]ccmcall, For t,“da
and parallel Polaroids the changes i light itensity should then be equal in magn
and opposite in dir cuon

In the following 1t 15 taken 1nto account that the cross section of the
nearly ellipical' Wath crossed Polarards the intens ty of the light transmi
row segment (S} of the muscle fibre 1s (Tig 1B,

dty~ of |-cos%1<n - n)d)

muscle fhre 3
tted by n3f

]
ntesate ¢ pst

These ealeulavons w r mad by A I Hudey who kndly pf ced hus
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where d 15 the thickness of the fibre segment The intensity of the hight which leaves the
analyzer per umit fibre length 1s therefore

cnszlz(n —n)d
Toromed = | dly=1al { 1— - d (5]

a1s the fibre diameter perpend cular to the hght path
Substituting m (5)

d="b smg and y = cosa (6)
wh re 2h 15 the fibre d ameter parallel ta the hight path

Y,
Tonowsed = al 14 {cos 2l —n)%
4

H

sma |sna do

=al 1+fms (@ swa) s nada (4]
o
H
where @ — “‘l’f% s th phase dufference at th th kest point of the fibre
Integrating (7) by parts one obtains
3
A,.,,dsuldifcosusm(qi s n) da @
Introdu ng f= 2 — a we get
o ngf=Emaves
5
L =278 (@) ©
=
3
25
here S ((P)sTf (D cosB) s nifdp 0

ssthe Strun functon of frst orde (Jawve and Exor 1940 p 719)
The sum of feroed and Jparat 115 221 {equations (7} and (3)) Hence

Iz (4

I,u,n.c—,‘—(;——s ¢4 )) an

The relat n bt een Ight ntens ty and phase difference for crossed Polaro ds for
fbres with elliptical and rect ngula cress's ctons s g enm Fg © A g en value of
Light smtens ty corresponds 0 ev ral post ¢ and  gati e values of phase d fference
Withab ef ngenceatrestof 197 x 10— {se p 14) and 7 = 520 mp the peak of the
eun atd 37 rad ans would cortespond to a £b ¢ th ckness of 168 & Vy th few
except n th single fbreshadadam te of less than 1681 Hene & decroase 11,

7



148 ARTHUR EBERSTEIN AND ANNELISE ROSENFAICK

Wecknes  f pecmen for bir ¥ genc 192 10
143 %8 25? 3{‘! Ly 57? SRSy

e e n

2 s %
~0 " 4o 50 sé_séu 16001:5%15)0
e mp(a ssomy
asaf nctt
1 on (dott 4

gla-~-
R

F g 2 L ghtmiens ty after pas age {cross d Pola oidsand a bi efr ngent p € men
of phase differenc calculated {  an ell ptic 1 (full Line) and a rectangular cross sec
m

Sbscissae e
(bel w) phase differen @ of th th kest partof th fibre inr d an and correspo ding P

~ 1 tardavon [7

A
(r =329 mufo A=550mu)

2bove) thickness of th specim n assuming the bir £ ing pee o be 19 7 107

mtens ty  ath crossed Polaroid corresponds to a decrease 1n phase difference Sn ¢ d:
decrease 1n light ntens ty had a smooth coure throughout contraction and did no
exceed 12 per cent (seep 17 chanoes n phase difference vere confined to the port ot
the curve (Fig 2) wh ch 1s indicated by the arrows (0—3 7 rad ans ell ptical bre)

EAPERIMENTAL ARRAMNGEMENT .
1) Expervm ntel hamber (Fig 3 the stn~le muscle fibre (4) was mounted n Ry rﬁ;:
solution bet cen two plates (D) nade of black glass 13 mm long and 2 mm >
huch could be mo ed close and parallel to the fibre by four screws (C) T 00pen ©
1n the floor of the hamber were co  red by thin (02 mmy glass plates 4mm "I‘:i"
4 mm apart © that two eparate sections of the muscle { bre cauld be mm]m e 18
2) The Ringer s solut s onuawred 115 mM NaCl ? 7 mMACl 11 m\I”g :fwm”
m\ C2Cl,, 4?7 mM \aHCO and 3 per cent D~xtran which provided amd;:g o
pressure of 85 mm H O The olution wa bubbled with 1 per cent cqo. an 5; e
O, and the pH was between 73 and 76 Tubocurannechlonde (70 p per
ed to the Ringer o
ad;l) The trmpera.ure of the Rinser s solut on was mantan~d at 7 Gorat1? C;’m e
of 2 thernustor which co troll d the airculation of the glycol water muxture

chamber (D)
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Fg 3 Epe me | bombe fasct oms tonath pln 58

B e el Py i\ wsept | wRanger sabur 6 poast (R)) na 11 fmoedby
Plaes () gy tabl by crew (C) @ cuce byp mnglght (ns ¢ Bycons ted fhlack glass
B fblakplas ) On tndun 8 fih fb was omn tdsoaf transd ¢ RCA
538 (Bjandth th 1 o adpst F} puce mt o oewil} H nd¥ 3 reed tounnt the
fb bef th peams H w tdravnbef h todng
Th fb wa ¢ mitdan wipf b 1 todes () ton pdf mihe
U ¢ odex ()

Coal g(lqudwupuskd\h ehth d Bl wall ofth h mberf mh of ¢ (D)

4 Op faren ment (Fg 4t hghtsowc (2
(}?Vaolt Os am 555006 nn ¢ }to an 1830kt DCsou ce & parall 1 bundle of } ghe
fomd ofimatuglsn { pas dth ough 1 530 my nterf ceace filter {d) apolaczer
{e} and th mu 1 fbreinth cxper memat hambe % To avo d fens off ets at the
urfa th flud urceund n th £h e th spac of th evpersmental chamb r aboe
W Aifhonts 3 yes f8dwthRmgr soluton The potanaer F g 4 (e) and
anshz g ¢ placd th &1 planes of polanzaton at an angle of 43 1o the
&br Honc th palaz had ¢ plane of pol nuat an cuher pacatiel or perpendicular
o that of the nabze % tof ofl cting U nses (hy placed 10 mm belov the fhre
ot cadth dffaunsp taup tothe fourch order and formed an image of the fib &
vnaptt ofmikglas$  niront {he muliphie phototube (&) {(\Mazda 27 \3)
Themlglas asdas noughto Tmonateth eff ctof the unequal sens 1 vty across
th ocatdod of th mudupt e photowhe To mease  the onset of the change m Lght
ntens b th s gual 1ond € Eanowasne ased by replacing the mk glass with a ground

glass plat Lot nees of farg  goals m asu o suc €55 velv w th 2 m [k glass and with
aground gla  plat wese d nucal

as an a3  cooled tungsten lamp
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b

ne

Fg 4 St upforthere rding of the Lght
imtens ty change force and ntracellular act on
potent al
The 1ght source was a tungsten 1 mp (3}
Th 1ghtpa edth chopper (b) th € ndenso
lens (cj th aterfer n e filter (350 my ) () the
pol  zer(e) the muscle fib e the experimental
hamber (£) and the an lyzer () Afterpass 5
ofth apaly er th 1ghty ascollect & by lenses
{h) on a milk glass () anfont { smult p e
phototube (k Ma da 27 M3) Onc tendon cad
fth fib e was connected to the { ree trans~
Qucer (I RCA 5734) for the recordung of 1¢
on For ec d g of theactonP tential the
mmucroelect ode {m) was nserted nto th Bibr

K placed byam rosc p (p)byt Do
\J (o) thelgitsuc (q)\a:uscd{rob ns

of th = mawmum phas ¥t
1ng bre (B bn t compens £ 1)

50-;) \Rmmi ng of the changes wn I ht wtensty The multiplier phototube was supplied by
olts stabilized voltage Dynodes 8 and 9 could be shortarcuted to reduce the
photocurrent vhen very large signals were obta ned The output of the phmotubc Vs
amplified and displaved on one of the two heams of a cathode ray oscilloscope T 810"
resetting the zero level of a DC amplifier for each mtensity level an AC amplifier v 3
used with a time constant (T) of 15 sec and in the prelimnary expenments of 03 scc
In addition to the recorded 1ght intensity changes (/) a corrected time coust (rs

1
- 2 pd Abo
g to I "Lrl’d

the upper frequency hmut was adjustable An upper [ mitng frequency of 700 P dd
not distort significantly the shape of the 5 gnals but reduced the noisc level 0 hata03
per cent change 1n Light intensity could be discr munated The nois¢ onginated manY
from the hight source the dark current of the multrplier tube and the notse of the 2MP
fier were neghgible

6) Record n of 1somatric tension One tendon end of the fibre was he elongated

 omechan cal transdacer (RCA 5734) (Fig 3 E) the output of wh ¥

he other beam of the cathode ray escilloscope Chan &1
0007 P ) could be discrim nated

given 1 the figures Corrections were made accordin

attached tot

pin of an l
ampl fied and displaved on t
tension greater than 07 mg (¢
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7 The wctian otent al was ed off Hularly with 3 tronal ghass tectrad:
§lied wath 3% KO3 connected 10 3 DG amplifier wa a cathods follower The action
potential the change m kight mtennty and the tens on developed were recorded s mul
taneously by sphttng one beam of the eselloscope with an electrome switch

8) The stmulus consssted of 2 mngle rectangular current pulse with 3 duration of
msec orof a traun of pulsey (20—40 por sec) The stumulus 3 as appl ed ather trans
wer ely oner the entire length of the fibre oc to one end of the fibre The transveme
field was produced by applying the curr nt pulses through & @ sheets of platmum
14 mm long and 2 mm wide one placed below and the other above the plates wh ¢k
formed the skt (Fig 3 G} Two platinum electrodes (Fg 3 F) 1 mum long 110 thick
and 2 mm apart were used to suznulate one end of the fibre

With transverse stumulat on the stavulus was gradually mcreased wnt I the tenmon
developed was maxumum a st mulus strength of §0 per cent above this value was used
1 the experiments.

8) Meass ement of fib d mennoms ond phas  {a dation The fib ¢ diameters were dater
ramed { om enlarged micrographs fo the determunat on of the dameter pa allel to the
Tghth am the fib ¢ wasturned 90 The degree of strtch was determ ned by measunng
the 3a comere length from enlarg & m crographs The phase retardat on () of the
thickest point of the rest ng Fhre was measured by means of a Babmmet coropensator
For these measu ements and to wsert the m croelectrode nto the fibre a mycroscope was
rotated 1nte postion over the fbxe (F g 4 p)

FPROCEDURE

TP part nandmorntng fth 3 S ngle fib cswe £ isolated from the semstendinosus
ttuscle of Rana teperonia o Rana ¢ culenta The musele was mounted by its tendons mn &
perspex dush coma i nig R nger  olttion at 16 C The muscle could be rotated about
ts fong tud nal a0s 5o that the fibres could be more eanly separated and mspected for
irgury unde high magof at ot A sngle fibre was eparated £ om the + hole muscl
v it fae tssors and for eps and  as cleaned of excess tssue along iy ent re length
The sotated fiby wa LRed b th tendons and transf rred from the preparation d sh
to the chambe (Fig 3 An aluoun um cyl nder {6 mm long © 7 mm d ameter) was
pressedontoea Bt nd o nd of th fibr  one cylinder wa fix d toaplataum od {H)
and the other &l pped through an alum n um tube astach d to the wamducer arm {E)
and th nfx d by gueez nxth open bd Twist ng of the fbre dunng contraction was
pe ntdbrotatng @ rods H acd H

BP od g b owat Afier pla ing the chamb  ben cen the wmeo Polared
plates(Fg 4 g) th il b agth of the fibre was adusted by means of a m crom ter

ot (Fg 3D untlithetd as Just taut  th a load of about 1 mg (OO03 Py It
was e atal to p ey at b Fhre § m twisteng o o 1 ghthy dunng contrachon To
rduc Ightpanngbesd th A the sl £ was narroned to with n 50 4 om each 1de of
st Tt abs nce of zrt facts du to £h e movement to changes i daff act o absorption
and catt nngdu ng oot a ton was then ascertained by

2 card g changes n)ght ot oty equal n ampltede sad oppos ¢ th
cvos ed and pa ail | Pafaro & Peos e namnw

bios erta nngthatthe €1 200 hang nlght ntensty  benthefbrewas Bum nated
with non potanzed { ght {ce p 14}

3y Bz dng end wessr ment Fo latency ten gwitch were
recorded at 5 scc wnierval To deterne nse tme and maga tude of the changes in
bref ngn andtnsonfic cord ngsmer taken two with the Polaro ds crossed two
w thth Polaro ds parall 1and one with th pol rizerr mosed The reco d ng p ocedure
was foll wed both for 17any ene and end st mulaton and with th Sbee atd ferent
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fight
nltensity

nge” 1
pereent 4
0,

Fig 5 To show that the charges in 1 ght mteas ty axon

ated w th a deerease 1n birefringen e during a f feh were
q ndent cal an sh pe and of oppos e ign wth Polarods
kt crossed {A) and w th Polaso ds parallef (1)
The phase retardation at rest was 199 mype and the chang
1 1 ght antensity correspond d to 5 per cent decrease &
bir fong nce The thsn b gves th tom ¢ umcof (Al
carrected for the d stortson by the t me constant of the am
phifier (1 5 see)
C “on polar zed 1 ght pa s ng by and through th fibse
. duning & twitch rem ned wnalter d ind cating that the

8
5
0 J
|
c change & hight mien ty raused by the & crease in bir
o W € ng nce 2y not diorked by a 8 placement of the fire
i orby chang il ght seattering and absorpt on (§ romere
2 length 24 7 € transvers sumul ton)
@ 200 400msec

lengths At cach length the phase setasdation and the sarcomere fength were detem aed
for the resting fibre With the fibre between cro sed Polarowds the hght intensity changs
sere expressed an per cent of the | ght mtensity passed by the fbre at rese 1 was mess-
ured by chopping the bght mechameally (Fig 4 b) at a frequency of 110 persee The
corresponding cf ange tn phase retardation sas determmed from 1 e1l corenealcune
for the cllipncal fibre (Fig 2) The changes m 1 ght imtensiy are equal n amyl wie
but oppostte 10 wgn when the fibre 15 betweer crassed and paralle] Polarouds TTerc
fore the hange wn lght inten 1ty with the fibre between parallel Polarods as alo
expressed 1a per cent of the hight transmuted through the resting fisre betweed
crossed Polarods The change n hgtt sntensity  vhach may be causc by seauenoe
and diffraction as well a3 hanges 1n bight pass ng bes de 1 ¢ filire were expressed 1
per cent of th atensity of non polanzed Iight transmatted by the fibre at rest

Due 1o the hight  hch b passes the mu ol fibre in the st¢ the mnp nsy (B
pat e J of non polas zed light transmutted by th e restng fibre 13 1 coutd not brn‘f-‘“"
ured directly nor could the hght antens 1y be measured  th paraliel Polarords (st
without nterfecen  of bvpassing hght

In five expenm nt bvpassing hg! ¢ was cummated by narr  tag ¢ sht and Jus
potarzed a0 I onr 1 could be men ured

It s as found that

7,
£ ptersed = 14 (L romes v &y 11 an

That fas poanses ¥33 501 MIPIY the sum of F g 0d Jp Jit w23 GUC ,,,(;hz
absarptson of hight n the polarz + Since bypassing § ght u vally coutd not be 230 .
Iy nettq was determined from th <alie Of Zeypwers and the phas retardation at rost
nr e w23 then a) ulated from eq 1amon (12

L0 solorsivg Ugh ¢ cran mitted by » 100 g1 Tbre slumminated by non polaneed
1 ght 1s approximately 50 per cent (BerTinAL, Aeapees and Sjustravp 3939 o
the wntennty of the 1ght wiich would be transm tted through a aht of the sar®
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tight
ntenst
Fg 6 ChangenIghtmtens tyfo crosied P larods 4 i
companying a decrease n bref gen e dunngan el
som tt twich when th imtal phas fetardat nof o,
th fb wasl w(A) ndhigh {B] '\| ,
tamn 2 Jow initial ph se etad t n (23 mpu)

the Wiptcal fib was pl d with th mumor aus 0
(1252)p Ult th hghtp th t obtamabgh 5
tal phase etard t n (460 my) the fib  was placed
wiith ma; as(238 g p alidtoh ighip b %0
Th wrgula hp andth gre tm guted ofthe g 30
Ight mtn ty hang mdicat th t th fib  twisted s
\ghlydunng mir cion Th <xpenm ntwasther
{:ef‘)‘md“dd nth mna‘ml al(Tblell;‘ng 10
g Th thon hnes g1 tm cours err
th distorti nbyth um o3stantof th ampl i — \ 0
(03 se) (Sarcan length 214 12 C tansierse
sumulat n)

PR S T
0 0o 200msec

&
as the fibr 1n theab nceofthe fibe as27  potarsed Changesinlight ntensty n
n npolant ed Lght due to scattermo diff action and absorpt on were expressed a pe
entof I ormed

Changes 1 bypass ng bight + In B v ere added to the aforementioned changes v ere
alo exp cssed 1 per cent Of J on potanzet although they should have b en expressed in
per cent of 2 X Tao p lareed This gives a safl tv factor n the esuimat on of the artefact

Results

ETIDENCE THAT THE CHANGE IN LIGHT INTLASITY IS A4
VE{SURE OF THE CHANGE I\ BIREFRINGEACE

1) As expected from theory (s¢e p 5) the decrease in birefringence for a fibre
thinner than 168 # was accomparued by a decrease 1 light intensity for crossed
Polaroids (Fig 5) The change 1n light mtensity was equal 11 size and opposite
1n direction with crossed and parallel Polatoid (equations (9) and (11)) That
the nowe level was greater with parallel Polarods and 1 non pelanzed light
than vath crossed Polaroads v as due to the light which by passed the fibre mn
the sht

2) It could be expected from theory that the direction of the change wn light
mtensity depended on the phase difference at rest (see p 3 Fig 2} This vas
shown experimentally 1 fibres whose major axis was greater than 168 s and
differed substantially from the munor axs When the hght passed through the
munor axs (phase difference at rest smaller than 37 radians) a decrease in
birefingence + as accompanied by a decrease 1 hght mtensity duning con
traction (Fig 6 A) When the fibre was rotated and the Light passed through
the major axss the phase difference was Jarger than 3 7 radians and the con
traction was accompanmed by an increase in | ght intensity (Fig 6 B)

3) Finally Sbres 1 1th a phasc difference at rest of about 3 7 radians showed

no chanees n light intensits during. {though they de eloped normal
tension
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Table I Caleulated changes 1n hight wntensity caused by twsting of the fibre

Fibre Twast | Per cent chanpe 1n 1ght intensity
d amet
PR (e Non  [Folarowds comed Polarouds parallelt
e [PORM ker | For 10| For cwst|For | For 107 |For tomt
zed
grees twit decre | plusi0 / | twist decrease | plutld,
alone nbiefr |decreas |alone m byrefr | decrease
mmn. | max m b refr i brefr
A, Minor diameter of the resting fibre parallel 1o the 1ght path
120 2001 o ° 0 | ~105] —105 0 | 4105 | +105
10 f+ 1)+ 18)~105] -85] — 18] +105) + 95
25 |4+ 51— 04(~105] — 97| + 04 105 +17
32 0410 | — 11 ) —~105) — 85} 4+ 11 4105 ) +185
47 1 4+20 [ — 681 ~105 | —ns | 4+ 68| +105] +3
0 | +40 -39 | 105 ] -3 | 430 | 4100|472
100 [ 120 o o o {120 —120 0 | 4120 120
20 3 4+ 11— 06]—120 | —135 ] + 06 | +120 ] +143
36 ) 4+ 54221 -120) — 99| ~ 22| +120 | + 19
SUE+10 b4 07 ) —120 ) —113 | — 07 ) 120 | 428
9 | + 17|+ 21 0] —8a| -2t +120] 42
B Mmo d meter of th et og fb e at an angl to the light path
120 [ 200 | o [ 0 [ —105) —105 o ] +105 +xﬁ
0] - 1)-18]-w1 ] 21|+ 18] +101 +1“
25 L~ 5|+ 04] 94 —y04) - 04+ 94 +0J
2L ~1w( +11 -8t ~95]—-11]+81 ‘60
47 1 ~20 4+ 72— 48| ~g0|-70]+48 "7
9% | - 40| +6r Jnt| 147 | -6t [ a1 ] -8
100 | 120 o ] 0 | —120] —120 0 | +120 +:§g
20 )~ 1+ 06 -130) —us| — 06 +130]F os
36 > 22 -tis | —ys9 | 4 22 | 41194+ B
ol f ~10 ]~ 07]|—ns| —~126] + 07 +:;19 i
%0 l-21|—w2| -ms |+ 21|+

In per ¢ nt of non pola red Light t rest (seo r9

In per cent of th Ight transm tt d by the rest ng fbre with D laro ds rrmmtd o e
The fib € 19 as umed 1 twist dur ng contraction to o posits n wher them orda

1s parallel to the 1ght p th,

SOURCES OF ERROR o
Changes 1n light intensity other than those indicating the change 1n bre r|c 51
ence assocated with the contractile process may anse from (1) 1 chr:‘r;g o
light path due to twisting of the fibre (2) a change in the amount o{bnchnf o
substance due to stretch or shortemng of the fibre and (3) either a e
combimed with (1) and (2) a change 1n Light scattenng diffraction 2

sorption
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Q
i3
.’7.3‘}':'3

-]
0
Tg 7 Toshowthatt suog d  ng contact o 5
15 ¢ mpan ¢4 bf.:a « dowble d;;)eak fi nge nphast 7 -0
eta d f1 nfer sed P laro -
e e e a3 ghily tw 1ed Bb ¥4 15
B and C Add ton 1twisting ducing ont a

ton caused by otat nof end nth  esung
£ib

\ia damte of th fb 123y (pasali 1ro

£ U4
the lght path; may d m ter 460 th phas s
©1 daton at estwas235my (Sa comere fength
21p 1 C wan ez bmudat n) -1
Th thws Ins g th tm conse o cted 15
£ thedust ri nbyth tun  onstant oftheam

pifie {03 cc}

[T W
a e 202meec

1} Twusan, of the fibre (Table 1) Swce most fibres have an elhptical cross
secuon a fwisung during contracuon czuses not onky a change in light path
through the fibre and therefore a change in phase retardation but ale a change ta
the amount of light pot trasersing the fibre. The Iight intensities to be expected

i a filre placed wath 1s mouor axs at different aegles so the bight path nere
calewlated by nunterical i of the

from small
of the fibre a1 ress and dunng ¢ atracton (equation {4)) $ith crossed Polarosds
and an angle of puist of less than 30 the change m bght wtensity due to twist
ing dunng contracuon may alter the decrease o birefangence by at most 2 per
cent With an angle of twist of 90 degrees and 2 highly elongated cross section
ihe change an bight sstensity 18 predommanty due to nvsting Warh pasaliel
Polaraids hight passing beside the fibre compensates for or adds ta the change in
fight ntenmty caused by the change wn gt path and the change in light in
tensuty due to twasang 13 ms guificart as long as the angle of twast 1 tess than
30 In farr of one end of a filwre with a highly elongated cross sectron was
nusted 30 the hght intensity changed 1 4 more camplicated v ay dunng
contracton than predicted from caleulation {(Table ¥ Fag 7} This was probably
due to the vamata in phase retardation along a tsted fibse

To make certain that © sstmg dusing contraction did not obscure the changes
w bght weasin, due to changesia birefi e fibres distarded in sy hch
the change 1n kght intennits 1 non polarized Light exceeded § per cont of the
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"’;ﬁg” tight
G
00T A changel
I per cenf
't 0
200"
100- t
NS
’ =
+
B
200-
+5
1001 1
0
o kil
4 Fog 8 To stow the ckangeinl ehtunten 1y (I}
c and tenjon {P) durng an om tric ta tch
{A) crosed Pola ads (B) par llel P larxds,

200 (C) nonpol i1 1 1ght The phase retardauot
at rest v 2320 m and tbe chany nights

2 T nnty corrt pend 4 to an 8 3 per centd e
1004 £ . + 4 tuef mgenc N
" WMQ 0 (Sarcomere length 24§ /G transerse 1
ulat op
Th tr  constam Tofth amplf el
o I3 cord ng of hight nt n ty hang w2 l(de;(
Thethmh g esthetm cou secorrectedr
Lo 8 )} thed tort on by T
0 200 400 msec

hght transmitied by the fibre at rest {sce p 9) The ab ence of twisting ¢
furthermore indicated by the numentcally identical changes m hght ntensity
duniag contraction with crossed and paralie! Polaroids

In most instances 1t was possible through micrescopse observation to adjust
the fibre so that there was almost no twisung

2) Skortentn, of the ssometnucally comtrachn fibre The maamum shortemng
duning an someme ¢ontraction wiach conld occur due to movement of the
lever of the transducer 1 <as § 5 per cent f the fibre tength The corre pondin”
0253 per cent increase 1n fibre diameter caused a 05 per cent ncrease m Iu;h;
ntensity with crossed Iolarods and an msigmficant decrease with parahie
Polarowds In non polarized hght the increase in thickness due 10 shertensng 3 35
associated with a decrease in hght passim  beside the fibre of at most 023 per

s due 1o diffraction
samnt

cent
3) Dyffraction scattering and absorption Light intensiey chang;

scattenng and absorption are easiv detectable because they have 11\;" e
direction with crossed and parallel Pofaroids and in non palarized hgh
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Fg 9 To h wthatth d cres b
frngent du ngatwitthbeprae loa d
atahgher rat thanhe ncr as 1 $om t
ntn nu
B was 1aken wih 3 4 £mes exp nded
um base Th Iw ‘n u‘xhnlb\l;m‘:\
was cbtand by eplong mtk glass -
th*1sed ns groundglass (p 6) (Phawe I "

00
tadat mat est193 my may dam ter B
100, sa comerel ngth 254 7 C fans B
msenm lat
Thotm ot ot T oopl{ {x s 50
ec dng of lght mtn fy hanges was v
T35 Th thalmem Ygr oF the G
ourse oy td for b distort by T

wasn ditort nbvih tm on L 0
g s R !

change 111 absorption duning contraction 1 anly of the order of © § per cent and
therefore neghgible as a source of ervor {Buotrtravetal 1939) \ore important
are changes tn diffracuion or seattening and the optical armangement was dengned
1o reduce these sources of ervor {(sce p 6}

In summary the follos ing critersa ascertamed that a change in bght
tenmity durng contraction correspunded to a change in birefnngence

1 The change 1 hght mtensity with crossed avdd paratlel Polaraids was equal
m osize and oppostee 1w direction

2 The change 1n hioht sntensity 3 1tk the fibre m won polanized hght wasless
thau | per eent

BIRETRFNGENCE 1VD THICF NESS OF THE RESTING FIBRE

The twefnngence of the restng fibre averaged 192 = 003 x 10~ (17
fibres:

The munor dameter of the 61 fibres examined was 50 10 160 » in 41 fibres
30 to 120 u the major dumeter + 25 80 10200 o 10 48 Bbres 50 ta 180 4 n
5 fibres above 200 The ratie between the major and the munor drameter

ranged from 1 102
BIREFRINGENCE OF THE CONTRACTING FIBRE

) Chang s n beefia o and tenson v ded simulfansously duarine on rsometnic
tech A typieal record of the changes i hokt wrensity and tenston dunug a
® tteh ts shovnan Fig 8 The chanee m bght miensity had equal size and ao-
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Table I Time relatsonship betueen the change i bsrefringence and the turtch tesion
Latenaes, ume to half peak and to pesk amplitude

Transverse sumulation End sumulation

74 12c 7¢C 2c

f T t Ty f Ty 4y T

gt |15+ ]| 572 ] 68+ | 1062|1535 ] 82214

S EM 04 06 04 03 05 07 05 07
Hh-7y 3205 11£02 47407 33205
No of experiments 14 10 8 ]

t Ty 1y T 1y Ty t M

191% | 3264 | 1774 | 2374 j2364 | 350|186k 25_2:

S E M 14 23 12 13 19 31 08
o ofexperments 10 9 5 7
s A A T ) T t T
191+ | 960 | 297+ |08 |62 [9rax [476% 6832
S EL 62 63 35 43 4, |no 29 |46
"o of exper ments 10 9 5 7
#Sarcomere length 244 247 250 253
e
1y Latecy of decrease 1n biref ngenee.
Ty Latewcy of the pos i ¢ tenyon.
ty Tmefomth sumuly to half the maminum decrease n bircfnogence
1y Tim from th sumulus to half th peak tems on.
t, Tm from the sumulus ¢ the maximum d crease 1 b refangence.
73 Time from t}  stumulus to th  peak tnuon.
no
poste direction with the Polaroids crossed and paralle] and there was !
faster sl

change 1 hight intensity 1n non polartzed light Except for the
nise and 11 a shight lncrymsc 1n phase retardation at the end of the twatch 1‘::
tme courses of the decrease in phase retardation and of the increase m 167
were simlar

Latency and rate of rise With transverse sumulationat 7 C the first ‘anfa‘:
trefringence occurred €4 — 0 4 msee after the sumulus  the onsct ‘g:;; "
development was 32 - 05 msec later (sarcomere leagth 243 = 4 1o the
When one fibre end was stimulated so that the activity was wnduntdecmy
region in which bisefringence was measured birefnngence started 104 7507
106 & 0.5 msee after the sumulus and tension started to develop 47 =
smsecs later {7 C sarcomere length 24 — 2.5 ;¢ Table 1)
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1948
Infessity
chang
per cent
[ o
40, s
201
o
-20 4 190
-:aE ¢
-2 A
_aeks
tension
mg

th wtraccllafarly recordnd action potentia} {A) the onses
T i e e b, e S R . (5 (o
retardavon ¢ est 110 mp, equilibrnm lengh, 7 €, end-stimulst on)
Beloe

te (. smserted clos to th edz of the fumunated part of the muscle
ﬁbfc (S)El:d::ub ‘&;’.ﬁmm sumula my ek Duc to th roovement of the fibre
The lecorodel ftth fibr ¢ 1he e mécaled by b artw

b uvm constamt T fih amphfier fo ecording £1ight mtens ty changes was Lasee, The
distoruon by T was orgl gibt

With transverse sumulation at 12 C the latency of the change in birefringence
was } 1 £ 02 myec shofter than the latency of tension  stmulatng the end of
the fibre the difference was 3 3 £ 02 msec

Atboth 7 and 12 C the rise tunte of the chan~e 1 bireftn genee was shorter
than the nise tume of tension (Fig 9) halfas lon,, to peak and 30 per cent shorter
to half peak with transverse sumuiation (Table 11) The difference tnrse tume
ben een birefringence and tension vas not due to the fme constant of the
amplhfier ned for recording of hght imtensity changes (Fig 9)

The rate at which brrefringence and t:mmn r:tumcd o the pre twitch level
was the same When rel was

d for about
200 msec by | 6 per cent of the bxr:fnngcnc: of the resung fibre (corrected for

the distoruon caused by the lower haoutng frequency of the amphfier x
with a mean

decrease m birefingence of 7 per cent}
2 The atun potentig! the decrease 1 bugfrin enee end funtch tension

toously The fibre was sumulated at one end and the meracell
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Table II Tume relatronshtp between the change n birefringence and the tualch tenuion
Latencies tume to half peak and to peak amplitude

‘Transverse sumulation End st mulatr o
7¢ G 7G 12C
4y ] A ty ] A 4y A t 1
844 [ 1154 | 57| 68 1062|153 ) 824 (M4
SEM 04 06 04 03 05 o7 | o5 |07
H~Ty 32405 11.4+02 47407 33205
No of exper ment 14 10 8 9
ty Tg 1y T2 ts T ty T
1914 [ 3264|1774 2374 | 2364 | 350% | 186 (260
S E M 14 23 12 13 19 31 08 |15
No ofexp rments 10 9 5 7
ty T ts T X Ts t ' i
4913 | 960+ 297+ {6081 |6424 | 964x [476% 6‘:*
SEM 62 68 35 43 45 | 1o 29 |4
No ofexp rument 10 9 5 7
18ur omer length 744 246 250 25
ty L tency of 1 cre n br fringence
T, Lat ncy of th posit e ten on
t; Time from the tmulus to h If the maxumum deerease n b efmngenc
Ty Tme f om the shmulus to half the peak tens on.
t Tme from th tumulus to the mavmum decre se n bi efnngence.
73 T me from the stmulus to the peak tens on
was no

posite direction with the Polaroids crossed and parallel aund there al
chanpe 1 hght mtensity 1n non polanzed hght Except for the faster r_lhmt;‘t
nise and for a shght mcrease m phase retardation at the end of the twit -
time courses of the decreasc 1n phase retardation and of the increasc it tensi
were similar

Latency and rate of nse With transverse sumulationat7 G the first change £
birefringence occurred 8 1 4+ 04 msec after the stmulus  th
deselopment was 32 + 05 msee later (sarcomere length
When one fibre end was stimulated so that the activaty w1s €0
region mn which birefringence was measured birefringence starte
106 4 05 msec after the stimulus and tension started to deselo]
msecs later (7 C sarcomere length 24 —2 5 ¢ Table I1)

e onset of tension
2442004 )
nducted to the
Jd to deerea-€
p 4720
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An example of the change 1o tension and birefnngencen a single fibre s shown
1nFig 11 A and the averas € curve of 19 expenmentsn Fig 11 B

At sarcomere lengths of 36 and 38 y (64 and 73 per cent stretch) the de
creasc 1n birefringence during twitch was sull viuble and amounted to 6 8 and
04 per cent respectinele (10 expenments) (Fig 12)

4 Comparison betseen the decrease s burefringence during tuatch and tetanys In six
fibres birefringence and tension v ere recorded dunng twitch and tetanus at 7
and 12 C The fibres were at cquilibnum length or slightly above 1t The
decrease 1 light mtensity was the same dunng twitch and tetanus tension was
30 per cent greater during tetanus than dunng tvatch (Fig 13 Table 111)

5 Deterworating fibre Recordings were never taken belore one hour after the
fibre was mounted 1 the chamber and the fibre usually remained 1 the
same condition for several hours When a fibre was detenorating the bire
frngence mncreased at rest (Bucwriar and haappess 1931) andthe changessn
birefringence often were altered before twatch tension decreased Changes 1n
Lght ntensity dunng contraction might suddenly re erse as if birefingence
increased by as much as 1o per cent (Fig 14)

Discussion

Dunng sometnic contraction of whole muscle even 1f only a small part 15
illuminated and the muscle 15 compressed 1t 13 impossible to prevent changes in
the light path }y small displacements of a few fibres nor because the degree
of stretch vanes 1n dufferent fibres (BucwTuar haser and Rosexrares 1921)
can the relationship be established between the mital degree of stretch and the
change i birefnngence \leasurement of birefnngence and tension 1n the
wolated fibre avoids these sources of error In single fibres BucrrnaL and
haaPPEL (1939) found from the displacement of the wnterference fringes a
fall in birefx dur n; but their method did not permut
the ume course of the change to be followed With light ntensity changes as a
measure of birefnngence the ume course can be followed In single fibres

h a phase difference smaller than 3 7 radians the relauon bet cen bire
fangence and light intensity 15 simple and unambiguous

We hate found that birefringence decreases before posttive tension develops
m single muscle fibre dunng sometnc twitch In agreement vath van \uralt &
findings 1n whole muscle (1J32) ireftingence reaches 1ts mummum before
the peak of twitch tension From experiments on 1 hole sartonus v oy MUrarLT
(1933] grves an example of a 27 per cent decrease 1n phase retardation  Bozrer
and Cortrete (1937) found in whole sartonus a 30 per cent decrease They
measured continuously the displacement of interference frnges representing
changesin mauumum birefringence changesinbirefringence measured by changes
1 hight intensity rather are changesin average birefnngence Thus may explain
+ hy the decrease i birefringence m single fibres only averaged 9 per cent The
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change 1n birefringence found by von Murart (1932) 1n whole muscle had 2
more complex course than in the 1solated fibre it had two mintma the first
shightly before the peak of tenston and the second during relaxation In solated
fibres such double peak changes 1n phase retardation were not abserted unless
the fibre twisted duning contraction

The brrefingence of the muscle fibre 1s the result of crystalline birefringence
form birefringence (Stuier 1923 Novrr und Weser 1934) and possibly polart
zation phenomena 1n narrow shis' (Hons und Znotgr 1993) The decrease 1n
birefringence durning contraction may be due to an mcrease m the number of
cross lnks betwecn munute structural elements or to a displacement of fd
within the fibre (A F Huxtey 1957) In polystyrene an increase in the number
of cross links may account for as much as 65 per cent decrease tn birefringence
(GurxzEe 19245 A formation of cross-links would diminush both cry stalline and
form birefningence

The increase n torsional stiffness during 1sometnc contraction has been
1nterpreted as being due to the formaton of cross hinks (Stoy Ktpsen 193)
This phenomenen has a time course smilar to that of birefringence i the
imtial phase of contraction Torsional stiflness mncreases and birefngence
decreases before postive tension develops and both reach peak before the peak
of tension The decrease 1n birefringence was the same 1 twitch and tetanus
whereas tension was 20 to 40 per cent greater 1n tetanus Similarky dunng
trahsttion from twitch to tetanus torsonal stiffness increased less than tension

The early unset of the change in birefangence sts steep fall and the 1denucal

ange m twich and tetanus indicate that the decrease 1n birefnngence may
be related to the prcess of actnation (actne state 4 V Hix 1949 1993 1)

Dunng twatch of single fibres at higher imual lengths birefringence chan ed
less as did tension  The development of tension 1n contraction has been at
tnibuted 1o the mteraction between A and I filaments in the sone of overlap
(H E Huxiey and Hanson 1924 AL F HUXLEY and \MEDERGERME 1904
Hasnsov and H E Hoxeey 1920 A F Huxiey 1957) It was therefore near
at hand to localize the site of the formati »n of cross links to the zone of overlap
Hos exer 1n a fibre stretched to a degree that there 15 no longes any overlap 2
formation of crys links between A and I filaments cannot ecount for the
decsease 1n burefnr gence Nor can the change 1n polarized hight at long len ths
be attnbuted to a decrease 1n fibre diameter due to pssive steetch of the middle
part of the fibre when 1ts ends shorten stnce non polarzed Light remaned un

need duning the o ich

Chax i;iup!accmim 1 ater within the fibre may alter the form blrcfnm{;"‘f:
and the sht polanzauen since both are attributable to differences 1n rcfrﬂ“ e
sadexes of the structural components In addion 2 shuft of v ater aﬂ';tnm N
fraction of volume occupied by the mmute structural clements  Refr

Thus pescbal ty wes supgested by D R Larer
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1ndeves and valume fracttons have hitherto not been determned 1n the iving
fibre during contraction This makes the evaluation of the decrease in birefring
ence 1 terms of flurd displacement rather uncertam

In the detersorating fibre Inrefringence may remam unchanged or even
tncrease durng a twitch This may be the result of local contraction of the un
damaged portion of the fibre pulhing more birefningent material snto the hoht
path 21 the expense of the imured portion These irregulartties may occur
before twatch tenston ss reduced but the subsequent decreas mn tension tndicates
that the fibre 15 deteniorating

TH auth rsw hto pes the thank to P ofessor F Buonmiar fo o bnual en ourage
m atacd h lp and to M s Bexee Minssisex for techn alassst o

W are dbtdt PrfsorA F Huxtey F R S f permisontouw I scalen! tonsof
th rel ton betweenleht nte tya dbrefing ¢ § the el pical fib e
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Slow and Fast Muscle Fibres 1n the Atlantic Hagfish
(Myxmne Glutinosa)
By

P Aspersen J b S Jaxsenand ¥ Lovvne
Rece ed 8 Jurc 1962

Abstract

Axperses P J K S Jaxsen and Y Lovane Slowa d fast musl
fbre nithe ttlantich gfi h Actaphys ol s and 1963 57 167179 —
The tv o ht tologr ally d flerent types of mus le fibres in the pan tal
mus le of the h gfish have been stud ed by m 2ns of internal micro-

lecirodes 2 d by re o ding th me hanical response after stimula
ton of thet moto nerves Th one type of fib € g es rap d twitch
contract on of bout 150 ms ¢ durat on whle those of th other type
last mo e than 500 msec Accordingly the nus le fibres are called
fast and slov  espc t  Iv The resung membrane potent als of the
fast fibres ere 746 mV (S E 03) thatof the slo  fibres 46 mV
(S E 05) Indir ct sumulanon of the fast fbres evoked a character
st foc 1 nd plate pot nt 11 one end of the fib ¢ The end platc
potential gave 1 ¢ to a conducted act:on potent 1 with osershoot
Th fast fbres appear to be innervated w th o by one motor axon
each Inth low ft ¢ distnbuted junction pot nual werc obtatned
on ndirect tumul ton Th time course of the junction patents Is
aned partly on ac ountoflocalspkea t 1ty On epenu esumula
ton of low {'bres a plat au depolanizat on was eached which only
moderat Iy exc eded th pe k of a mgle junct on potential. The

slo  fibres usually nucrvated with & © motor axons reaching the
fhire [rom each end

Since the description of two funchionally different types of striated muscle
fibre 1n the frog by hurrier and Vatenas Witiiavs (1823a b) the slon fibre
system has d derable interest Its p has been
1n all groups of vertebrates except mammals (see PEacHEY ( 1961) for a review)
Hov ever there appears to be considerable differences in the funcizonal prop-
erties of the \anous slov muscles 1 hich have been studied Even the clasufica
tion of one type of fibre as fast or slov may sometimes be difficult Therefore
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an investigation of the properties of the panetal muscle of the hagfish « as
considered of wnterest The hagfish 1s one of the most prinutise sertebrates and
the of two lustologically different types of muscle fibre has been
known since the work of Maurer (1894) and Corz (1907} Irchminary observa

tions on these muscle fbres have been reported earlter {Jansex and Asperser
1960)

In the panetal muscle of the hagfish the muscle fibresare regularly arranged
longrudinally i myotomes Each fibre extends throughout the entire length
of the myotome a distance of about 3 mm The motor nerves run in the myo-

7 g the myot The two types of muscle fibre can be
disunguished by ther size and hstological appearance The thick fibres hate
a motor end plate at the end of the fibre The thin fibres on the other hand
are usually supphed by two motor nerve fibres one from cach of the adjacent
myocommata These nenve fibres run along the entire Jength of the muscle
fibre and show numerous synaptic expanstons in their course {JANSEN ANDERSEX
and Jansen unpublished)

Methods

The expeniments were carried out on the pariceal muscle of adult hagf shes (st
glutinosa) The ammals were decapitated and about 2 em long pieces cut out of the body
+ all muscles in the middle part of the amimal ¥ arucutarly tf ¢ ventral part of the mule
consist ng of a fa3 Iy thin sheet of muscle fibres was used after removal of the oblg ¢
. superf cral muscle The preparation was kept in a bath of sca water or an aruf sl salt
solution between two clamps The solution used conta ned NaCl (5.0 m\) KCl
(11 m™M, MgCl, (16 mMy) and CaCl (5 mM) No parucular dedference was obsen
between preparations m sea water or the arufical solution i the present expenments
The preparation was dissected by means of s nall forcepses i (ransmytted | gltundera
dussection mucroscope unt } 3 Jinsted number of muscle fibres rematned an the are3 o
be tuded Th o wwpes of muscle fibre are clearly distngunhable under & @ T
scope The exp wer ali p i at room temy 8—>0 C)

The recording electrodes were glas mucropipettes filled wath 3 A AC) Trarre 1
ances measured 10—,0 M The recording system was comvent on | with a cathode
follow er imput stage the grid current of wh ch wasles than }0 '3 Afier D € ampllfc
yon the responses were duplayed on a dual beam oscilloscope On  beam was kept 23
2 zero m\ reference hne Dnftin th svstem was occasionally d te 1) after !ﬂﬂdlm}
of the efectrode and the observaton discarded Th ris tm from 10 1o 90 per m\‘]"
an applied step soltage for the whole ystem w th a 20 M{2 electrode  as approx mat 3
220 pesec "

The motor ncrves were sumulated by two 0 | mm smsulated sil e wires Xep ‘Rd
together by a armush and apphed to the myocommata Rectangula pul & dmz’;}ly
ntenaity and intersal wer  upplied by two strmulators The pulse d 5 tiop wa W
01 to 02 msec

Contract on of 2 group of 5 to 10 muscle £ bres was recorded b 3 RCA J734 m::;hﬁ‘r:
vahe the anode of whi h was extended by a glass tube 1o U nm 3 ;}unﬂ;ﬂm
stee] noedle was festened o th endolth glastrod [l pp was nscried "“’\'m Fed
nects ¢ ussue of the myocomma  lose to the attact ment of tt ¢ muscle fbn‘ ol
1o this lever the muscle fibres wer  allowed to shorien Joas than §  of 4

length dunog the contracton
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Resnlts
The hagfish parictal muscle offers 2 considerable advantage 1 that the two
types of muscle fibres can be readily d hed under the d: micro-

scope The one type 15 thicker and of a glassy appearance the other 15 thin
granular and of a bghtly browmsh colour The thick fibres predommate on
the peritoneal surface of the preparation while the superficial layer of fibres
on the lateral side are mainly of the second varety (Maurer 1894) When
the motor nenes in the I septa are lated the o
of the two types of fibres 15 easily obsernned That of the thich fibres 1s rapyd
and ts1tch ke The thun fibres on theother hand contract moreslowly Therr
prolonged relaxation 15 particularly evident Usually the two kunds of fibre
contract Iy Then the rel 1s seen to consist of a raprd and
a later slov phase Under vanous experirental conditions and by careful
adjustment of the intensity of the simulus one can observe contractions con
sising mainly or exclus: ely of one or the otber type In the following these
fibres vl be called fast and slow fibres respectively

Mechanical responses The te 1s10n changes folloy 1ng single shock stimulation
of the motor nesves 1 a muixed group of muscle fibres 1n the thin ventral part
of the parietal muscle are llustrated 1n Fig 1 A slightly suprathreshold stimulus
ehated a tvuch contraction of about 150 msec duration and a peak tme of
60—80 msec (F1g 1A 115) A modcrate increase n stmulus intensity made
a second slov er phase pp: The d of the ¢
vasnov more than 400 msec and thesloy relaxation of the second component
was clearly seen The appearance of the second component in the tension

record was alsays cotrelated with visible contractions in the slow muscle
fibres




170 P ANDERSEN | h.$ JANSEN AND Y LOVNING

Poof
fbes
a0

h?

At
ﬁwﬂh W
i J:OW ,.le éomﬁjmzr o

7 g0 0 mv

Fo 2 Histogram of restine membrane potential of fa tand low fibres Membra ¢ patentsal
along absc  a and number of Gbres 1n each group along the ord nate Slow fbres open columas,
fast { bres eross hatebrd ™o overlap between the two groups

The twitch component of the contraction was more suscephble to fatgue
than was the slov contraction Jsolated contractions of the slow fibres cou’d
then be ob erved as sn Fig 1B The top record shows the control consisung of
a rapud and a slow component After a penod of repetitine stumulation only
slow fihres were contracting and the rapid companent was no longer preseot
1n the tension record (Fig 1B lower record) The ume to peak of the slow
contraction + as about 120 msec which approximately corresponds (o the tota}
duration of the twitch 1n the thick muscle fibres

j These observations suggest that the two kinds of muscle fibre differ
ably in therr funcuonal properties and 1n the following experiments a compan
son of the L and el 1 actnaty of the fibres has
been made

Restin, membrane potentials The resting potentials have been measured s1th
an internal microclectrode 1n a large number of twitch and tome muscle fibres.
Fig 2 shows the values obtawned fr m more than 200 fibres of cach vancty
obtained m 13 different spectmens The experiments were all pcr{urmcd at
room temperature {18—20 C) and the animals were used as soon after catching
as possible Only when the penctration of the fibre s as easy and the full mung
p I was established diately and d stable lhc\n]uzobmmt{
was ncluded m the scries The zero level was checked after retraction ©
the clectrode and if appreciable dnft had taken place the obseration vas
excluded

The mean value of the resting potenual of the fast fi
mV (S £ 03, that of the slow fibres v as 46 mV {5 ro sl
types of fibre appear to be clearly disunguishable by their restng po et
jonel Noaverlap s as e bserved ben cen the two groups In any one expery The
the resung potenuals of fast muscle fibres showed only small ‘.';rmnolv:s«amc

values obtaned for the siew fibres were Jess umiform Thats prub:xb:):d Trate

¢hese fibres on account «f therr smaller size are more Iikely to be anju

consider

Lres an Fig 2 was 716
5) Thus the b0
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microelectrode They proved to be more difficult to penetrate and 1 ould
sometimes contract 1 hen only touched by the mucroelectrode The greater
difficulty of penetration may partly be due to the dense meshwork of capillanies
surrounding these fibres (Jaxsen ANDERSEN and Jassen unpublished)

An mmportant question 1s whether this difference m resang potenuals of the
two kunds of fibre here observed is a genwne difference or merely due to a
difference 1 the suscepubility to mjury duning penetration This problem
cannot be answered conclusively by the present expeniment It appears entirely
possible that a greater mjury to the slow fibres may partly account for the
considerable difference bets een the t o groups Hos ever 1n injured fibres
the resting potental 1 1ll usually decline progressnely over a penod of ume
In the slow fibres of the hagfish a resting potenual above 60 mV was never
observed even immediately after penetration Furthermore one slov fibre has
often been repenetrated a number of times without appreciable dechne 1n
resting potential level For these reasons 1t does appear likely that there is a
genuine difference 1n the level of resting membrane potential of the fast and
slov muscle fibres A similar but less marked difference has been found for

corresponding fibres in other vertebrates (RUFFLER and VAvcHAN Witrias
19532 BARreTs 1961)

Neuromuscular transmussion wn fast muscle fibres

Efectnical stimufation of the motor nerves running 1n the myocommata
regularh clicited an action potential 1n the fast muscle fibres on both sides of
the myocomma The action p Iy as d without d along
the + hole length of the fibres Except « hen the fibres v ere clearly inyured and
partly depolarized the spike ah ays shos ed an overshoot of 30—+40 m'
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Much like the action potential of the fast muscle fibre of the frog (Nasur and
Hobarin 1990) the repolarization of the membrane occurred 1n two phases 2
rapid phase followed by a much slower one The duration of the rapid phase
of the action potential was from 4 to 6 msec After hypcrpolanzntmﬂ\\3!0“1)
seen in depolarized fibres

When recorded wathin one mm from the end of the fibre an mitnl slower
phase could usually be seen on the rising phase of the spike (Fig 3A) Aftera
pettod of repetitive ) at moderate freq (5--20 per sec) the
action potential was blocked and the much slower 1t} potential was seen in
wolation (Fig 3A lower record) From its characterstics {time cousse distribu
tion summation) 1t can safely be interpreted as the electrotonically conducted
end plate potential (¢ p p) In Fig 3B obtained after a perind of repentne

1 there was plete block of t: Only ¢ p ps W

cheted by single shocks to the nerve On reducing the snterval bets een @ pair
of shocks the ¢ p ps were summated and spikes 1 ere smuated at the greate?
depolarizations In freshly dissected preparations thee p p Was al ays gret
enough to elicit action potentals After some hours of experimentation 1 r10us
types and degrees of block would develop 1n many fibres As shown in Fiz 3
repetitn e sumulauon was particularly effective 1n ereating blocks even 3t 108
frequencies

Distribution of ¢ p p The neuromuscular transmission 11 the fast fibres €10
be blocked by curarine n concentrations like those producing blocks i other
vertebrate muscles In the curanzed preparation the distnbution of thee p P
along the length of the fibre can be studied without the comphications of action
potentials A typical sertes of records are shown in Fig tA Thee PP was
lways largest closc to the scptum 1n which the motor nerves Were suenulated
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Heent low fhes {4 a dB)afterndrct tm laton Each record
¥ xnsf‘v.‘{l?ﬁs 3;'3:1‘;\»;136;:«“ ps InBon hck asjust bthehildf the fib ¢ Th other
was ghtly gpov tht b1’ Mo furth £ increuse in yp on mer a1 g 3t mulus ntens ty

‘The rapud red m amplitude 1ncreasing d of nsing phase and
progressne slowing of rate of repolanzation 13 characteristic forthee p p as
the distance from the actwe focus 1s increased (FATT and hasz 191} Ths
abservation agrees with the tustological finding that the endplates of the fast
fibres are focahzed close to the end of the panetal muscle fibres (Jansry
AnpERSEN and Jansen unpublished)

1 methylenbly secton the motor Berves in 2 myocomma a ¢ clearly scen to ter
mimat on muscle fibes on bott  des of the myocomma (Rerzres 1897 Jansen ANDER
sex and Jansex unpubl shed) The efore the question anses whether one fast muscle
bre 15 suppl ed w th end plates at both or mer ly at one end For technr al reasons
quantiat ¢ nformation onth p ohlem 13 noteas ly obta1 ed by tracitional h stological
mtlods Inth present expertments attempts were made to acti ate fast muscl fibres
by stmalar n of the motor n Tves 1 both neighbouring myocommata Both stunul
elicated contract ons n th sams myotome Butonpen tration of a Jarge number of fast
mus le fibres it appea ed that cach fibre  as act -ated either from the antensor or the
posteror end B eco ding lose to the nd of the ft ¢  nd plate and end
plat d tant records ouldb asl d ungwshed \oobsenationw sm dendicating
actnat on of the fast mu le f'b es from both end  Thus with th present methods the
f tmus1 fibesapp a dto ke nt nated by a single axo1 t rm nating in an end
plat local zed at th ant v or or post ror end of the muscle fibr

Neuromuscular transmission 1 slow, fibres

The electrical actity of the slow muscle fibres in response to sumulation of
their motor nerves vas charactersstically different from that of the fast fibres
The tvpical response 1s shovn m Fig 5A It consisted of a farely rapid de

polinzati n v wh a nsing phase of 510 rsec in different fibres followed by
a much slower and nearly exponenual repolanzation On account of sts sim
larity + 1th cor 1

g P P }y m Crustacea (Hover and
Wigrsia 1958 this sl fibre response wall be called a junction potential

{4 p} The amplitude of the 3 p could vary considerably (from about 5 to
more than 30 mV) in different fibres and could thus very nearly reach zero
membrane potential at peak depolanzation In any one fibre the amphtnde
usually remaimed constant as long as the resung potential v as unchanged
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However many slow fibres were progressnely mjured by the microclectrode
tn the contracung fibre and the j p would then decrease with the level of
resting membrane potential In depolinized fibres the ) p was often followed
by = prolonged period of hyperpolanzation
Time course of 3 p The ume course of repolanization could vary considerably
n different fibres The umc constants of decay of the) p could vary by mare
than a fctor of three from about 20 to 60 msec even when the decay was
reasonably well described by 1 simple exponential Quite often howeser there
was a defintte change tn the rate of repolinizauon of the ) p after about 15
msec An 111l rapid phase was followed by a slower late repolanzation (Fig
5B) This was particulirly seen when the response was Iarge and occurred
usually without any apparent discontinuity on the rising phase of they p but
sometimes n presumably njured nd partly depolanzed fibres 2 small change
in rate of rise of the j p could be observed Just before peah depolarization
(Iig 6B) Similr irregulanuics n the time course of membrane potential
changes have been interpreted as abortne action potential slow fibre
membrane (HosLe and Wirrsua 1958 Tawivcmt 1959) and 1t appeass
reasonble to mterpret the present observations as such
Relation to stimulus tntensity When the strength of the sumulus to the myocom
ma contuning the motor nerves was 1ncreased the j p 2lways occurred at 3
particular threshold and was then of full size (Fig 5B) Further merease 1 the
wntensity of the stimulus to up to 5 times threshold did not change the am
| plitude or ime course of the response This 15 1n agreement with the Justologreal
observation of only one motor nene from each myocomma to each slow muscle
fibre (Jansen Anperscy and JAnsen unpublished) Oceasonally a fluctuation
of about 10 per cent was observed in consccutrvey p chested at 2 sec intervals
but this fluctuation had no correlation with changes n stmulus ntensity
After a period of rest the first ) p was up to 30 per cent larger than the later
ones which remained of fairly constant amphtude
Dustribution of j ps As was to be expected from the mode of
the two kinds of muscle fibre the distnibution of the j p s along th bl
entirely different from that of the epp The jps were of comparable
amplitude and time course throughout the enture fibre and the wrmmxrﬁ::
size and shape that occurred did not bear any relation to the part of fibre rﬂh
which they were recorded Thus 1n the senes of records shown 11 Fig 4B ¢ :
latency of the J p increased as the distance from the stimulated septum wac
wcreased but the amplitude of the 3 p s did not show any consstent chaﬁ)
with ancreasing distance This 1s 1 clear contrast to the €PP (Fig e
which clearly onginated at the mnervated end and spread passively along
fibre
Summation of 3 ps The effect of preceding activity 1s of
1n slow fibre neuro muscular transmussion The ) ps of
muscle fibres are largely facihated by repetitive actvity (Hov

snaervation of
e fibre was

pamcular nterest
many Crustaceal
e and WIER-?
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1958) whereas the frog J ps are not appreciably mfl d by preced
actty (RUFFLER and VAtcHAN Wiitiaws 1923a) In hagfish slm musdc
fibres asecond ) p ehiaited soon after the first would sumn 1th the preceding one
and thus add to the depolanization (Fig 6A B) Atshortintersals howey cr the
second ) p 1 as usually considerably d d so that the 1

tion \ as not more than 130 per cent ofa singles p Evenso dunng summ:mon
of) ps the membrane potenual of the fibre v as often reversed Only oneslo s
fibre with an appreciable facil tation of the j p at short intenvals has been
found 1n these Besides the red

mn litude a second j p
at short intervals usually showed an inereased rate of repolanzation (Fig 6B)
As expected from these observations summation of 3 ps 15 not very effecuve
1n the slow fibres In the expennment of Fie 6C the motor nerves were sumulated
by a train of shocks of 0 2 sec duravion and the effect of increasing the frequency
of sumulation v-as studied At the higher frequencies (30 sec 50'sec) the fibre
was kept depolanzed during the tran but the “cethng  depolanzanon =<
reached already by the first) p
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Dual actiration The slow muscle fibres are innervated by two motor axons
one from cach of the neighbounng myocommata The jp's eliited in a fibre
by stunulation of the two 1xons at different time atersals are dllusteated sa
Iz 7 The records were obtained from the middle of the muscle fibre and
charactensticilly the ancj p was considerably greater than the other When
a fibre was penetrated closer to 1ts ends the } p cvoked from the nearest
mjyocomma was not necessarly the largest The expeniment of Fig 7 clearly
shows that the tvoj p's were summated at all intervals \s must be expected
the second § p was somewhat smaller when ehietted during the depolan ation
of the first The records suggest however that the ceihing  depolarizayon of
the fibre will be 2ppreciably higher duning repetitive actiaty in both ats motor
axons than that produced by actinity 1n crther ene alone

1 elation between contraction and elecinical actusty By sisual observation of the
1mpaled fibre 1n the dissecting microscope 1t was seen that contraction of the
Tist muscle fibres was always assoctated with an action potential The slow
fibres on the other hand was clearly contracting when a smooth yp was
recorded across the fibre membrane The threshold for clectrical and mechanteal
response of the fibre was identcal This does not exclude the possibnlity that
locahzed sprke activity was taking place 1n other parts of the fibre membrane
4t the same time Hos ever the frequent obsenation of sumple jps n con
tractng slow fibres favours the conclusion that spthe actiaty does not play a0
essental part 1n the actnation of the contractile mechamsm of these fibres

Discussion

The existence of two kinds of muscle fibre 1 1th different functional propertics
m the panetal muscle of the hagfish appears to be cstabhished by the present
obseniations Slow muscle fibres have been demonstrated mn the other mijor
groups of vertebrates as well such as amphiba (hUrFLER and VALGHAN
Wireraws 1923a) bieds (Gisssorc 19602 b) and fishes (Tanercm 1629
BareTs 1961) In all these vertebrates the slow muscle fibres are thinner than
the thatch fibres and therr motor nenve termunals are distnbuted atong the
entire length of the muscle fibre Only 1 mammals do these fibres appear “;
be lacking although certain observations suggest that some of the xnlmfus;
fibres of the muscle spindles may be of this type (HuwT and RUrsteR 192
Bovp 1961)

Haweser the slow fibre systems of the dufferent yertebrates
a umiform group wuth regard to ther funcuonal properties and the sfow ﬁ\ﬂ:
of the hagfish appear to be char ictersstically different from the others 1n ccx;lﬂ(;
important sespects Thus 1n frog slow fibres which have been pamc\ll:g‘i’
well mvestigated only very small or no contraction was ehiated by ; s'l“he
sumulus to the motor nerve {KUFrLER and VALGHAN WiLraans 1903 \)uamc
] pswere summated without any change of the second j P and d:mnir ete
‘stmulation the plateau of maintained depolarization mght be fwo

are by no means
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tumes that of a single) p depending upon the freq of’: 1 {RuFrLER
and Vauctax WirLiays 1953a) Sumlarlyan the red muscles of the snakefish
a level of depolanzation was reached during repettnye indirect activation
which might be 5 tumes that of 1solated 3 p and determined by the stmulus
frequency (Taxsvcin 1929) A certamn amount of facihtation of the later
responses m the tram apparently took place i the snakefish muscle (TAxevchn
1929 Fig 7) In the hagfish slow fibres on the other hand brisk contracuons
v ere evoked also by single sumul the second 3 p was usually depressed at
short intersal and summation v as not very effectne The plateau depolanza

uon dunng a tram of simub did usually not appreciably exceed the peak
value of a single ) p (Faig 6C)

Furthermore 1n the frog action potentials are not produced by the slov fibre
membrane (Burst and GrsBora 1956) and nether 1n the snakefish following
indirect sumulation (Tantcsr 1929) Agam  the wregulanties in the ume
course of the j p s n the hagfish (Fig 5B 6B) suggested that local sprke activity
was farrly common 1n these fibres The additional obsenvation «f slow fibre
contractions elicated by direct el 1 \} n { pref
may be mentioned 1n this connection It 15 unknoy m hos ever which part the
abortie action potentials mav play on the actinauon of the contracule mecha
nism of the hagfish slov fibres

All the other vertebrate slow muscle fibres arc innervated by several motor
axons Thus 1 hen the motor nenve 15 sumulated by increasingly stronger
shocks the 3 p can be scen to incre.se 1n discrete steps as new axons are re
cruted In contrast the hagfish slow fibres usually recene only one motor axon
from each septum so that » hen a group of motor axons was sumulated 1n
the myocomma the) p of a particular slow fibre always appeared full sized
immediately the threshold 1 as reached (Fie 6)

All these observations go to show that the hagfish stw mu.cle fibres de not
possess the possibilities for grading the mwechanical response that exist 1n other
slow fibre systems If the degree of mechanical response of hagfist slow fibres
15 determuned by the depolarizauon of the fibres as scems to be the case for
frog slo » muscles {RUFFLER and VALGHAN WiLLiAMs 1923h) the contractin
vl be graded only to a limited extent by the frequency of stimulatin Tn this
respect the hagfish slow fibres are more like twitch fibres 1 other vertebrates

Addiuonal activation of the second motor axon of the slow fibre on the other

hand 111l 2dd 10 the dep (Fig 7)andy bly to the
asvell

Compared v 1th fast muscle fibres 1n other fishes those of the hagfish porsess
a partucularly effecuve spike mechanism \Most of the fibres recerse only one
motor axon terrunating on the end of the muscle fibre The vhite musele
fibres of the snakefish (TaxeLcit 1959) on the other hand are polyneuronally
innervated s 1th distnbuted tenminals and the actrn potenuals sasely shwed
an ovenshoot Furthermore dunng repetitive activation toly ome 2 um
1 —633015 At phyolsc 4V 57
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potential was elicted 1n these fibres but they were kept depolanzed by the
J ps and the contraction mamntained for the duration of stimulation Rather
strmfar propertics appear to exist in the deep Jateral muscle of the tench (Barers
19G1) The hagfish fast muscles are more hke the fast muscles of for nstance
the frog in which the contractile mechansm 1s activated by acuon potentals
only The decp lateral muscle of the catfish appear to have similar properties
(Barers 1961) The suggestion of Takeucir (1909) that the action potential
mechanism 15 of less importance 1 the muscles of the phylogencticaliy lower
sertebrates are not supported by the present observations i hagfish muscles

From the pomt of view of 1onic composition the hagfish muscle presents
certain mnteresing problems The Myxinoids are the only vertebrates with an
extracellular flid similar 1o sea water in 1ome content (Rosertson 1960
Berrasn and Crester Joses 1961) The ntracellular content of sodium of the
panietal muscle fibres 15 as lugh as 152 m\{ per kg fibre water (BeLrayy and
Cuester Joses 1961) The ratio of flul llular p =

r to ©
about 17 If this potassium distrsbution depends upon the resting, membrane
potential of the fast muscle fibres the membrane potental can be calculated
1072 m\ at20 C 2 value which 1s close to the observed mean of 7o mV (Fig
2) 1If the resting potential of the slow fibres (46 mV Iig 2) sumlarly arc
determined by the potassium distnbution the cstimated 1internal potassium
concentration 1s then only about 73 m\M per kg If therefore sodium 15 evenly
distributed between the two kands of fibre the internal concentration of potasst
um 1n the slow fibre would be less than that of sodium A high sodsum content
tias been reported for slow muscles of Pecten as well (Porys 1928)

As regards the funcuonal significance of the slow fibre system of the vexte
brates in their motor activities 1t 1s generally beheved that they are manly
concerned with postural contractions (KurFrLer and VALGHAN WiLLLs
1953b Peacuey 1961) For aquatic animals however postural problems must
be of minor importance An alternatne function of the slow system i fish
may be suggested by the observations of oxygen requirements i fish Ihe
available evidence shows that fish can only use ther muscle fully for short
pertods of time on account of the hmited oxygen supply from their IBP“““”}
organs {GRas 1953) One can then tmagune that the fish employs 1ts powerfi
and numerous fast fibres of the parietal muscle mamly m siuauons when
maxumal and rapid propulsive mosvements are required The slow fbes "2
the other hand may be sufficiently powerful to carry out the slower mmcmbtﬂh
of ordinary life The mamnly penipheral localieation of the slow fibres \; :)‘c
gines them a greater momentum with respect to the spmal column 20 ot
nch vascular supply of slov fibres should be noted 1 this connccucr; s
these last mentioned features appear to exist in the lateral muscle of’ ﬁshr(ﬁ;m s
1961) The present suggestion of the significance of the two types Ocumtw"
entirely hypothetical and observauons on thewr normal and reflex &
are needed 1 order to elucidate the problem
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From the Department of Fhywology University of Goteborg Sweden

Nervous and Local Chemical Control of Pre-Capillary
Sphincters in Skeletal Muscle as Measured by
Changes in Filtration Coeflicient
By
A Copnowr' B Forxow I Rjerimerand § MeriAvper
Rece  d 30 June 1907

Ahstract

Conporo 3 B Townow 1 Rjeuiwrr and § Mettastrr Aercous
a d local o emical o ol of fre cap llary sp ncters n sheletal mmuscle as
weasured by che nges n filteatt n co flicient. Acta physiol scand 1963 57
180—192 —The nflu nce of nersous and local chermical factors on the
pre-capillary sphincler scetion of the muscle vascular bed has been
studied 18 terms of changes m the filtraton coeflicient (CTC) The
results suggest that the vasoconstrictor fibres heside their pe verfulin
fluence or the resstance and capa itance ves chs afieet 10 the pre
cap Hlary sphuncters  hich determ nc the number of capillaries open
toflow 1 w r the mfluenc ex ried by the centrally contolled
vasoconstrictor fibres on the pre capillary sph neters 10 the skel tal
muscles is rapidly overcame by vasod lator metabolit s aceumulating
when flow 15 reduced or metabolism 15 increased Such local metd
bolic factors exert an especially powerful coptrol of the sphincter
sect on as compared with the neurogenic influcnce Thus [o) o L]
the shelctal muscles tends fo £ sc at any decreas of blood flow/
tussue metabolism rato ¢ g from restng val ies around 0015 up
to 004—005 dunng muscular exercse an ancrease also oct’u!;
when flo v 15 reduced Tlow reduction following mechameal aru:a
obstruction induces a relauvely greater CFC snerease than ‘:l:::
flow 1s reduced by the constrictor fibres v} ich unmasks their weal
still sigmficant nfluence on the pre cap llary sph neter secuon
1 5choc!

d
On Ieave from the Sherngt n School of Phy ology St Th mas Ho p tal M
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TFrom a functional point of view the vascular bed of a tissuc may be considered
as bens composed of a set of specahized senes coupled sections {Forkow
1929) m which the key pomts of the vascular bed the true capillaries are
situated between pre-capillary resistance vessels and post capillary resistance
ves.els Further therc are capacitance vessels which are confined mainly to the
venous side of the circulation So far as the true capillary hed 1s concerned a
considerable measure of control must be exeraised predommantly via the
terminal portions of the pre capillary resistance section ¢ ¢ the sphincter
section  or — as they are often called — the pre capillary sphincters  Contrac
tion of the smooth muscles can produce a complete closure of the caprilary lumen
and therefore these sphincters form a functionally specialized and separate
section 1n their own might as they will determine the number of capillanes
that are open to blood flow and hence to effective transcapillary exchange at
any gien moment The control of the resistance vessels has heen extenswvely
1nve dwath g hods (FoLkow 1930 1959 Mrrranper 1960)
as has that of the capaatance vessels (MeLraxocr 1960} The functional
behaviour of the pre capillary sphincters may be inferred from the determ:
naton of the capillary filtration coefficient (CFC)} CFC 15 defined as the
quantity of fhnd filtered through the capillary surface 1n ml/min{100 g tissuc/
mm Hg pressure difference across the capillary membrane CFC was measured
i the perfused hind hmbs of cats and dogs by PatrevueEn®R and Soro
Rivera (1948) using a gravimetric method The techmque developed by
MeLranner (1960) allows 2 sizmlar determination using a volumetric method
Wwhere normal nervous and vascular connections can be mamtained With
this changes 1n capillary filtration coefficient can be followed together with
changes m pre and pillary <ascular and mean capillary
pressure as well as vanations 1n the capacitance functian

One of the major factorsd the de of the fill il
will be the size of the capillary surface area available for filtration exchange
* huch 15 dependent upon the numbcer of capillanes actually open to flaw at
any given time The number of capillaries available for filtration 1s governed
by changes i the tone of the pre-capillary sphuncters Therefore changes 1n
the tone of the pre capillary sphincters may be deduced from changes m the
filt i F Yy repott of a study of sympathetic nervous
controf of the pre capillary sphuncters 1 skeletal muscle was made by Fotsow
and Merrasoer (1960) and also by Roserr and Uvas {1960) usine another
techmque The present nas o d with d these
observations and attempting an anatyss of the changes in pre capillary sphune
ter tone v hich occur when the blood supply to the region was lowered (a) by
means of symphath fibre it and (b) by parual occlusion
of the artenial mflow vessel of the region and comersely when blood flow + as
rased by graded muscular work A relatne accumulauon of vasodilator
metabolites must ocour 1n the tissues both when nutntional flow 13 reduced
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and when tissuc metabolism 1s increased by muscular exeraise The term Aaso-
dilator metabolites 1s here meant to include all these changes in the chemical
enssronment of the vascular smooth muscles that tend to cause vasodilatation
whenever the blood flow ftissue metabolism rato decreases Therefore these
studies were thought to gue 1 add some 1nfk on the comy €
cffects between extnnsic nervous factors and Jocal metabolic factors i pre
capillary sphuncter contro}

Methods

a Fupemental | ocedwres

Experiments were performed on 37 cats anesthetized with chlorafose urethan
(50 mg/100 mg per hg body werght) The techmique used + as that desenibed by Met
LANDER (1960) which should be consulted for full details Briefly after extupation of
the ntestines the hind part of the cat was completely 1 olated from the vpper part o
th animal at the pelsic level except for the aorta mfcrior vena exva and the abdermal
svmpathetic n ne trunks  hich contam the majority of the sasoconstricter fibres
supplying the tsolated hind part The abdoninal sympathetc chams s ere cut centraly
1solated and could be laid on clectrodes and stmulated at 1t ¢ Jevel of L 41, Swie &
Grass tynulator at sumuli of 3—5 volts and { meec duratton and at rates from 1 up 10
10 1mpise  Arterial inflow pressure to the hmbs was measured by a mercury mano:
mecter anserted 1n the inferior mesenteric arters  The hund part was cnc]asedma*hﬂ;
filled p d pleth h so that sh fis i ussue volume coald
recorded continuously and quantitati ch To ensure collection of blood prmc;fl“\
from the muscle vas ular bed th tail and hund pas s+ ere excluded from the ey u:;
by ught ) gatures at the proumal and of the tai} and at the ankles Blood flow nenuld’
wung a modded Gaddum record £ wserted 1 the wfer ar caval vew which Mf;dm;
only qutflo v channcl from th b nd Im} {reparat on The hesght at1 k ch the G #
recorder was mounted abo  the anmal s heart level determmed the yenous ot ’x‘;‘:
pressure level and this level could be ahtered by rar ng or Jowenng tbe recorder i
artersal 1nflo  pressure to the b ni parts could be varred by appl ing a screw clarP

entent
around the aorta proumally to the st of pressure recordimg tn the nf nor mest "
Je are 1Y artenal mflo e

artery In the p ) the ¢ 1, 5
2) venus outflow pres ur 3 blood flov and 4 tssue volume of the parts ";f,::fdan >
th plethysmograph and changes 1a ti:  olume reflect changes 1n b)w:id“;m-n oy

sn transcap llary filtratr>n exchange + hich phenomena can be separd
other o

A some hat sunilar techn que « as wed for study nv CFC i the solated (awxﬁ{‘ *
of the cat. In this p cpa aton the paw was rem  ed beloy the ank} );’:‘dw pure
saphenous ems 1 ere 1 gated to perm t recording of blood floy from a r; o a clamp
muclecegion Th p eparaton vas (xed in a v ater {Hed plethysmograp Y nd s
applied to the ankle Th thigh mus les were di sded just abo ette knec)ouwkwm
fenur dalled open and pl gged to remo e any vascular connections '1"an mec &
then left supplied onl by the cognate art rv and vemn and the nene sup@xcd opitesl
alume was recorded § om the plethy smograph blood flow from the cand! g these
wein wing an ordinate drop recorder (whch was beiter suited for m 3
smaller bload flows) and pressure { o'n the femeral arten of the op)

ponite bin et
cco!
%, enoas outflow pressure could be adpusted by changing the level of the drap I¢
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Graded muscular 3 o k was mduced by dicect somatomotor nerve stanulat on at rates
of 0 58 1mpfsec and at 0 5—* volts 01 meec. CFG \ as measured an s preparation
at resng controd fevels and at different levels of muscular acvaty

¥ Madfrdtmnat v fCFC

In order 1o measure the CTC the senous outfioy recorder was first adp ted 103 heaght
such that po net transcapdlary exchange of flurd oceurred and the tissue yeoron under
ytudy rema ned at 5 sieady ssovolumetnic level The oulflow recorder was then rased
or Jowered tach time by a standard amount  qunalent to the apphcat on of a venous
outfon pressure of 5 mm Hg When the vcaous pressure s as raiscd the volume wereased
due tod stension of th capacitance vessels and thus first phiase s as jello ed by ase ond
phase of shor er but continuous 1otume e ease indicating 2 3lo  accumulanon of fwd
within the enclosed tissues (F o 1) due ta oumard fifiration from the capidlanes (Me1,
1AVDER 1960) Tl ese effectsy ere v r3ed o lowening the outflo  pressure The second
slow phase of solume increase CONSEQ 1ent UPOT TR BY venous outflos pressure was
measyred 1n ml/munfunit tssue + aght

To be able to estimate to « hat extent meap cap Hary hyd ostatc p essu ey as affected
by an o rem nt of & mm Hg of the ven us outflov pressuse at 1 ast the approamate
rat o of p ¢ postcapdlary resistanc oust be known  \s it these p eparat ons the muscle
vess Is extub t & cam, degabl exient of autorerulation  mplymg marked compensatory
adpustenents of th p e capillary £ tance vessels whenever rtenal pressure is changed
(Fourow a2nd Oeere 1961) the m thod of Parpenemer and Sovo Revesa (1848)

for estun tion of the pr ~capillary to post-capillary cesistan  yatio cannat be used
Thetefare 1t was assumed i this senes of expenments that mean hadrostat ¢ caprilary
P essuze v ag 70 mm Hg at the sovolumetne  tate as blood collord osmaue pressu ¢
L e p essu e e could be omsd ed to be wathin the b rmal range Actually should
m an cap Hary p essur be loser t0 22—30mm Hg o 15 wm Hg the errar wn deduc
1ons of the CFC o 1d be far)y small rd of about the sam  magn tude n all expen
ments where arte al pressu ¢ was 0 the aormal range ¥ th rat o 1s taken to be 471 at

1 artenal pressur 2 ound 100 mo Hg and a enous outfion pressure clos to zero it
meansthatd 3 fa  nousp essure ncremer tof 5 mm Hg 4 mm Hg s teansoe tted
o th cap Hary tev | fsee Pappest 2ER and Soro Rrvera 1918) Should wm real 1y
m wa apllary p osure be 30 mm Hy nstead of 20 zm Hg as her @ sumed 710 of
5 nm He 35 mm Hg o 1d be t ansmuited to the caplary Jevel Th error of

I faton ba donth assumpionof a gven mean capll 1y pessu 1 therefo ¢

qut mall nth ® » vampleonh omel —13  Lrrors of this magn tude are of
Il risn nth p  ntestmatesof hanges n OFC which are ofien of thea d v
of oo lhuoded p  ent ! hlv) The  ghe of the tssues enclosed 1 the
Pl mograph ~ th bones b ng e cluded —  as determ ned at the conclu on of
th xpement Mdata ¢ th navadablefo d trmang CFG Suchd tormunat ons
wre arredoutf atsn | hih bloodflovieth hindpz twasio ered by umula
tonofth ymp tht Fawand hnblood flo \as mer ased by musenlar wo A
Th 1w tons omevlacd fler at nth oxperments he blood oy v 2 Iov e ed
partalaort o tusen Sn nthese expeniments mean h d ostatie cap lary p esure
as { nd to stav about th same h n art ral p essure ¢ aslow red from 100 to say
50 mm tg 25 ndi ated by a ma 2 ped 1o olum te wte { e below) this mphed
that th ata of p e~cap Harn 10 post-cap flary esstan e as decr 2sed fram some H
wabo 1151t a omp nsatony claxaton manlv of th pr cap liary essels Hence
an © m oot of 5 mm Hg of + nous outow pessu £y ould &t th higher pressu ¢
. man plilarny pesu by sbout 4 ram Hg whil at th lower pres ure only
som % mm ouwld br tm mtted to th capllary level Such an app gxuumate
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Fig 1 1@ ¢t of ympahet! ¢ sumulation 01 blood posur blood flo ts ¢ solume an,d
filtrat on coefc ent (measured by m ans of apply: g a standard ner ase of © ous pr ssure!

correction for the applied mean capillary pressure nisc was made for the caleulations
of CI'C i the expermients s here artenal pressure and hence flow was Jov cred by
partial aortic occluston since here such a correction 15 of more obyious quanttatie
mportance

Results

~ 4 Lffect of blood flow redvction by vasocanstrictor Sfibre stumulatson
Toralf resung hund limb preparnions in our series values for the CFC were
{%)und 1o be witlun the range of 0 0100 020 with 1 mean value of 0012 1
’good agreement with the values found by the gravimetric method of Papeen
HERIZE and SoTo Rivera (1948) and with the mean value for muscle of 0017
gren by Pappenneivcr RENKIN and Borrero (1951) p
Fig 115 a record of a typical experiment in which blood flow to the )m;‘
part of the cat was lowered by sumul ition of the vasoconstrictor fibres 10 ¢ d’
lumbar sympathetc trunks at 2 impulses/se.. Changes 1n CIC s erc foHour/
as rapudly as possible Before sumulation GEG was 0 014 mljmin/100 g ts<ue
mm Hg at a blood flow of 6 mi/100 g tissuefrmn s
Because of the effect of sympathetic sumulation on the capicitance wcssm
wlich produced a rapid decrease 1 volume depending upon the dzcrc.zs;m
Iocal blood content (Mrrranoer 1960) 1t was not possible to make the he
measurements of the CFC until at abaut 30 sce after commencement of: sum[ "
tron but at this time the value of the coeflictent had fullen to 0010 In L;zuun
the ratio of pre to post capillary resistance ts wnereased during the sumumms
(MeLranper 1960} the fraction of the sncrement of venous prcssu:]cfur e
mutted to the capillary level 1s now stightly more than 4/5 as assun;c:m o010
resting state This means thac the CFC 1f anythung 15 shghtly Jess th
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Fg 2 Comp mon [ fi wonib flaton coclicent of sympathet ¢ sumulat  a0d parual
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QOne of the effects of sympathenc vasoconstrictor acuwity appears ta be to
cause a constriction of the pre capllary sphuncters 2lso and the decrease m
CFC reflects tius effect It seems lkely that a decrease of CFC to even Iower
values actually occurs during the ntital period of vasoconstctor actity
However the tnstral decrease in CFC 15 soon folloned by a gradual 1ncrease
5 h)ch 15 completed withun a pertod of 3 mun and which mmpltes a gradual
of the sph The il ultm itely rses even above the
resting value mmplying that if anythiog a greater capxnary surface area 1s
nov available for exch. despite actnaty
and lowered blood flow In the expenument illustrated 1 Fig 1 the coefiient
yose 10 0 016—0 017 at 3 mun after b of In exg
where 5y 1 tumulahon more d 11y reduced the flow ta the muscles
the LFC 1as sametimes even doubled after an smnal decrease The secondary
relaxation of the pre capillary sphincters during a prolorged constnetor fibre
stimulation vy ith a mnscqucm reduction of flov 1s prabably due to the acton
of locally b + hich trnd ta counteract the
it of th patt nene The resstance
vessels mamtan their constniction to a corsderable extent but that some
sceondany relaxanon does occur closely correlated m ume to the secondary
CFC inerease 15 mdicated by the slow flov increase despute continued stmula
uon 1t should be stressed that the sphincter section forms a part of the resis-
tance vessels apart from bemny, a functionally speaiatized vascular section m
113 own night The capacitance sessels do not shov any such relaxauon on
stumutanon the volume fell by 3 m! and remamed at this Ievel until on cessanon.
of sumulauon it returned to the control salue
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2 Effect of blood flow veduction by parhal aortie occluston
In order to ascertain the c t of vasodil bolites alone 10
the response of the pre capillary sphincters the blood flow to the hind part was
reduced to vanous levels by partial occlusion of the aorta and changes in CFC
were followed repeatedly and as rapidly as possible Fig 2 shows the course of
CFC 1n a typical experiment where 1n the first sequence flow was reduced by
a continous constrictor fibre sumulation at 4 umpjsec durng which penod
CFC was measured In the second sequence the blood flow was reduced 10
,thc same level by means of partial aortic occlusion which caused a compen
~"satory relaxation not only of the pre capillary resistance essels as judged by
the maimntamed 1sovolumetric state but also of the sphincter secton to Judge
from the increase of the CFC from the resting s alue of 0 014 to 0 028 Compart
son shows that for an equivalent blood flow the CFC 1s always Tower whet
the constnictor fibres are activated This finding 15 also sllustrated 1 fig 3
where the CFC determined m all expeniments of this type are plotted acainst
blood flows the values for both being at the steady state level ¢ ¢ performe
after the sceondary changes of tone of the sphincter smooth muscles oceuns
duning the first few minutes have been completed  The triangles efer ©0
svmpathetic stmulation expenments and the open arcles to ‘mechamcal
flow reduction experiments These symbols each indicate classed meaft
values of a total of about 150 determinations in 20 cats and the 1an®
15 shown by the oblique lines In general the lower the blood flow the greatet
1s the CFC other thmgs being equal and therefore the more pronouaced
the relaxation of the pre capillary sphincters presumably caused by the local
chemcal changes dunng the relatiy ischaemma On the other hand on drashic
lowermg of the artenal pressure the transmural pressure within the pre capllary
sphincter section may become so reduced that a_cnitical closng occurs €+
if the mooth muscle cells are quite relaxed In such a siuation CFC et
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be expected to decrease agamn 1 hich was occasionally observed 3 hen blood
pressure 3 as very ruch reduced The competttion bets een the effect of vaso
dilator metabolites accumulating at low blood flows and the constrictor fibre

fl on the spl 15 app ateach level of flow fromr the consistently
lower values for CFC during & of the

nerves

3 Effect of graded muscular work

In experiments on the pure muscle preparation of the calf it was found
that CFC was 0015 (0010—0020) dunng resting steady state condition
Graded muscular work at successiely greater ntensities induced successively
greater blood flov s Together v 1th this exercise byperemia there was a con
stderable increase in CFC (sec Fig 4) After the worh peniod the CFC gradually
teturned to normal along vath the Tecovery of tone of the resistance vessels
— Tig 5 demonstrates classed mean values and the range of the CFC at
vanous flow levels induced by graded muscular work. These data are based
on 160 observauons 1n 12 cats At high intensities of work maximum blood
flow values s ere of the order of 40—-50 ml blood/min/100 g of muscle and CFC
veached salues as hugh as 0030—0000 This represents about a threefold
nercase in filtraton coefficient above the resng level and — if 1t 1 assumed
that the capillanies contain approumately the same number and size of pores
+ luch 15 by no means certam — roughly a threefold increase of the size of the
capillary surface area that 1s open to blood flov (sec beloy ) Fig 6 summarizes
the results of the threc procedures descnibed above and shows the capillary
filtration coefficient 1 th e ranges of normal blood flow during mechantcal
and nenvaus flov resticion and duning flow mcrease due to muscular v ork.
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Discussion

The value of the coefficient for capilary filtranon which 15 used here as 28
indacator of changes in pre capillary sphincter tane vanes for different ssucs
(Resnay and Parreauenies [957) In the present expenments the CFC has
been determuned by a v lumetric method for the cat hind hmb preparato?
which sncludes both skin and muscle but with a great predomunance of the
latter (almost 95 ;) since the large skin cireulaton of the paws and the tad
was excluded The values ob: d at rest with this techmgue correspord
closely with those found by other methods and were 10 the range 0 0300070
with a mean value of 0015
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The filtration coefiicient for any given hssue may be expected to be deter
muned by the size of the capillary surface area available for filtration exchange
and by the density and dimensions of its pores There seems te be no reason
why the procedures carmed out in our cxpenments should alter the permea
bility properes of the capillary nall (ef horazr 1929) It could however
be considered than an mcrease 1n mean capillary pressure as dunng muscular
work mught mechanically distend the capilaries passnely and thereby alter
the pesmeabnbity of the capiilary wali This possibility 15 ughly unithely for
the following reasons Durng maximal work hyperiemia mean capllary
pressure only exceptronally appears to nse more than some 10 mm Hg (hyeee
MER 196%) Simular mereases of mean capullary pressure caused by raising the
venous outflow pressure n the resting equilibrium do not increase CI'C which
proves that transmural pressure nises of this order of magnitude do not widen
the capillary pores significantly Moreover smce CFC was considerably m
creased even when mean capillary pressure 1 as not rased as duning regional
flow reduction or when muscnlar \mrL as performed at a lowered artersal
Ppressure so as to n state such a 1 1 factor
seems ta be of neghgible smportance for the changes 1n CFC here obsenned
Jt1s on the other hand + ell known from direct mucroscopic observations of
the skeletal xmuscles that addinonal caplaries open up dunng muscular
wark Accordirgly it appears reasonable to assume that the observed ringe of
changes 1n CFC 15 caused by changes tn the size of the capillary susface area
avaifable for the blood flon CFC would therefore also reflect changes in pre
capillary spluncter tone since these sphuncters control the number of capiliares
that are open to blood flow In view of the sausfactory agreement with other
methods the method of MeLLanper {1960) used here secms well suned to the
study of sphincter behaviour

The fact that the pre capillary sph 3 are resp tos nerve
sumulanon was suggested by a study of Buenere and Scrawan (1952) and re
ported also by Founew and MeLLaNDER (1960) Rosert and Usnas (J960)
and Renkrs and Rosere (1962) and the present tindings confirm this The
capillary surface area goserming exchange 1 ith the tissues 15 expased to con

tnctor fibre control by 1 ay of the pre capillary sphincters and  although 1t
was generally not possible 1o measure the filtration coefBicient 1a the earl est
stages of sympatheuc stmulation the first values obtaried show that \atinn
the first munutes of sasoconstnctor actiity the capillary cxchange sur!'acc area
can be conniderably reduced g closure ofmany pj lary sp

As well as affecuing the sph sympathetic i muscd a marked
decrease 1n blood flow due to constriction of the vesistance vessels marmly the
pre-capillary ones Over the mattal pertod of up to 3 mun the closure of the
sphincters 15 1s>ciated 11th a fall 1n mean capillan pressure caused by the
wereased pre 1o posi-capillary fesistance ratio and there is a wenden y !or mn
vard filtration of the pressure drop 1s not

i for by a
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nerease 1n the senous presssure That this tendency for mward fltration on
sympathetic sumulation generally lasts for only the first minutes of sumulaon
under the present experimental errcumstances was shown in the expentments
of Merrasner (1960) where the slope of the volume cune decreased at first
but then tended to level off Although part of this decrease could Le duc to
the fact that inward filtravon at Jow flows mught be selfimiting dictoe g
a decrease of the protein osmotic pressure gradient across the eapillary wall
1t probably represents also to a great extent the begmmng of relaxation of
pre-capillary sphincters and adjacent sections of the pre-capillary resistance
vessels and on continued stimulation this relaxation becomes more pronnurced
as indicated by the increasing CFC
It 35 perhaps not unexpected that a situation with reduced nutntional
blood flow as arses wath actnation of (he vasoconstrictor nerves should be
be d for by some ) which relaxes the sphincters as indeed
does oceur within a few mmutes This would have the consequence that the
reduced flow was spread over a greater capillany network goverming the ex

change since a better contact between blood and tissue 15 then established
Pr

} tane 15 casily overcomeby the
bl

bi
£ y the s tnsp

wifluence of locally produced vasodil bolites which will
accumulate during the period 1n which nutational flow to the tissues s restricied
by the constnctor fibres If however flow 1s artificrally kept constant dunne
a constnctor fibre stmulaton the closing of the pre capillary sphmeters
more casily resealed (Resiss and Rosere 1962) It should howerer be
pornted out that normally a constrictor fibre actnation 1s practically alvays
cbmbined with a decrease of blood flow and the present experments then
show that in the nevitable compctitine nteraction betuween the con.trictor
fibre transmutter and locally lated 11 bol the latter
factor tends to dominate as regards the tone of the prc—capxllzr) sphuncters
This vascular section can be said to subserve mamly the local needs of 1hc{
ussues rather than bemng an important mechamusm for the central control ol
cardwnvascular homeostasis Accordingly for all practical purpose the loca!
tissue control gains a considerable measure of ascendancy over the nervous
control in the competitton at this key pomnt 1n the vascular cireut which deter
munes how many capillartes the tissue his avarlable for exchange The yeastance
sessels subserving both Jocal needs and the centrally controfied homcom:;‘sc
are generally exposed 1o a more domnating extrinsic control dmn;:w
pre capillary sphincters and for the capaciance vessels mamnly 4 5xs .
the centrally controlled homeostasis this extrnsic nervous domunance by
more stnking (LEwss and \riranpsr 1902 Metranper and Lunst s
1t also appears that the ke nger the constrictor fibre actnation 1s commucm o
flow reduction persists the more effective the local dilator factors b:com: s

sung the ncurogenic effect on the sphincters Simslar findings ‘buo‘m chid
smade by CeLasDER and MArip (1962) whon studies on the new
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observed a tendency for a provessne increase 3o CFC dunng prolonged
reflex vasoconstrictions
Just as the “asodil hol of a tssue will increase
with decrease of the blood flow so also wall there be an increased concentration of
such factors when metabolismisaceelerated The performance of musculacwork
wall readily lead to a large production of metaholites v hose dilating mfluence
1 refiected by the large increase m flow and m CFC There 1s a correlation be
tween the mtensty of work the blood flow and CFC (Fig ) and at max
mal flows the CIQ increases by some 3 tumes above the resung value 1 ¢
changing from the wean resting value of 0 015 to 0 040—0 050 Thus increase
reflects the mcreased capllary supply of exercising muscle (cf hrocu 1928)
although the increase 1n the number of open capillaties reported by hrocn
was greater than would be assumed on the basis of the present estimation of
CFC increase  Possibly this quantitative difference 13 due erther to a smaller
sutface area per capllary umt of those opened up dunng work or to the fact
that they have fewer — or smaller — pores In a fet observations of potassium
transfer m skeletal muscle dunng rest and work RE v (1959) also noted no
more than a threefold increase of what he called the permeability surface
area product
The key factor governing the and de of capillary il
exchange 13 the mean capillary pressure (PappesHEMER ¢ al 1948) tnd
our experiments the mean capillary pressure tended to stay roughly the same
when arterial yressure was lov ered due esscatiallv to the compensatory el
ton of the pre capillary resistance vessels ( ee also Forkow and Osere 1964
Sramssy and REviay 1961) Dunng muscular work also there occurs a consider
able decrease 10 resistance mainly on the pre capillarv side Here however
arterial bleod pressure 1s maintained and then mean capillary pressure my ¢
nise cons derably This may amount to about 10 mm Hg and conseqqu ntly
entasls a very rapid outs ard filration from the capillaries at least 1y ly
the morc 50 asnoy the enure capilary surface area 1s avarfable (et Lan v 140, )
THus 13 1n accordance v 1th previous findings of fusd loss from the eirenl ey 5
to cxeraising muscle (Ranwr 1865) For such reasons the method of ¢ st ¢
used here 10 estumate filtrat on coefficents dunng muscular work g f viif,
assumes that the ratio of pre to post capillary tesistance 13 4 1, | 4 4fly
underesymates the filtrauon coefficient If mean capiary prey gre 4 ey
inten e mus ular v orh tnereases 10 mm Hg at an 1rterial pressuse of {0y 45,
rano s closer to 710 3 Hence the maamal CFC values gven s e 4 104l l
be some 15 per cent lower t an the true values 4
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From the Department of Physiology Vetennarhogskolan Stockholn 51 S eden

Effect of Salt on Sugar Response
By
M Fuvaxosurt and Y ZOTTERMAN
Rece cd 27 July 1967

Abstract

Funaxostt M and Y Zorreryan Efeect of sall on suga response
Acta physiol casd 1963 57 193—200 The integrated responses
to 05\ suc ose 05N\ sodium chlonde and a mixed soluton con
taimng 0 5 M sucrose and 0 53 odim chlonde were recorded { om
the whole chorda tympant of the dog The mixed olut on was applied
onthedog stongu afterapphcationofsucroseo sodiumchlonde 1th
out water nnsing b tween them Thus 1t was found that ¢ 5 M sodium
chlondc depressed the response to the m xture applied after the salt
sol tion vhl the esponse to mxture as n ver depressed by
previous 0 5 M ucrose Single fibr analys s shoy ed that the response
to 05M sucros of single sugar fib es was dep essed entir ly by
previous 05 M sodium chlo ide while the response to 0 5 M sod um

hlo ide of sngle salt fibes was never affected by a pre ous
appl catton of @ 5 M sucrose and that the response of ngle suga

salt fib es to the muxture was depressed partially by od um chlond
but not by ucrose

Many nivestigations on taste have appeared in the Literature howeser there
have been few studies on masking or inhibition with taste mixtures Many
beerages are based on the pninaiple that sugar reduces the acd taste ANDERs-
soN et al (1950) shov ed that the muxture of acsd pH252nd 10 sucrose gave
an algebraic sum of the responses to acd :md to sucrose as far as impulse

y was d Thus they d that there were specific endings
for s\\cel and acid solution and the depressing effect of sugar on the acid taste
must has 1ts scat centrally

In the present paper the peripheral depressing effect of salt on the response
to sugar has been studied

Onl  fr m Dep tment of Phawt Tams Thoneal Cohant s

13633015 A t phy ol d
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Method
Scventeen mongrel dogs (male and female their body weights 3511 kg) wert
used 1n the present exy Under 1 hesia (00 mliE
body v eight on ml of v hich contamns 18 mg mebumal 40 mg mebumalsod um a!;d
of the

250 mg urethane  the chorda tympam was cxposed The infegrated seporise
\ s Jole chorda tympam and s ngle spike discharge of a fine strand were recorded The
/ppcramc pracedute and exp rumental technique v ere almost the same as those dt
scibed 1n presious papers from this laboratory (ZoTTeRyAN 1936 A DERNOY s
1920 LirgrstRAND and Zotremstan 1934 Cougn Hacmara and ZOTTERVAN 195)
As taste solution 05 M suc ose 05 M sodjum chlonde and muxed solution coRta o
05 M sucrose and 05 M sodwm chloride were used These solutions 3 €r¢ Jept
at 38 C aad applied to the dogs tongue by means of the t o-cylnder 3pBLC
s hich was dev ced to gne t o d ffe ent solut ans successnely one after another + thost
"'a‘c'bfo‘m";z ’?ClTrcn them Tl e volume of each test solut on applied 10 the mnvuf
was about 5 ml The mixed solu 0 5 M sucrose o
BN e t on v as appled after appl cation ol

Results

Inte, rated sesponses

“The mtegrated responses of the whole chorda tympam weze secorded 10 seves
dogs The integrated responses to 05 \f sucrose 05 M sodium chlorde and 2
mixed solution contaring of 05 M sucrose and 05 sodium chionde were
simular 1n most of our chorda tympan: preparations

InFig 1 records A Ba d Cshow the adaptation to each taste olution when
the same salution was succe swely applied to the tongue without water nnsm\o
¢ ¢ 0o M sucrose after 05 M sucrose 05 M sodmm chlorde after 03

sodum chloride and 05 M muxture after 0 5 M muxture In every €as¢ there



EFFECT OF SALT O\ SUGAR RESPO\SE 195

i__n SM 5 0 SMM
A /'\’\VV/A\\-«VMA_
——TE T s\ S 0 Mt 1
B ’\,\,
TN o W1
C
Fg 2 Dp sing et of 02N TIMT Ul 0 svs 6 MK O
sod im blonde on th espon cto o
muxture  ontamng 05 M ucros
2 02 Msodum chlo i T SN S
src.

Was 0o response to a second apphcation of the rdentical solution Then the
Tuxture was apphed to the tongue after the application of 05 M sucrose and
after 0 5 M sodium chlonide AsshowninFig 1 D and E the mixture did not
induce any response when appled after 0 5 \{ sodium chlonde while the mx
ture produced a conspicuous response following upon 05 M suerese

Even when the strength of the sodium chlonde of the mixture was lowered
© 02\ a qute strong response to this muxture appeared after a previous
application of 0 5 M sucrose (Fig 2 B} After the application of 0 2 M sodium
chlonde there wasa very small response to the sucrose of the mixture as will be
seen from Fig 2 D These results indicate that sucrose did not nterfere  1ith
the response to the lower concentration of sodium chloride 1 hile on the other
hand the lower concentration of sodium chloride still exerted a depressing eflect
on the response to the sucrose

For the further analysis of these phenomena 1 e turned to a study of the
Tesponse of single gustatary fibres responding to sugar

Sin le fibre analysis
Altogether 32 & 1 single fibres ding 8 sugar fibres 13 sugar
salt fibres 5 salt fibres and others \ ere analyzed

Su ar fibre
All sugar fibres + hich responded to 0 5 \M sucrose but neither to 05 \f
sodium chloride nor to v ater v ere inhibited by previous 0 5 M sodium chlonide
Tig 3 sho - the typical responsc of the sugar fibre This fibre did not
respond to v ater butit as sumulated by 05 \M sucrose (Tig 3 A) Asshown
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Fig 3 Records from asngle sugar fbre Response to 05 M sucrose 15 uh b ted by previous
05 M sodium chlor de Time 1n sec
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Fig 4 Responses recorded f om a smgle  ugar salt fhre (type 1) upon application of 05M
m xture afier 05 M sucro & (A) and 0 5 M sodsum chloride (B) Time 1n sec

m Iig 3 B the application of 0 5 M sucrose following preyious 09 M sodwm

chlonide did not stimulate the fibre Fig 3 G presents the reproducibility of the
response to 05 M sucrose after water For four of ewht sugar fibres the
response to sucrose after a previous odwm chlonde applhicauon was totally
suppressed In the other four fibres 1t was also almost entirely abolished

Sugar sall fibre .
Sagar salt fibres were sumulated by 05 M sucrose as swell as by 05 1;

sodum chloride but their response to these stumuli were not uniform chc“
they have been classified tentatively into threc subdivision v ¢ type 1 P o
and type IIT Type L 1s the sugar salt fibre which responds much sﬂ'ﬁ“"“T
05 M sucrose than to 05 M sodwum chlorde Type 11 15 the salt sﬂ!z:u
fibre which responds to 0 5 M sodium chlonde much more than to 05 M
crose And type III 15 the intermedsate type of fibre whichsalm
tive to both strmult

The response of type 1 sugar salt fibre to 05 M sucros® 0> M SUZ‘V»;:;
chlonide and a mixed solution of them are reproduced 1n Fig 4 The ‘;; -
1n this fibre resulung from stumulation with 0 5 M sucrose was 14 sp; s‘mli‘
second (Fig 4 A) and that of 05 M sodium chloride was 4 spnkcsallaxt e
(Fig 4 B) The discharge frequency of this fibre to the sugar §

ost equally sens!
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Fig 6 Responses ccord 4 7 om ascigl fbre of type 11 Nate the ¢ pons 10 @3 Mwer <28
depressed by p 0w 0 5 M sod um chio de Tame 15 sec

applied after the response to 0§ M sucrose was 6 spikes per second and the
Tesporse 1o the maxture aftes 0 3 M sodwm chiornde was also 6 sprkes per sec
ond Other fibyes of type I showed almost the same activity to the muxture
after 05 M sucrose or 05 M sodmm chionde

Fig 5 shows the respanse of one of type I aalt sugar fibre Thezesponse of
this bre fo 0 5 M sucrose was 2 spikes 1 the first second (Fag 5 A) and that
10 05 M sodmm chlonde was 7 spikes (Fig 5 B) In this fibre the mxture
produced 6 spikes i the first second after the responst to 0 3 \ scrase and 4
spikes after 03 M sodwm chionde Most of the other fibres of this ty pe showed
a simtar behaviour

The depressing effect of salt on the sugar response was observed more
cearly w the type 11 miermediate fibres than in type I and yps 11
fibres As shown w Fi, 6 one of type 111 Rbres responded to 85 Vsucrose
swmicantly vath discharge at 11 spikes per sccond (Fig 6 A) and also ve
sponded fo 05 M sodum chlonde wath 12 spikes {Fig 6 B) However after
the responss to 0 5 M sodmm chionide the actavity of this fibre to 0 5 M sucrose
was depressed to 6 spikes per second (Fig 6 B) A sumiar effect of salton the
SUZAT Fesponse v as Wustrited i Fig 7 The electricat actvaty to 0 5 M muxture
1n tns preparanon v as not nhabsted by previous 05 M sucrose (Fig 7 A) but
depressed by 05 M odmm chlonde (Fig 7 B)

Salt fibre
All the salt fibres which responded to © 5 M sodum chlonde but not to
05 \f sucrose or s ater 1 ere never affected by 05 \M sucrose applied to th
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The demonstration of LoEwENsTEN (1998) that the speaific structure of the
paciman corpuscle hardly has anythung to do with the transduction of the
stimulus as all the feaves of the onton can be pealed off without nterferiag
with the exaitatory process shows that the speaific property of the receptor
nherent 1 the ending of the naked nerve fibre and not in the corpuscle Thus
there 13 every reason to accept the possibility that fine nerve endings pene
trating the mucous membrane could serve as speaific gustatory receptors
Turther we rmght have both mechanisms which each served different purposes
¢ ¢ villrand gustatory epithelial cells as receptors as wellassp free gustatory
nerve endings

The results obtained 1n this and previous studies on single gustatory nene
fibres pont 1n the direction that most gustatorv nerve fibres respond to more
than one class of sapid substances while a few fibres are more or less specifically
responding only to one quahity of stimulus and not to others within reasonable
stimulus strength The experimental data so far do not give us any due to
determne whether the gustatory cell including sts valli 15 speaific or not If that
wasso the muln quality response should then depend upon the fact that af
ferent kands of gustatory cells are supphied by the same nerve fibre W fuchever
15 the fact the present study shows that sodium chlonde exerts a strong depressing
effect upon the gustatory structure sensiuve to sugar whether this structure B
mherent 1n the willi of gustatory cells or 1n free endings of gustatory nené
fibres
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Elmmation of Ethanol as a Measure of the Hepatic
Blood Flow in the Cat

Y Expermments with single anjection of ethanol
By
Jens ANkER Lagsew
R ot ved 30 Nar & 1967

Abstract

Lassey J A Elm nat on of thanel ox o measar of the hep dc blood £ &0
wih cat 3 Experments wth ngl e ton of thanol Acta phys of
scand 1963 57 201208 — The ef munat on ecurve followrog a
single imgection of 0 25 g ethanol per kg waght was studied 1 ¥3 cate
anesthetized with Nevsbutal It was found that the climnst on was
constant duwn te artenial concentrations of 4060 mgd, the mean
vatue be ng 103 | mg/kg/h Below these cancentrations the eximaction
m the hver was almost complete and the amount metabolized 1n the
In ¢ was thus dependent on toncentration and lver blood fow
Afte correcton fo the amount of ethanol chomnated outsd  the
trer the hepat ¢ blood flow was calewlated from the ehimnation
curve A mean val ¢ of 34 3 mi'kg/m n was found

It has been yadely accepted that the miual oadation of ethanol takes place
exclusinely s the hver and cansequently ethanol should be sinted for determana
ton of the hver blood flow using the Frck princple In anstial experiments
on humans (Larsgn 1998) it was found that helow certasn small concentrations
ethanol s as slmost completely extracted in the Iner Under these arcumstances
the artero-hepatc venous difference can therefore be determined without
heer von cathetenzauon Two methods for determination of the Jiner blood
flow without Iner vem catheterization were suggested one using a single
injection the other using contnuous tafuson of cthanol

Howerer the results obsained by the mfunon method on human subects
indicated the exastence of a considerable extrahepatic elimnation of ethanol
The amount could be determined wedhrectly and a mecan vajue of 20 5 mg/mn

14633015 4 taphy ¢ adi [5 29]
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was found (Larsew 1959 a b) Later cxpenments with determunation of the
Iver blood flow by means of bromsulphalemn partly confirmed these sesults
An extrahepatic elmination was found averaging 153 and 125 mgjmin
(Larsey Tyestrup and Wivneer 1961)

For further confirmation of the results obtawed by these methods a senes of
expeniments were carried out on cats In the expeniments reported m this
paper the elumination curve after & single 1yection of ethanol has been studied
with caleulation of the elmnation rate and the extraction of ethanol in the
hner Fmally the ehmunation curve has been used for determmnation of the
liver blood flow

Experimental Procedures

The condition of 1he ammals The cats were fasted for 15 hours but were permitted
water ad Iibtum They were anesthetized using 3 5 per cent solution of ethyl meths!
buty! barb acd (Nembutal) grven P Ily (35 mg/kg body wesght) and
were maintained at a surgcal level by repeated antca ascular mjections The blood
pressure was recorded during the whole procedure and the temperature controded
and kept constant 1 1thin one degree (C) Cats are very sensitine to intrayascular injec
tions of Nembutal and th the doses must be given mn small amounts
and very slowly Ifnot a long lasting fall 1n blood preswure 15 noted The blood pressure
should be as constant as possible 1n order to avoid alterations in the hver blood flow
The amount of Nembutal necessary for hy varied greatly from cat
to cat but was usually about 18~36 mg/h The depth of ancsthesia could be rol!awdzld
by observing the degree of muscle tonus the pupils and various reflexes as well as the
blood pressure which (ended to rise as the anesthesia wore off

Collect on of blood semples Artersal samples were used drawn from 2 catheter plzcct‘h;1
the femoral artery Thus catheter was also used for the smtial 1njection of ethanol a2

c doses of Nemt In some cath of ali erran
was performed The catheter was introduced through the right external yogolar vet
and placed deep 1n a hiver vemn under fluoroscopic control o

Determnation of ethanol ‘The ethanel content was determined on plasma by means ©
an Y method using alcoholdehyd; (ADH) (Bucimr and szzzzcL
1951 LiwoQuist and Woutitzss 1958 Larsex 1929 a) Two buffer solutions utrtzrj )
Buffer I consists of Sodium pyrophosphate A R (I0 g) semicarbazide HCLI( gof
glycne Sorensen (05 g) 2 N NaOH (10 ml) and water to mabe a firal w: umem
300 ml pH 86.88 Buffer 2 consists of Glycine Sorensen (15 g) ethylenc ":’(’: o
tetra acetate (03 g) sem carbazide HCI (25 g) 2 N NaOH (25 ml) and wa
make a final solume of 200 m! pH 8889 451 per

05 ml of plasma was deprotermized with equal amounts of perchloric ac ot b
cent (w/v) and 0 8 ml of the supernatant was neutralized with 004 ml 4 l\cé\aBuﬂ'" ;
concentrations between 300 and 20 mg/! the following procedure was us othringet
ADH (Bochninger 30 mg/m!) and diphosphopynd anucleoude (DPN & ml test
remst 15 mg/ml) \ ere mixed 1n the proportion 300/10/1 and distributed s
tubes 1 3 mi port ons 0 1 ml of the neutralized supernatant was added ’xl‘};:c S:m“m
gently shaken and then allowed ta stand undisturbed for 60 m nutesDU)vn 340 s
reduced DPN was then measured 1 a Beckman spectrophotometer { way 25 the
A water blind and two ethanol standards were treated in exactly the “‘:;m ? value
plasma and from the standards a factor was determned by which the :xm Hiaema cas
was com erted to ethanol concentrauion In this way the cthanol conten!
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d tymned but £ anted the oncentration i  hole blood can be calculated by
wuluphcat on with (10004 WG where H ud catet the haematoene value

For cone ntrations below 20 mgfl the followsng modificatson was used Buffer 2 and
DPNwe moxed o the p oport on 704 and to one half ¢f the mucture ADH was added
the amount being 1770 of th total amount of DEN wed 03 i neutral zed supernatant
waa th n added to 06 mi of each buffer mixture and the extnction value read at 340
nm after 60 m a The value of the sample without ADH was subtracred from the value
of the sample ontum 28 \DH and the difference used fo calculat on of the ethang}
content 1 th manner desenbed above This is necessary becatwe the supernatant in
this mod fi aton hasa ga f ant absorption at 340 nm,

Thes procedures hase a1y hugh degrec of peafic ty and accuracy The mod fica
ton used for alues ben een 300 and 90 mg/l has a coefimient of vanation of 07 per
ceny and the recovery 8 100 7 pe cent The modst catson wsed for values below 20 went
hay a coeffer vt of varat an of 22 per cent and the recovery 1s 160 & per cent
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Determnation of the hepatc blood flow 025 g ethanoljkg body weight was gives as an
8 per cent (w/v) solution 1n 1sotonic sodsum chlorsde through the catheter in the femoral
artery and the ehmination curve was determined from artenial blood samples taken at
intervals of $5—20 mun for 3 hours When distnibution 15 complete (after 45—60 min)
the el curve 15 1 fy a constant ¢l of ethanol. Cor
responding 1o the rectiinear part of the curve the Lver 1s supplied v 1th more ethanol
than can be omdized and the metabolic capacity of the Liver s thus the rate Jirmiting
factor From the ehmmaton curve the total amount of ethanol metabolized per munute
can be calculated as shown by Wiomark (1932 p 43)
At a concentration of 40—60 mg/l plasma the elmination curve begins to fatten
and gradually approaches the abscissa It has been shown by Inver vem catheterizat 0B
_swn human subjects (LARsEN 1999 a) that duning the rectiiear part of the elimunation
curve the concentration 1n the Liver vemn runs below and parallel to the artenal con
centration. When the artenial curve begins to flatten the concentration it he Liver
vein becomes zero From now on the amount of cthanol brought to the bver by 1he
blood 15 1nsufficient o saturate the ethanol oxidizing system Thus the ethanol content
of the blood limrts the amount metabolized in th hver
C ly the artenal at which the ehminat on curve 8l 0
1n the preceding pen
lated by d viding ¢

flatten must the ar venous
According to the Fi k prineiple the hepauc blood flow 1s calcul
amount metabolized per mnute in the hver at complete saturation by the concentration
1n the blood at wh ch th curve starts to flatten The amount metabolized 1n the § verli

Jculated by subtr g the amount d outside the liver from the total amoun!
eluminated (This extrahepatic eltm nation was determined 1n each 3t 1nd rectly as
well as directly 1n experiments reported 1n a subsequent paper (LARSEN 1963) )

1t should be mentioned that 1n the present experiments plasma values have brent "
for ealonlation of the Iver flow The value obtatned 15 called plasma flow but 1) &
o Mmties] with the plasma flow obtamed by using bromsulphale n 200 S5 7
compounds which are bour d to the plasma proteins Ethano! 1s d strsbuted zquabi’m
e vater phase of plasma and erythrocytes and the flow calculated from & £oi
o of cthunol will therefore be greater than the actual plasma flow In 1o
T the mean plasma flow has b en conserted to blood flow by mult pheat °"ho§ﬂ at
(1000 4 H) where H 15 the mean }aematocr t 33 4 + 375 from 10 cas ©

random.
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Tuble II The lLimanat on 10t and  valu (5 2 1 3} found by d fferent entho 1 The
penphe al concent at n ot which the ¢ m nation tate uas calculated s Iuted s the fi 1t column

Autho Per pberal | Blmm tion rate © value
con entras n
mglkgih | mg/100g
(el Yeer/s
Wewsan nd Lewgax 1937 | 2000 Y - 04 (870-075)
blood vafues
Crang et 1 1939 600 i) - -
Eoorton 1940 1000-2000{ 114150 { 46D 059 (048-078)
100~ 200§ 81~120 | 280-339 | plama valves
Hn aal 197 1200 126 - 074 (OR~075)
blood values
Lansey 1962 100~ 200 § 103 333 063 (0530 6)
plasma values

Results

“The results from 3 expennments are shown m Tablr 3 The eiminauon rate
of ethanol and hepauc flow 13 exp d 1o deffe ways to facih compar:
son with tesults published by other authors For the same reason the Iiner
blood flow » gnen both as mifmin and mijkgfmin In the table sz also hsted
the r value which it the part of the body i which ethanol 53 dissolved to the
same extent 23 in piasma In cakeulating the Iner blood flow the total amount
of ethanol chminated has been corrected for the amount of ethanol ehminated
outside the Iner determined as well directly as indirectly

An experunent with a single injectson of ethanol and liser vain cathetenza
uon 15 dlustrated 0 Fig | The hepate yenous difft s seen to
crease durmng the expenment indicating a faﬁ m the bleod flow ln some
expermment at 1 as found that alth h cune way i g
there 1 ere sull small amounts o ethanol s the blood taken from a Iner vein
This does not necessanty mean thar the exwaction of ethanal 1s sncomplete
but tught be explamed by contammation with blood from the nfenor vena
exva or afflux of small amounts of blood shunted past the Iner eells

The amount of ethanol elmmated w the expired a1 2md exereted i the
urmne has aot been mesiured as the amouns fost through thess ways plays an

1 toje 1 the et when only small plasma concentrats 1ns are

present

The fastng salue of evhanol 1 the playma has been Dund o be very 1 v
In 26 d tex the plasma d no ethanol 1 1§ cases The mean
value s 2 0 4 mg 1 plasma with a standard deviaunn of 0 46 mgfl
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g, Case 4 Casel
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Fig 2 The el m nat on curves from a s ngle ) ject on of 0 25 g etha ol/kg body we ght

Dsscussion

The eltmunation tate of ethanol In the Iiterature only few experiments are
}r:portcd 1n which the elimination rate of ethanol has been determuned mn ¢ats
The results of these experiments are hsted m Table IT It 15 scen that the
ehmnation rate vares considerably as is the case wn other species ncluding
man The results tn Table I indicate that the most constant value 1s found 1
the metabolic rate 15 expressed 1n relatron to body weight though 1t might be
expected that the findings expressed n terms of Inver weight would give more
constant values
The elimunation rate found 1n the present expermments is low but 1338
d. with the el rate found by Ecoierov (1940 a b) at
parable small In earlier exp 1ts on humans (LARSEY
1959 a) where the eltmunation rate was calculated at smularly small mnc.:mr‘:’:c
tions (200—100 mgfl blood) the amount chmnated was also found to :
smaller than usually reported (66 mg/kg/h against 84—132 mgfkgfb (Ecseran
Scirever 1956 p 48)) This brings up the question of whether the chmmaho‘n
of ethanot 1s dependent on the An ext review on thus r;;)
ter 15 given by Jacopsew (1952) and Eveer and ScuLever (1926 p 56— e
‘The fact that the ehmination of ethanol 1n the experuments published m"a’l
present article 1s smaller than usual ponts to a relationshup betscen Chmlensl:‘
rate and concentration Nevertheless as in the experiments on humans f( il
1959 a) the elmination curves were always found to be rectihinear Iro;
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Yirta mo
100

Fg 3 Thelastpa: fthe 1mnat nounesfom
2 ingl wyect aof025 gmh kg body we ght
ol ted sem loga thmrcally The abs sssa unt oM
m\mgowz ®—@= e b

KX = €28 e = 230D it

pomnt where dufi b was established and down to concentations
abaut 30 mgfl plasma Some typical curies are shown m Fig 2 Mathematucal
analysis of the rechhnear part of the curve has not been found necessary The
sgnificance of the cunve below 50 mgfl s rather obscure MarsHaLL and Frerz
{1953} have explored the same range and found the curves to
be rechilinear m a sermloganthuuc systern which means that the elmunation

pe 1 to the In some cases I have found the same but
m mos$ cases the cunves ate vather weegular Some examples aregnenn Fig 3
However a i course in the } h

systern can not be expected
as the ehrmmanon below 50 mg/l will connist of a hepatie chmmnation dependmg
on the concentration n combination with a constant extrahepatic elunieation
which finally becomes dependent on the concentration too (Larsey 1939 a
1962) Thes fact taken tagether wath small varrations i blood flow and an
mereasing analytical error at veny small concentrations \nll mfluence the
sesults i such a way that an yregul p anght be
expected

The wflugnce of anesthesia » the elommafion rate Whether Nembutal anfluences
the metabolic rate 1t cats 1s wucertan as 1t has nerer been measuved without
anesthenia Cuann f2f {1940) could not dernonstrate any effect of hembutal
on the metabohe capaaity of the Iners from cats i 1@ vitro expenments
Eooizrov {I940 3 b) found no fi dhffe m the ¢l rate
of ethanol tn dogs v 1th and withaut h By ie] the ek
rate i dogs with the ¢ TaNe 17 cals ¢ with Nembutal she
concludes that this anesthetie bas only lutle of any nhsbstory action on the

metabolic rate WiTTLEsEY {1824) has determined the ehmination of ethanol
e dogs withous i and k d with Nembural Thys
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mmvohved $ expeniments on 4 dogs and by staustical analyses of the resuls
it was found that \embutal decreased the chimunation rate wath 4—18 percent,
Tke liver blood flo. As 1n humans the extraction of ethanal sn the Iner seems
to be complete below arterial concentrauons of 5060 mg/l blood Thus mrans
that also i cats the hepauc blood flow can be determuned from the eknunation
cunve provided the amount of cthano! elmnated outside the Iver 13 known
The results obtaned by this method wsll be discussed 1n a subsequent paper
where the results of expeniments with conunuous mfusion of ethanol 2 ¢
reported
This msestigation has been partly supporied by grants from  hong Chrstian Den Tiendes
Fond and hobmand t Odense Johana og Hanne Weimann L Scedorfls legat” Thanks ar
due to Mre, G Trossex and Mrs § Avvnaw for valuabi technical austance
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Abstract

Lassex J A Elmnat n S ¢tharol as g me
tathe cat I The gn ficane Sthe 3t ahepar
plysiol scand 1963 57 209793 — ¢

was foung 1 bry
fant dov 1o et mal concentrations of about o

Tb I o blood fiov mxbcmd(mm:dbymmm i
ofos on of thanol without I ver -
o of 268 mi kg mun was found Apparendy fhe ",
o hloralose dd oot ali 7t b er blood fies W,
de case nflow warnor cdwh o athe waswaedfo 5,5

A method fo determination of the hepatie blood fgy, R
wfusion of ethanal s sthout hepatic vein catheteryyy, 5 L:
suggested (Lurses 1938 By use of thys method in h“ma ”~
results v ere obtamed \ hch ndicased an exirahepay, +

ot -
The amount { ethavol metabohzed utside the Loyt i
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was found to be mn the range d 1 ¢ from

20~-50 mg/l blood In this article experiments on cats will be described which
confirm these results
The liver blood flow was determined by continuous infuston of ethanal

and 1 each cat the extrahep 1 was di d indirecily and
later directly by determining the ehmination rate after evisceration
In the eviscerated ammal both the of the extrat 1

and the oxidizing capaaty of the kidneys were examined

Experimental procedures
The condition of the ammals The experiments were performed on cats i the post
as de bed ly (LArsEN

absorptne state and h d with Nembutal P
1963) It must be emphasized that the cviscerated cat 1s very sensitive to Nembutal
and as the biver has been removed only small amounts of hembutal are necessary for

In some exp nutrous oude + ether were used and

others chloralose
Collect on of blood samples  Artenal samples were taken from a catheter placed 11 the
femoral artery In some experments cathetenization of 2 lier vein was performed by
the same technique as used carlier on cats (LArse~ 1963)
Determination of ethanol Ethanol was deternuned enzymatically
hy d: as bed 1n detadl p (LARsEN 1963)
Determination of the lver blood flow and the amount of ethanol elimunated outnide the leer &
solution of ethanol 1n 1sotonc sodim chloride was infused intravenously by means of 3
motor driven syringe at a rate of 0 187 ml/min. The amount mfused per m putc was
)alv.a)"s smaller than that elurunated at complete saturation of the ser Onte or twice
during each experiment the concentration of ethanol m the solution infused was 2ug
mented 1n order to obtain different concentrations of ethanol n the blood A Pﬂf“’:f
dose was grven at the start of the infusion and when the amount snfused was changh
The calculation of this dose was based on the weight of the cat and the T value ’(1‘11:
portion of the body 1n which ethanol 1s dissolved to the same extent as plasma) .;
r value together with the amount of ethanol ehminated after complete samrahonon
the hiver was determined in earlier experiments on each cat by means of a single mpect
of ethano! (Larszv 1963) Jant
45 minutes after the start of the infusion the co centration in the blood 1 cons %
indicating that the amount elimmated equals the amount mfused Tn experiments W02
a single injection of ethanol it was found that when saturation of the liver was mcompm "
the concentration 1n the Iner verns was almost zero (Larsey 1963) This mea;! e
when the concentration mn the blood 15 constant 1t 1s 1dentrcal with the arter n! ep:
venous difference Prowided that ethanol 1s ehminated exclus vely m the Iver 112 25
be posuble to calculate the hepatic blood flow according to the Fick ;;rm 7P
d viding the amount infused per minute by the blood concentration at ln; ndeat on
It was found however that the blood flow calculated 1n this way was ,I;'Pj psera
the amount infused being smaller when the amount infused was increased et n the
tion can be expla ned by the of an OT:;,  omcentrs
following way provided that ethanol 1s metabolized exclusively in the lAv:;-f ‘;: uare
t10n when constant must be directly proport onal to the amount mfused e o asthe
lotted on a graph with the amount mfused as the abscissa and zhcofmczrz JnFig 180
‘ordinate the pomts should he on a straight | ne passing through the 8-po

by means of alcohol
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expertraent with three Jevels is Mlustzated and 1t will be seen that the pomts fall on &
strasght hme but thyy hme ntersects the abscissa to the nght of the ongin This paralle!
dusplacement of the hme can be explaned by an extrahepat ¢ el rmat on of
ethanol wh ch 15 constant i the concent ation range cxamuned The amount ehminated
extrahepatically can be caleulated from the pont of sntewsecton I this amount 2
subtracted from the amount infused the blood flow 3s the same when caloulated at
different mius on rates

The amount of ethanol ¢l m nated outside the Liver (k) and the hepate blood flow
{EHEBF)* can also be calculated £ om the followang equat ons

4y % EHEF 4 & = 2,
2o X EHBF 4 ke g,

where ¢ and ¢, are the constant conemtrations when different amounts 4; and &, are
wlused From these equations the two unknown factors & and FHBF can easly be
deternuned Thus caleulat on has been used 1 the present aet cle

As m earbie exptuments only plasma valties hate been determumed and the flow
caleulated 18 called the plasma flow ¥t howewer not identical with the plasma
floww if by meany of ds bound to the plasma proteins £ g b om
sulphalen Ethanol 1 distnbuted equally n the water phase of plasma and erythrocytes
and the playma flow calculated from the ethanol content 1o plasma 13 therefore greater
than the actual plastma fow The mean value from the experiments has been converted
1o blood flow by multipf cation by the factor (100}/(100—0 4 H) where H 1 the mean
haematoont (33 4 4 3 75) £ om 10 cate chosen at random

Ertsy ston Evisceration was performed as a two step procedure In the first operat on
the abdomen was opened throngh an nes an pasaliel to and a httde below the nght
curvature and the nferor vena cava was constss ted o a dameter of 1—1 5 wm by
means of a ulk bgzture tied around a probe of thu d ameter Th s was done 1 order 10
establish suff ctent anastoroses b tueen the mferio and  upenior vena caval systeras
‘The anastomases are fully established after 1012 days Then evisceration was perform
cd leaving the kdneys o tu fh Iner was totally remosed together with the part of
the infertor vena cava s tuated betw en the diaphragm and the 1 gatwre Dunng the

«penment glucose  as nfused coptinuowsly at a rate of 100 mg/kg/h to substizute the
normal sutput of glucose from the hiver The anunals tolerated the eviscerat on well
but the blood p essure hov & a tendency to fall dusing the experiment + huch usually
lasted 4—S hours After th evise atonasingle miection of etharoly asgs ¢n (0 102
gfkg) and the elurmnation curve stud ed In some of the expeniments she ludneyy were

remo od alter tho hows n order 1o establish whether ethano! 3 metabolized 1 these
<ygans

Summary f the xper mental proc du & pesformed n och cat

1) Smgle anyectron of  thanol with cannulation of the femoral avtery (The results of
these exp pments ha e been eported separately (Larws 1963))

23 Gontnuoy  nfus on of thanol with cannulat on of the femoral artery and ve n

3 Preparat an Tor cvascerat on with constrctson of the inferior vena cava

45 E scraton and & ingl  nje ton of ethanol vith cannulation of the femoral
art sy and ven

Tt fint three procedures were performed under sterile cond taons and as a sule the
cas co ved oy qu kb Tk y were often dnnkmg and eating nosmally { om the
sccond da after the expensy ent. The we ght was constant or even increased 1 some
cases There wa =n irt tval of at least 30 days between each exper mentat procedu ¢

(EMBF = Etm ted Hpt  Blood Flow)
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Table I The results from single injechion esperiments on evtscerated cats (— ndicates
experumental_farlure)

Cat no r value | Extrahepatic ¢l minat on of ¢thanol Elmuato
eviscerated mn kdneys
cag n per cent

Indsreetly determined | Durectly determined of total
extrahepatc
mgfmun | Per cent | mg/min | Per cent [ehmnaton
of total of total | {d ectly
determned)

1 - 08 13 - - -

2 063 1 28 07 18 46

3 067 - - 07 18 3

4 062 - - 12 16 40

5 064 09 21 06 14 2%

6 056 08 11 12 17 37

7 062 12 18 10 15 2

8 06 14 27 08 15 =

9 062 ~ ~ 13 15 3

10 068 12 17 08 1 =

1 069 08 8 11 n 2

12 066 02 2 09 9 -

13 - 10 12 - - -
Men| 065 094 157 094 145 318
SDj| 0031 033 82 023 29 125

Co flic ent
of v naton| 78 351 522 245 200 B9
I
Results

The r walue The r value (the portion of the body which ethanol
15 dissolved to the same extent as wn plasma) has been calculated 1n order t0
ascertan that normal distribution of ethanol took place mn the cvxsccrami
ammal The values for eviscerated cats are bsted in Table I Taking the sma;]
day to day varations into consideration there 1s a vesy good agreement 3 1
the values obtaned 1n the intact antmals (Larsen 1963 Table 1 q

The mean value 1n the two series 15 065 (s d 005 n=11) and 065 (s
006 n=13)

Extraction of etharol in the lner In previous experiments ont cats thlslos;:"]i
myection of ethanol it was found that below concentrations of abog:_)ﬁ T!is
plasma the extraction m the Lver was almost complete (LARSEN 1 ) stion
was confirmed 1 two of three experiments where Jiver vein Cadmml;uan
was performed One expertment 1s illustrated m Fig 2w here the conctcg;" o
in a Iner vein 1s almost zero at an artertal concentration of aboul
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nters et o wck th
<cates the amount of thag 1 1 ounat
edoutsd th 1 ar

ney Xt s of great mpartance that the bload fo,
€ase in the
ted 4 prioyy
7 Was gien
ent In one
€T there were small fluetuanons

10 be the case wath anesthetized cars In Mo cases & constany wnfuyg
OVer 3 penod corresponding to the length of an ordinary eXperm;
€ast the flow seemed constang but i the op,
Vathout any definge Tise or fal]

The constancy of the trwer blood flgw 0 the expenments can

howerer pe
iHustrared by plotting the resufry from alf the EXperiments on the same graph
but 1 order to make the results comparable g comrections muyst he made

1) The amount of etharol ehmnatad outside the ey (Cnnupqndmg 10 the
Pot of interseet on \ 1nh the abseissa) must be subtracted from the amount
infused in each e¥penment This correcnon shauld make (he Iines pasy through
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Lable I The results from contunuous snfusion of ethanol The artenal concentrations haze been
corrected by mulbipl, with a factor calculated by dimding the astual luer flow by the mean
Sflow from all the expertments The amounts of ethanol wnfused per minute hate been comvected by
by sublracting the amount metabolv. d outside the lver (— ndicates that the constant extrs
hepatic metabolism exceeds the amount wfused)

Cat no Hepauc Correct on | Ethanol Ethanol
plasma fow | factor (mg/l plasma) (mg/mm}
1
{mljmun) Uncorr | Corr Unc | Comr
1 107 118 126 149 213 135
331 391 433 355
2 0 077 98 75 120 014
126 97 194 088
208 160 2,51 145
5 74 o8t 25 20 044 -
52 42 088 -
121 98 182 089
2,3 204 249 186
6 % 105 58 61 osf oo
131 138 181 10
177 186 2.54 175
291 306 348 269
394 414 480 381
7 65 071 79 56 108 -
158 1nz 219 103
319 226 324 208
8 48 053 70 37 096 -
143 76 210 02:
33 187 310 !

10 73 080 22 178 286 1;;
368 294 317 ot

55 420 503
1 o 101 ns 116 201 ’g:
247 244 281 §ﬂ

349 352 10
6
12 113 124 236 293 286 §59
314 389 377 £8
g 579 503 !
8
13 173 196 106 201 279 2137
164 3. 386 o

27 431 491
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om al] the Xperiment, {Table D) Afier this
Correction the slape of the dsfferent ines should be the same With

t:
son hine caleulated by the method of the Jeast Squares

0 ponr and the complete lineay dependence 15 expres od by a correlaton
coelficient of § 0

COmPparison « 4y, the fov TRIES Measured °n the ga

™me Cats after , Single
myection of ethanp} (Larsey 1963 Table I) showy that

the flow Tate 1s foung
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results are Disted 1in Table IV Itis evident that the use of ether 1 nitrous oxide
reduces the hepauc plasma flow whereas chloralose has no obvious influence
on the flow Apart from cat no 20 the amount of ethanol ebminated outside
the liner was found to be reproducible

Iiscussion

Extraction of ethanol tn the It er The results have shown that almost complete
extraction of ethanol takes place m the liver in the concentration range used
The small amounts of ethanol found 1n the hver veins may be explamed by
contarmination with blood from the nferior vena cava or afflux of small amounts
of blood shunted past the liver cells (blood from capsule andfor connective
tissue) A relationship between the amount infused and the concentration m
the plasma found 1n the 1nfusion experiments would certainly have been scen
of the extraction was mcomplete providing the extrachon was constant at
different concentrations Ths 1s very unlikely and by no means supported by the
expenimental findings However a constant extraction at different concentra
tions nught be expected 1n cases where a constant portton of the blood passing
through the Iner 1s without contact with functioning lver cells

The extrahepatic elimnation It cannot be said to have been defimtely proved
that the parallel displacement of the cune n the nfusion experents &
caused by an extrahepatic elimination of ethanol but the results render 1t very
probable Even a pl wll not 1nfl the calcula
tion of the extrahepatic ehmination but will only alter the estimated blood
flow (with the expeniment in Fig 1 as an example 1t means that the pomt of
antersection with the abscissa would be the same but the slope of the curve
different) The correlation between the amount determined mdirectly and
directly 15 not very sausfactory However 1t can safely be said that the expen
ments on eviscerated cats have proved an extrahepatic elimnation of ethanol
of the same order as that found by the infusion method The amount chmlmtc:
outside the hiver seems to be smaller 1n the eviscerated cat than determind
by the infusion method This 15 not surpnsing as the metabolic I’“’C‘*:
mght well be diminished 1n the eviscerated ammal Furthermore 1t may h:
that owdation of ethanol can take place in the organs removed ¢ £ (d
intestnes Finally a day to day vanation m the amount metabolized outs! 1:
the liver may contribute to the lack of correlation though the few experimen
summarized m Table IV arc agamst this cight

Tt has not been pos 1ble to demonstrate any relation between body a
and the amount of ethanol elminated outside the liver Nerther “m!z;d
relation found between the weight of the hadneys and the amount metabolt

by them has not
tion takes place
The question as to where the extrahepatic elumnatio e the ki neys

heen mvestigated 1 1th excepuon of the amount metabolizee
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1thas been Jound that on an average 35 per cent of the extrahepatic elrmunation
takes place there (Table 1}

The Iver 35 the dammating organ tn winch the first step of odauan takes
place Thus has been proved by bver perfusion exprisments performed by
Fressivoer Bewarp Courtial and Derser (1936) Cowrrax (1936 p 33--36)
and Luvnseaarn (1938) Furthermore this was confirmed when the enzyme

leoholdehyd: which 1 responsible for the first step of oxydation was
1sofated and crystaliized from horse Iner by BovacHsey and Wassen (1948}
The total amount found (1 g/kg hver) 1 sufficient for oadizing the amount of
ethanol metabalized 1 vivo (TrEoReLL and Bowwcrses 1951)

Tor many years 1t has been debated whether the first step of cudation could
take place outside the biver as reviewed by Casex snd Deixunos (1587 p
7071} Jacomsen (1952) and Evssr and Scureven (1936 p 34~56) How
ever experuents in teéeet years demonstrate cléarly that ethanol can be
wadized by vrgans other than the ner Especially convinang sre the espen
ments where Jabeled ethanol is used In thas way BARLETT and Basever {1949)
found 1n 10 vitre experuments that ethanol was oudzed by kidney heart and
diaphragm from rats but not by brain tissue Masoro  Asgavowrrcn and
Becnars (1933) confismed these findings and fucthermare found a shight
owudation 1 jung tssye but no oud could be de d 11 swated
muscle A definite oxsdation 1 as ako found n ludney shees by \Masoro and
Asranowrren (1924) In 1928 Forsanper Raunts and Stovarames published
perfusion experuments using haer and hindhmb preparations from rats and
found the hundlimb eapable of oxadizing ethanol BEppEinCk (1959) found an
mereased excretson of labeled CO 11 muce dunng muscular work and accepted
his a3 evidence of cudation of ethanol by the muscle This conclusion may be

mcarrect as the result could be explaned by an wereased oudaton of labeled
cthanol metabobies

Using non labeled ethano} SurnErtaxs Hrx and Bummemor {1356)
Beer and Quastes {1928) and Wanioren and hurowew {1960) found an
ancreased uptake of axygen » hen ethanol was added to brasn tisue {from rats)
=umuatated by ROCL or an electrie current In the last tho publications sheve
the toncentration of ethanol 3 as followed no vudaton of ethanol could be
demonstrated  Some owdanon however was found by Bureripee Surtssn
Lasp Hing and Swiov (1999 1 non sumulated bramn tssue from the rat

These expenments grne no informaton about the total ameunt of ethano!
eliminated ewmsde the bhver 1w wno but expenmenty have been performed
eviscernted ammals @ order to eshmate this value \Isny and \grson {1939)
found no cimmnation at all e the esiscerated rabbit v hereas Luwuse waxn
(1238) fornd an chmination in the eviscerated eat « bich hawever did not

exceed 10 per cent of the eiminaton in the wmract anwmal Coares tal {1940y
found an <l t 1oy the o de

of the amount & mnated 1n comrat animals

g 10 19 and 31 per cent
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The Iuer blood flou 1In the Inerature 1t has only been possible to find 6 o
reports on the hepatic blood flow 1n cats In the first of these reports (Scusm
1908) the blood flow through the portal vemn was measured by meansof Hurth
Ies Stromubr  and in five experiments the flow varied between 12 6—190
mifkg/mun In the second report (Barcrorr and Snore 1912) the blond flos
was deterrined directly and ranged between 15—45 mlfmin (The body
weight was not recorded) Because of the techmque used the values are not
comparable to the values obtained by the ethanol method and therefore 1t
was chosen to compare the blood flow found in cats with the blood flow 1n
dogs determuned by the Fick prmciple

The Iner blood flow 1n dogs has often been determned since the method of
BrabLEY ¢f al was introduced 1n 1945 Like the ethanol method 1t 1s based
upon the Fick prinaiple using the dyel Iphalein The F Joss of
bromsulphalesn scems to be about 5 per cent of the total amount ehmunated
(BrapLey 1960) SeLkurt (1953) has compared the bromsulphalein method
with the direct determmation of the blood flow and found the bromsulpbalein
value to be 7 3 per cent hugher

The liver blood flow has also been determined by the urea output (Lipscox®
and CrANDALL 1947) and Rose Bencar (SapmsTery and Sowson 1900 and
CowpEs ef al 1996) Covees (1960) has made simultaneous determunation of
the Iner blood flow by means of bromsulphalemn and Rose Bencar and the
ratio betwecn the two values was 0 99> Finally Indocyanine has been used for
determmation of the Iner blood flow (herTerer WiELAND and Raparort
1960) An extensne review of the different methods 15 gnen by Fisuzr o of
(1996) When the values of the Iner blood flow obtaned by the methods
mentioned abote are pooled a mean value of 38 2 mljkg/mun 13 found (s d
76 range 27 6—56 0 ml’kg/mun n = 21)

The influence of anesthesia on the s er blood fou The mfluence of anesthesia on
the lier blood flow 1n dogs has been reported by several authors PRATT
Horszs and SHEID (1952) have determined the blood flow immedaately bel‘or;
and duning the use of d h cause

2 butal and ¢y cloprop

cither no alteration or a slight increase 1n blood flow whereas cdicrddcneasfd' ph

the flon (no absolute values were given) GILLMORE (1928) could no

i f1 of butal on the blood floy “hlc: Va8
3

345 mlkgimn before and 309 mlkg/mwn after four hours of z:gC:;)“;n

This was confirmed by EvRisgttay Brensesan and Horvatt { o

these three papers each dog served as 1ts own control When chlo;: e

used the blood flov was found to be 47 ml/kg/mmn (}{A}lklm;:“ ! e

am

1953) FisHER et al (1996) have determuned the Iner blood e tod fior
ups of dogs In the first group no ancsthesia was given and the iood
& h Nembutal the Bl

+-as 46 mlfhg/min In the second group anesthetized it
flow was 49 ml'ky, min but in the last group anesthetize

flon was 70 mf hg mn

d v ath ether the bl
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Fron these results it 1s seen that butal app: fy does not il the
Iner blood fow 1n dogs and the same seems 10 be the case with chioralose
Thes 35 3n 2gtecment with the vesults of the experiments an cats reported here
The whuence of ethier on the hver blood flow 1n cats i the present series s
in accordance wth the results of Prarr Horares 2nd Suem {1952} butan con
trast to what was found by Freuer ¢f al (1826)

Conclusion The mean hepatic blood flow 1o cats anesthettzed wath Nemtbutal
was found to be 34 3 mi/kg/mum when 2 smgle myection of ethanol was used
for the determnation (Larses 1963) and 26 8 mifkg/run when determuned
by continuous mnfusion The values are not sgmficantly &fferent but an
expersments 1 humans the results grven by the single smjeeuon method were
also higher (1318 mijmn and 1137 mijman respectnely) (Larsey 1929 2}
This can be explamed by the ig solvent space for ethanol sn combauon
with the constant extrahepatic ebmmnation which will make the elumnatien
cunve after a single injection flatten very stosdy The pomt of desation from
the rectilwiear course may then eastdly be underestimated and ihe blaod flow
therefore overestimated Thus source of ervor will af cousse not play amy role
when contmuous mfusion of ethanol 13 used The value given by the wfusion
miethod 15 yust below the range of values grven by ather methads 1n expermments
on dogs but 1t seems ustified to assume thas the value found represents the
actual lner blood flow mn cats

The results bave shown that the amount of ethanod chmwated vorside the
hner cannot be dedured from the body weight Therefore the infusion method
must be the method of chorce for determination of the hver biood flow by
means of ethanol In order to caleulate the hepanc blood flaw the infuston
Tate must be changed at Jeast once Sixty minutes are required belfore complete
distnbutan bas eccurred and if two samples are taken at each level with
fiftcen munutes sntenal the determination of the dlood flow can be made
within th ee hours

This method has the obvious advantage thar catheterizatian of the liner can
be avosded On the other hand the solvent space for ethanol s greater than

that for bromsulphalem indocyamne and Rose Bengal aad this makes the
method less sensitive for smmall and guick alteratons in flov

Thu  cutgt o ha been pard support d by grants fom hong Ch sia Den T ndes
Fod d Nbmand Od scjhnnogHann W monn f Secd @ {gat Thanks re
d 4 Mp G T ovr and Mt Ao ! e B g ko alas s
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order to formard the processes For cach Mol glycerof phosphors lated one Vof DPNH
ss formed The arount of DPNH was determ ned on 2 Beekman Spectrophotometer
{DL) at 30 om and from this figure the amount of glycerol was ealeulated
Reagents Buffer solunon 208 g hydrazinhy drate 24 per cent

Iigglhame

02 ml Mg(l, 02 3y

(MeCl 6H,0.203)

08 m! HCI {conc )]

water 15 added 10 2 final volume of 106 mt

2nd the pH 15 adjusted 10 9 1

Perchlone acsd 38 per cent {wjs)

DPY (rewnsyy

ATP

GDH (c. 3000 umts/mg protein)
Gh {c 85 unis/mg protetn)
(the enzymmes used were produced by Bochnnger) /

T chuique 15 m3 blood was collected 1n a b { 1ube and d 05 m!
plasma was then deprotesnized with 0 | ml perchlonic acid 61 mf of the supernatant
was diluted with 02 m of water and 0 04 mi of the d lutton used for detersunatson of
concentrations of glycerol between 2003 000 mg/l At concentrat ans helow 200 mg
plasma 0 1 ml of the undiuted supernatant was used

k before d the buffer solution and the cnzymes were mle;;
1 the following proportions 1 m! buffer/0 33 mg DP\-068 mg ATP-0 005 m} GDI
and 00072 m! Gh For each reading 2 ml of the buffer mxture 1 requiced Tbcmmu;
v 23 distributed m 2 gl portions n & ml test tubes and the enzymatic processes mﬂr
by adding the supcruatant The test tubes were gently shaken and Ioft undisturbed fo
43 msnutes when 1he amount of DPNH formed was measured "

} In each determnanon a water blind and 2 gh cerol standards were treated in exact ;‘
the same way as the plasma samples and by means of these standards & facta w
caleddated by wh ch the exuncrion v alurs were conerted t glyceral values .

{araty and sp fi by fihe vethod The modf canion sed o determ natson ofghcewK
“oncentrat ons between 200 0pp mgfl has a coeflic ent of vanat on of § 94 per cenl
and the recovery was 93 2 Pereent {n = 10; The modifcation used for wncmuzl‘:zn;
below 200 mg has a coeflicient of varst on of 0 62 per cent and the recovery was
PeT cent fn = 10 tue of the

In order to ensure thas cquimolar reactions took place the theoretical u;;\_ﬂ -
ext net on was calculated based upon the molecular ext action coefficient of Lo
627 » 10% 'Horecken and horzeere 1348, Ay b gh concent auons 96 6 per cen
the theor 1 cal alue was found and at small con entrations 96 4 per cent esction.

The method s erv specif'c and apart from gh cerol anly La-GF will gvear iy
Houerer th compound has never been found sn the blood of rats and humz[m, g
normal cond tons "W sr5anp 1957 Other methods used for determunation of gh
have bten the ugh! @ -wed by Miser and Dactos (1923 p ]67~234)} .

Comment on the method 1In cooperaton with Dr Chr € one (rt-sear';m Tebls
Instituze of Med cal Bby ology the method publishs d by W eland has e ter e
modficd | Wicland suggests that the perchlon tons must be emon e Thie
Pprotewization by add ng KOH as thys 1on will nhsbst the enzymatc {; "; 28 of the
could not be conl rmed and therefore thus step wa omuned 2) The pl ‘; e bigh
buffer sofut on used by Wieland has 1 our hands been found to nusc_” e ored 10
extnction of the water blind By changag the pH to 9 1 the extnct on w

01

without aftuence on the enzymat € procesy’

2 o
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Toble I Valus dtoms df mth flmnatxncwr fllow agasngl o fwnef08—D9g
2y eralkg Body nerght In catn I the el muatyn e wa not { lowed { og enough t
show the flottening

Cat no. | Teeght at e | Ehmnaton ate Hpte Pont of
{ug) ola ma ff wi fattenng
{ealfkgiemm)] of che
wsfkath | mgimn & sanation.
curse
{me/3)
1 34 o456 1848 967 - -
2 210 06s 3008 1033 501 100
3 258 oE? 239 1029 19 125
4 214 071 3023 1089 339 130
M o1 oalz 062 2323 1035 386 122
Hep ¢ bload Row 441

Thee ndt n fth at The expenments were performed on cats n the postabsorptine
sate anesthetized s sth Nembural The nual gese a3 ghen mmtrapentoneally (30
wgfkg) and anesthes 2 mamta ned by doses g1 en {lv sa that
1 ght consant, surgrcal anesthes a was obtained  In order to avosd any loss of ghe rot
n the urtne the uretsrs on both s des wete L gated close 1o the kidness 1 2l the ex
perunents The operat on 1 aa performed  etroperttoneath th ough an e won 1 the
flanks Th Wlood p esu e  2¢ cont olled durmg the ent re expenment and the tem
peramre kept constant ae 38 degrees (C)

Coll ¢ fblod ampl  Arter al samoples s ere used 1k n through a atheter placed
£ the fermo at a tery

Esperanent with n{ w t a fgher! Infou cxper menws BB—09 g glycerolky
body ¢ ght was tnjected and the el mmation cune stud ed Iy d t eounation of th
glycerat onteat wn blood samplay taken at tntenvals of 1270 runstes

Expes ment w th ntnuous enfus n fgl er I In three exper ments a soft on of ghe rol
7 soton ¢ NaC) was rafus & b meansof amote & nssrng atarate of § 187
wl win The amount afised pe mnute was w 1 b lo  the amount chminated in the
30l njecion expe iments t complet sateaton of th ! r Tw  duwg each
exp suneat the conc virston of glyc ol n the solton sfused 2 augmented n
ard  toobtan th e d fierent con ntration § vel of ghh e o1 in the blood \ prmng
dos  asgy natthe tatofthesnfusonand hen h amount rfused  as changad
Thisdos was aleulsted from the we ghtof th cat and th m an value of fouad
th  ugle wmyect nexperm nis {The ¢ value p esentsth parcof the body n wh b
ghcerol s d ol vd toth same extent 33w th plasma

Lxperment u th ert n In fie expenm nes vise raton was performed as a
0t pprocedure as deser bed in d tad p eviowsh (Lansew 1963 b, \ 3 ngte ] ction
of 2 g of gly cerol was gen and th el m nat on curve stud ed Th vt al con niration
of gheerol was about 800—{ 000 mg playma The kednev wer [ o (uw th th
ureters ) gaied and remo ed Ixte in theexpenment ex ept Don asewh  th 3 ere
vemored fom th start Du ng the xperunent glucose was ofused 21 2 at of 100
Mg kg haur n order o subst ate the normal output of glucos fom th ¢
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¢ ™ e om
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Fg I T Imatacn [l
lo'vga g jcton of193g
rher 1
Results

1 Lxpervments wath sing le myection of glycerol The results of thesc experiments
are histed 1n Table T and a typical eltmination curve 1s illustrated 1n Fig 1
As the ehmination curve for ethano! this cune can be divided into three
parts In the first part the fall 1n c 1on 1s caused by el and
distribution of glycerol 1 the solvent space Thus part ends about 40 mn after
the mjection and the curve becomes rectilincar llustrating that the ehmination
1s constant independent of the concentration At 1 coneentranon about 125
" mgfl the elmination curve suddenly flattens and gradually approaches the
abscissa This flattening may be explamed by assuming that the glycerol
oxdizing capacity of the Iver 15 no longer saturated nd that total extraction
takes place in the Liver at these smal o as has been d d
with ethanol
Provided that no glycerol 15 chiminated outside the hver the hepatc plasma
flow may then be calculated by dividing the amount chminated per rmnute at
complete saturation of the hiver by the cos at wlhich the
curve starts to flatten The results are Iisted in Table I In one case the elimina
tion curve was not followed long enough to demonstrate the flattening of the
curve
Only plasma concentrauons have been determined and the flow calculated
1s termed the  plasma flow It 15 not tdentical with the plasma flow calculated
Ly means of compounds bound to the plasma protemns ¢ ¢ bromsulphalem
Glycerol 15 distributed equally 1n the water phase of plasma and erythrocytes
and the plasma flow calculated from the glycerol content 1n plasma 1s therefore
greater than the actual plasma flow The values have been converted to blood
flow by multiphication by the factor 100/100—04H where H 15 the men
haematoenit (33 4) from ten cats chosen at 1andom
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Table Il Results from experments 1 ith eontiauous afust n of glycer 1 The amount anfused per
munde 1eas changed lutee tn eack experiment

Cat Glycerol | Arteral | Po nt of Fasung | Constant Hepatc Corre
o mfuscd concen intexsecting ¢ vatue | amount of | plama lavon

(mg! waton | ofregress on (mgfly | glycerot flow well
nun} {mg/l) fne wih metabol cd{ cafeu! ted | cent
the ord nate miahe] erfa
(mgil) Defore mg/min4a
nfu on meit
fa} {mlfkg/
(mgimo) | puny
> 373 3ter 1132 1034 190 644 0%
555 4096 70
773 5853 660
3 318 2942 G647 1141 084 435 093
328 4987 444
7.20 6009 4
7 423 &0 59 1898 823 201 319 098
603 7230 35
757 9233 332
Mean value{ 1225 999 139 98

Hepauc blood fi w 572

Table N1 Value drtermned fom th  luranat » un _follouing a smgle wgectson of 2 g
&hee ol 1 eouscerated eats

Cat no Wesghe v jue Eimnat n
(e) mgikam mg/aun
8 10 o058 584 3 219
9 369 055 248 x‘aa
10 394 060 s b
n 400 o0 4% 3
e n 0r2 2 2%

paunt of mtersectn with the abseissa 15 10 the left of the ongin ThX; rllﬁzﬂc?;;
duplacement of the line might be explamed by a cc astant oxidation t; 7 ’ccml
10 the huer of the fasting cat which equals a constant production o ,g) de
This amount 13 represented by the numencal value of the pant & ":]nmxlx
regression hne wntersects the abscissa Whether this amount s njicn:?“(“

the total amount of glycerc! produced m the organism will dq’::r;) 1‘: e
stence of any extrahepatic ehmtnauon of glycerol This possibility

discus ed fater m this arucle
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Fg4Th lmunat ncun foll winga
angl 1 gecton of 2 13 g ghe tol inan
ensc tedeat Atthear wib kdneys
arerem ved

However when the amount of glycerol oadized 1n the biver 1n the fasung
state 1s known 1t 1s possible to calculate the hepatic plasma flow by means of
continuous 1nfusion of glycerol by adding this amount to the amounts mnfused
and dnading the results by the artenal concentrations at equhbnum The
plasma flow calculated this way 1s hsted 1 Table IT together with the fasting
value and the amount of glycerol oxidized in the liver before the infusion

C Determ niation of the elimnation rate 1n eriscerated cats The results are listed
mn Table III The r values sigmfy that normal dutnbution of glycerol
takes place 1n the eviscerated cat With the kidneys 1 situ a considerable
constant elmtnation of glycerol can be computed from the cunves averaging
2 38 mgjoun

In threc expeniments v here the kidneys were removed a peculiar nse n
plasma concentration of about 100 mgjl 1 -as seen After 20—30 mun the con
centration became almost constant An experiment 1s illustrated m Fig 4
In one experiment the increa e 1 concentration was of the same order but
took place gradually from the removal of the kidueys and dunng the rest of
the experiment lasting two hours In the expeniment where the kidneys \ ere
removed from the start the artenal concentrauon was decreasing very shghtly
from 60-—120 min and tk frer the

\as pl constant

Discussion

The v talue The rt value (the part of the body 1n which glhcerol s
dissolved to the same extent as in plasma) from the expertments v ath single
injection of ghheerol in intact cats and an the eviscerated animals gave a mean
value of 063 (s ¢ 006 n = 8) v hich 15 not significantly different from the
values for ethanol In five expenments on cats Howst (1944) found a mean
valie of 052 and 1n expenments on humans the same value was found His

r values v erc based on the gheerol content 1in whole blood which males

the difference beny een lus values and the values i1n the present expeniments
even greater
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Table I Resulls from expervments with contumious wfusion of glyceral The amount mfused per
minate was changed tirtce in each experiment

Cat Glyeerol | Artenal | Pont of Fastung | Constant Hepatic Corre

no nfused | concen | mntersccung | alue | amount of [ plasma Iation
(mg/ traton | ofregression|{ (mg/l) | glyecrol flow coefi
fun) (mg/l) Inewth mctabr hized | caloulaged | cient
th ordinate nthe ber | as
{mgf1) before mgfmin+-a
nfusion mgfl
{2) {mlfkg{
{mg/oun} | un)
5 323 319 n3 1034 19 644 098
553 409 740
773 5853 660
6 318 2947 647 141 08t 295 0%
528 4987 414
720 £0.09 484
7 423 €0.59 1893 823 201 329 093
604 7230 35.5
7.57 92.33 332
Mean v 1e 1225 999 159 498

Hep tc blood flaw 212

e
 —

Table BT Values determned f om the ol munaty 1 curve folloutng @ sim le wyeetion of 2 ¢
glycerol 1n 15 erated cats

Cat no. Waght “ alu ‘Elmunation rate
(kg) mg/kg'h 1 mog/mun
8 40 08 289 389
9 369 055 748 15
10 394 06r 165 100
) 400 070 4.5 303
\ean [ 62 ____z_.ai___’
el
pont of mtersection with the absassa 13 to the left of the ongin 'nu; p’a:;]r;
displacement of the line might be explained by a constant ax:datmn(; g] )“m]
1n the Iner of the fasting cat which equals a constant production © E)c he
This amount 15 represented by the numencal value of the pownt 3 ﬂ[‘ e
regression hne intersects the abscissa Whether this 2mount 13 x?;“;‘jem
of
the total amount of glycer A produced 1n the organtsm will dcpfr; ey wll be

stence of any extrahepatc elumnauon of glycerol Tis posst
discLssed later 1n this arucle
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At equibt the amount el d 15 equal to the amount mfused plus the
amount produced Provided the extraction in the Iner i complete 1 the
concentration range used (as ndicated by the single 1njection expenmenty)
the amount metabolized 1n the Liver 15 proportional to the concentration The
rectihivear relationstip between the concentration at equilibrium and the
amount mfused then shows that the resultant of production and extrahepatic
elmnation 1» constant and mdependent of the conc

Tlus was to be
expected for the following reasons 1) It 15 unbikely that the producnon should
be prop 1 to the ¢ ton 2) It s ble to assume that the
capaaity of the extrahepat: dizing 5y temas d and the th
metabolism constant 1lso at small concentranans 9) Thus both the production
and the aymount gxadized outside the liver may be assumed to be constant

The lwer plasma flow (EHPF) can then he calculated from the following
equations

a +p=EHBPF » ¢ +F

a +p=EHPF x¢ +k

where ¢ and c are the constant artenal concentrations obtaed by nfusion
of 2 aond a mg glycerol per mmute p 1s the constant production and k the
constant extrahepatic elunmation By subtracting the tho equations p and k
are eiminated and the lner plasma flow can then easily be caleulated In
other words the hver plasma flow can be caleulated by dividing the difference
between the amounts mfused by the difference between the constant concentra

tions obtamed It may be noticed that netther p nor k can be calculated by the
wfusion expenments

The fasting value 15 only placed on the straight line drawn through the
exp ] ponts af the b oudizing system 1s saturated 1n the
fasting state In Table 11 the fastng value from the threc experiments are
Lsted together with the vatues found from the pont of mtersection of the
ordmnate with the regression ine In case 5 the two values are almost 1dentical
and n case 6 the fasting value 13 higher than the calculated alue This indicates
that the extrahepatic oxidizing system 1s respectny ely saturated and unsaturated
in the fasting state Finally mn case 7 the fasting value 1s rouch smaller than the
caleulated vafue This is probably due to an experimental error

Apart from case 7 the findings are i accordance with the amount metabolized

tn the lwver 1n the fasting state When this amount 1s great the production
must be great and the

2: dizing system 1
and vice versa

ly saturated

The ver plasma flow found 1 the infusion expenments are very tugh
compared ta the values found by using ethanol (mean value 29 8 mifkg/min
range 23 7—42 7) and 1n case 5 and 6 the values are even beyond thus range
This nught be due to the pracedure of Lganon of the ureters or caused by
cessation of urine ecrefton

(EHPF} = Est mated H p t ¢ Plastma Flaw

1661301 o taphy | d 1 157
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In sympathetsc gangha  acetylcholmesterase {AcChE) 15 consdered to
be localized almost cxclusmely at the presynaptic sue 1n contradistinction
to 1ts postsynaptic localzation where 1t 15 found in the motor end plate Tha
concept 15 based pred; 1 on bioch: 1 d of AcChE
m the superior cervical ganghon before and afier preganghiomc deneryanon
Following this tvpe of operation about 83 @, of uts total AcChE 1 lost withn
the first two weeks (Sawver and Horuosuean 1940) These findimgs were
later confirmed histochencally by hoerte (1923) who demonstrated that
maost of the AcChE n this particular ganghon was lost after dencrs ation Hou
ever persisting actieity was found w the neurons particularly m che celf
bodies Some of these showed ntense histochemucal staring whereas the
maonty possessed mnsigmificant actvaty  The frequency of the markedh
AcChE active cell bodies was found later to be highly different 1 \anow
gangha (Hotustent and Sjogvist 1909} Further expenments have showa
that the heawly stamned cells are located almost exclusnely 1 those ganglha
which grve mse to the postganghonic outflow of cholinergie secretory fibre
that nnervate the eectine sueat glands of the ears paws (nz stellate and
16-82 Sjoguisr 1962 a by

The purpose of the present work was to determine whether the Hustochemeal
findings conld be correlated with corresponding brochemucally measurable
dafferences i AcChE actnyaty As stated easher (Howstept and Sjogvist
1961) every hustochemical techmque ought to be firmly rooted an the use of
such brock i ls In add the combimed brochermcal and biste-
chermical approach may yield results that are more resealing than any one
techmque used alone

By using both normal and preganghomcally dencrated svmpatheue
gangla it 13 possible to d h between pre and p ally focated
enzyme (hogire 1821 Frepriesson and Syogvist 1962) The relatine amount
of postsynapac enzyme should be proportional sheoretically to the frequenty
of heavily stawned ganghon cells provided that an intense stamng really
reflects high enzyme acuviy It 15 most feasible 1o compare the fv o me
thods 1n the Jumbosacral ganghia L5 S2 in which the frequenty of heasth
stamed cell bodies sanes between O and 13 % of the celf population
(SjoquisT 1962 a b}

Materzal and methods

A Dusse tion ond operatar pox dur 5
e biochemueal expx were peric d on
F:‘;uwa of companson some nodase gangl 3 \ ere mdud«,ik All cats wet
(hetized with sod um pentobarbital (Nembural Mbbott 40 mgikg impl e el
Acetsicholmesterase actvars was deternuned n the supenat :c;\m“d o frocn
and the prevertebral ganghia of about 10 cats The gangha ere d sl B one
adjavent pre and postgangiome fhres In a few cxpenments the

het ¢ gangte of the e t
nes
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L4
RESECTION  _
L5

:]

L7
Fg t Schematedeaw gofthearra gement
of the lower lumbar and saeral sympathetic
chain and t3 gangla. W and G_whte (pre
panglion ¢} and grey (po tg nghom ) ram
comynun cante  esp ¢t ly 1I—VIT fum
Yar pnaln nes I~HI acralsp n Inerves
The ¢ ecton of the grey samus determ nes
the enumerat on [th ganghon Whit ram
ar generally lacking below th € urth lumba
p nal nerve Ganscqu ntly no pregangl one
fbres nt ik chanbel wiheind atedlev 1
of resect on

of the tellate ganglon ¢ ¢ the vent omedial part from v hch the cardiac nerves
arue was d ssected fre from the remaimng non cardiac  part The aforement oned
gangla are s ell defined anatorn cafly and eanly dutigurhed from the fibres contrary
to those of the lumbosacral region In the latter ca ¢ the + s ble gangt onic swell ngs
of the chatn were dissceted free from the presumed p  and postganghonic fivres

“The anatomical } terature concern ng the lumbosacral gangl a of the cat s meager
s h with a few exceptions (LascLEy 1891 Bovhr 1932) Dis.
se ton ta about 40 cats have sho vn that the sympathet chamn n general conta ns
even lumbar gangla thre sacral gangha and a varying numb £ of coccygeal gangha
as described by BotAr (Fg 1) Wh n refer ing to the ganglia Lanciey s nomen
latu < has been nsed Thus the gang! on which sends its grey ramus to the 7th lumbar
spinal nerve 18 called the 7th fumbar sympathet ¢ ganghon etc The gangl 2 in the
lumbosacral cha n are not always symmetncally arranged 1n some ¢ases a contralateral
ganglon may he missimg i oth r cascs gangl 2 may be duphcated or fused and
fasi  the nerve wrunk 1self ma) comam gangl on cells espeaaliy in the reg on Lo
S? The left and right | 1 sacral gangla are oft n fused 10 2 single med 2l gangl on
and camoot b d by a uni of the chan (Fg 1) The
gangla belo 51 are extremely small

Prezanglion ¢ denervat on of all ganglia belo v L+ was obtamned mostly by resecting
a ] cm segment of the cham ben ¢en L4 and L5 blaterally s nee the white ramy
generally do nct pass out below th fourth Jumbar nenve (Lanctsy 1897) However
a3 described by La GLev whie ram somet mes ans from the Fith Jumbar nene
In such cases a resect on was made also between L5 and L6
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Fg 2 Apparatusfo biochemical determ nat n of ChE A = Glass react on vessel w (b thr
mostaz B = Teflon topper w th electrode T tube and ex t Iy, C = Polyethylenct b gwih
glass cap llary 02 mm. D = Contamer fo NaQH  E = Combination clectrode  § = Agd
m crometer syr nge T = T tube for polyethyle ie tub ng from Agla micrometer syt ng. and
wlet N TC = Hole for temperat re TE  Hole for

The aperatie experiments vere made in 1] cats (22 chains) using an abdomins
approach and accepted surgical principles The cut ends were retracted from each
other and also turned back upon themselves and a bit muscle nterposed between
the ends At time of dissect on the ganglta were of normal appearance Regencration
was visible in one case and was excluded 1o the present series The segments L3 5
1 ¢ the visible gangl omc swellings together with the chain above and beneath
the ganglion 1 ere dissected out 1—3 wecks after the operation assayed for AcChL
and 1 to the values 1n normal cats For comparison
the superior cervical ganghon was denervated preganglion cally in + cats by resectiog
a ) cm segment of the cervical sympathetc trunk at the Jevel of the thyrod gland

B Bockem col techmg ¢

Equpment
Apparatus
The apy loyed for the bioch | analyses (Fig 2 were as follow
(Radiom ter Co-

T
Tutrator Type 1 | ¢ and Tungraph Type SBR 2¢/SBU | a

penhagen) Electrode Radiometer Tvpe Gh 2071 ¢ reaction yersel accord n% ‘:'

¥ig 2 equipped with a magnet ¢ stirrer and kept at 25 C by means of a remot (l:;

mostat (Ultrathermostat Type U 3 Lauda/Tauber West Germany) Ham .

¢ 05ml (HaLzos Co P O Dox 307 Whtver Cal USA) All glass 3 1375

1ng
?r’:r: equipped with polyethylene tubing for the transfer of solut ons
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Fg 3 Controlofthedener G0 [ SSEFTT 2 TVIKE VO NUIE YOT TATAL
R A N A A

cellular level H stochem A Lo X T j P SPaC SET
lvumngofA CHE athe 40 0 Maiel o g pals 687 AT

e £
Ist sacral gang! on. Cryostat ‘/{%'ﬁ"ﬁ (T z

L2k I g g {0 Ty
o 4 ATy =)
ect ns Thiocholpefn th \*,v.(){f.&gk";\,a?{j;?» N SN
Bhammm s SN B LS
Y le{m\:xly v 2, "’QC.,{‘Z: }4:—‘«’ :*Lce =y
bodes rather demse met .d“h‘;'ﬂ"“t :Loié:;‘g n 2Uen0Gs
Sl e penel e L IR By ! Y
L4 & " -
Toth mght Te weeks ‘“S~yiry, 3} “Q};,h.QmS:.,:,;‘v.«- L0700
after preg nglome d ner A~ nﬁ,/"‘?_;o,:,&:&__q Y Set PSS
z?u\ t h(kol’racﬁlb ty (,3,‘\, ST e ot N

nth m) e o g e ongs b >
Pers sung ACCRE i som & }’/‘1&}’ {l‘tg‘ ,y‘,__(_‘s‘y} P e ,'I‘D* 3"‘%;(
cell bod es and 2 oms Bio- 33 %) % yﬁ?.,,_g:e;yq, A S
chemical act aty (234 % S SR Jl. )ns«\h\r & 75
10 pmolesacdmg mm ) % P T M > Dy =R &
consequently  eficcts post oV ARV ey T VRN Ul o ST Laaval
synapt ¢ AcChE act aty

‘The homog n zer used + as a sl ght mod fcation of the one descr bed by ALprmcE
E stry and Streer (1960) Its inner diamcter v as 13 mm Tle bottom 1 as made
of stamnless steel The distance between the pestle and glass tubmg was 008 mm and
the speed of rotation was 900 cycles/ mnute

Reagents

The reagents used for A ChE assay were the folloving aqua dest (dcionized and
CO, free) NaOH 00075 M the NaOH was made up in CO free aqua dest and
tested for each set of experiments { e¢ belov ) RCl0 1M adjusted to pH 8 v 1th NaOH
and Lept CO, free substrat  ac ] f methylcholne odde 60 X 1072 M (Beta
cholyl, Vatrum Stockholm) kept n 01 M COyfree RC! pH about 6

All olutions used ¢ e bubbled through with washed N before the determination
and protected {om ar with soda I me traps ™\ trogen also was blovm slowly over
th Awd n the rea ton ecssel both dunng the temperature equlibration and the
ttraton n order to exclud anv nterfer nce by atmospher ¢ carbon dioude

Pocd
Standardi t on of NaOH solit on

A volum of 45 ml CO fee aqua dest and 02 ml 0001 \{ HCI was added to
th racuon essel Py meansof th automauc titrato th pH was adjusted to 7 0 v ath
the \ OH solut on After equilibnium 0 50 ml of 0 001 M HCI was added by means
of th Ham lton synnge Th  olume of NaOH equ red for readjustment to pH 70
was ecorded tingrapheall on the bsasss where | mm corresponds to 0007 ml

of the tirant
Homog n aton

The weghed ga glon as homoeen: ed tn 01 M COyfree KCl at pH 8 (1—2
mg w t w ght per ml) The homogen t was transferred to a glassstoppered test
tube and bubbled through with washed \ for 5mn
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Table I AcChL acturdy 1n different ganglia of the cat ¢ pressed in
pimoles acid x 10° mg=* mn?

Canghion or segment | Number of AcChE Nunberof | AcChEun
cat g ngha cats segment

Nodose 3 3334069 — -
Super or eerv cal - 913 £ 169 _ _
Left 1 9091140 - -

R ght 4 971 +106 - -
Stell te — 930198 _ -
Left 12 9431200 — -
Rught 4 8911184 — -

Card ¢ part 5 691+ 089 - -
Non card ac part 5 911 £119 —- -
Coeliac 8 4466114 - -
Supenor mesenter ¢ 8 406 £ 139 — —_—
Infer or mesenter ¢ 4 308019 — -
Thorac ct 2 (12) 550 4 069 1 (1) 3124065
L1 5 (8) 552 + 044 41 489091
L2 5 (8) 578+ 104 1 (6) 5954111
L3 5 (10) 720 £ 047 6 (11} 699137
L4 5 (10) 706+ 086 6 (1) 6541104
L5 5 (10) 753 £ 094 6 (12) 631171
L§ 5 (10) 533+ 069 6 (12) 559 £ 167
L7 5 (10) 870 £ 240 6 (12) 7665165
St 5(7) 842+ 142 6 (8) 780266
52 2 474 4 551076
53 2 360 4 5884117

The valu s represent mens = § I percat (5 D = ‘/ el—x)_ whenn > 9 otherwse
n

the den munator n 1}

‘The number of gangl 2 v hen 101 «d nt eal w th the number of cats 13 g

thess

For defimtons p ge ¢

Th value represents the mean of d flercnt thor ¢ g ngla

wen w th n pa an

Determination of AcChE activity
The enzyme activity was determined 1n a final vob
conta ning the known amount of tissue was made up to 2 volume of he Agla
®C! (pH 80) 1n the react on vessel The magnet ¢ stirrer was started and the ;‘E[
m crometer syr nge filled with 0 0025 M NaOH from the storage vessel The mr;%r_ P\ ¢
was then started and the pH adjusted to 8 0 After equilibration 0 5mtol6 g ¥ i
acetyl § methylcholine was added The paper speed 1 most experiments was i,
and 10 muin required to obta n a straight line recording he ganglion
Curves for spontaneous hydrolysis were run 1n exactly the same solut ons ‘degcm the
ussue excluded The spos tancous hydroly s of appreciable was subtracte

enzymic one

¢ 5 m! The homogenate
o volwme of 45 mln 013
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Table 11 AcChE acts ty 10 d ff rent deneristed gangla of the cat® exp esweet 1
pmoles acd x 10° mg— e

Gang! a0 segment | Numberofeats) AcChE ing ngha] \ChE m Per cot [
{gangha} segments ont ot
§ peno erveal A4 195404 - 212
LS 10 (20} — 1962031 813
6 10 (20) - 199£ 06> 351
%] 0 (19) - 3564+ 130 517
st 10 (12} - 363 =074 465
s 8(8 - 199 4068 361

The alues ep eerdmeany £ S D pereat

The number [ ganglia when act sdent ¢ 1w th th numbe ofcats s enw thm p ran
thess,

Contol ales T ndmT Wl ghtoot mn.

The differ n &5 berween L7 and Si md the other g ngha a ¢ bghly s gmficant (1 test
P < 0001)

The i neanty of 1he method for the amounts of enzyme vied + as determ prd 1 A
pecial set of expeniments In control tests th dufference between dupl cate expeniments
of the same homogenates amounted to about {§

Calculatien

The abscossas of the curve as obta ned fiom the utngraph  nd cates the amount
of NaOH 1n pmole used after mital calbraton The ordinate mdicates tune
mmates

Sunple read ng and comversion gises the acetylehol pesterase acty 1y Qus beng
xpressed as gmole of hiberased aad per mg tisue and menute 26 256 pH 80 ¢
A¢ChE 2 twity = gmole 2ad £ mg~ mun

C Htochem I nr !

H wxhemical demonstrat on of AcChE s+ as performed with the th ocholine method
as mod fied by Howusreor (1957) The normal ganghia hase be n studed ex
tostely ale (Spogvist 196”7 a b Freoriessov and Sjogvist 1967) In the p esent
tud  the effect of preganghomic denenvat on was conwrolled at the eeliular Jeved in

eriain gangha of som  expertmental amimals (Fg 3) In such cases a small pa ¢t of
the gaogton was ex sed fo b stochem cal 1 estgatan and the cest of st i fito b o
chem cal determ naton of AcChE

Results
\ormal gan iz
BDawx m Tahle 1 demonstrate that the gangha from some regions of the
sympatheuc chasn differ from the rest in having 2 higher AcChE actingy
Ths pertains especrally to the supenor cercal the stellate the 7th lumbar
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and lst sacral gangha The lumbar gangha L3 L5 have a shghtly higher
actmity than the remaming paravertebral ones In the stellate ganglion the
ventromedial portion ¢ ¢ carduacpart (SJogvisT 1962a) hasaloweractiaty
than the rest The prevertebral ganglia show considerably lower activity than
any of the chamn ganglia It 15 also obvious from Table I that the lumbosacral
segments analyzed have AcChE actvities of the same order of magmitude as
the corresponding gangha dissected free

Denercated gan ha

Preganghonic denenation results in a loss of AcChE from the dense network
of preganghiomc fibres whereas the actmvaty of the cell bodies 15 left mtact
(Fig 3) Some cell bodies arc outstanding by showing heavy staimng mtensity
They are especially frequent 1n the 7th lumbar and Ist sacral gangha (Fig 4)
Statstically these particular gangla also retain sigmificantly higher AcChE
actvities after denenvation than the other lumbosacral gangha (see also Table
1I) Although the latter ones (L5 L6 $2) have varying number of heavily
stamned cell bodies this difference 1s not refiected biochemucally 1 absolute
values per mg (Frg 4) The remaining AcChE activity in per cent of control
1sabout 50 , 1n L7 and S! butonly 20 1n the supenior cervical ganglon and
Just above that value 1n other lumbar gangha (Fig 5 Table 11) No appreciable
difference 1n AcChE actvity was found bety een the survival tmes of 1 2
and 3 weeks following denervation which is1n accordance with results obtained
by Couteaux and Nachmansohn (1940)

Discussion

When studymng the distnibution of enzymes by biochemical analysis of
nervous tissue homogenates 1t 15 almost impossible to prcdnct anything about
therr cellular local Thus the deter of chol Jase v tuch

11y 15 better lated to chol than AcChE (Hese
1961) 1s hampered by the lack of a histochemical control method On the
other hand the hsstochemical demonstration of AcChE  as 13 apparent some
tumes 1 recent hterature has developed into a purely descriptne histological
method vathout any biochemucal controls The evaluation of the results
obtained with the thiocholine method 15 based on the esnmation of the relatine
starung ntensity of different tissues

The purpose of the present mvestigation has been to determine whether
the proportion of heavily stamned ganglion cells m certam sympathetic gangha
really possesses a sigmificantly hugher AcChE acuvity than the rest of thc
cell population This scemed ble since thc h
cells have been d d almost 1

ly in the sweat secretory
ganglia (SjoQuist 1962 a b) + here cholinergie (DaLe and Ferpsere 1934)
post ganghonic fibres arise to inneniate the ecenne sweat glands of the cats
paws (Lanciey 1891)
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The biochermical control of the histochemical results 1s performed preferably
on preganghomcally denenvated gangha since the AcChE actissty of the
heawly stamed cell bodies 15 Jocated postsynaptically When comp the
absolute AcChL actwanes of the denervated ganglia L5 52 differences 1n the
density of ganghon cells may am ahdate the companson (Fig 4) Thus 1 hos
ever not the case when the AcChL activities are expressed m per cent of total
actity (Fig 5) The small differences an AcChE actuity obtatned betueer
each | 1 ganglion and as corresponding seg; arc duep }
to the occurrence of ganglion cells along the entire Jength of the trunk

this region

The tingraphic determination of ChE (Larssov and Hansew 1956 Jenses
Horas ¢2 of 1939) as outlined by the authors under Matenal and Methods
proved to be a sensittne and accurate means of determinmg ChE sa ssilated
gangha weighing even less than 05 mg The sensiivaty also allowed deter
mmations of ChE 1n small interganghome sepments and dencrvated gangha
Earher biochermeal determinations of ChEL m sympathetic gangha have
dealt wath few excepuons (HowssTenr and Sjouist 1959 Mcelsaac and
Koeie 1959) almost exclusely with the superor cervical ganghon (Cou
TrAUX and Nacnsansonn 1940 Sawier and Houvsrwnzan 1945 hogve
and KorLre 1961)

Thus study of ganghonic AcChE is the first one to nclude all sympathene
gangha The total enzyme actvity pre and postsynaptic was found to be
Iughest m the supenor cervical the naon cardrac  part of the steliate the 7th
tlumbar and Ist sacra) gangha Only the last three ones contain heavily stasned

cells 10 app bl 1 d that no evident comre

" laton exsts hetween the total AcChE activaty of a ganghon and ws content
of heavily staned neurons Osn the other hand the prevertebral gangha
lacking such neurons showed low acttwity comparable to that of the nodose
ganglion considered to be predimmandy sensary (HiLLare 1960)

After preganghonic denervation AcChL disapr from the preg
termmnals as shown both h h Hy and bioch lly (CouteAuU® and
NACHMANSORN 1940 SawyeR and Hotuwsneap 3915 horiie 193] homus
and Kokwre 1939 Frepmicsson and Sjogvisy 1962) The remmning activity
15 confined to AcCHE n cell bodics and pastganglionse fibres (see Fig 3’]
Fiy 4 and 5 show that the AcChE acuwty of the denenated lumbasadad
gangha 15 approximately proportional to thewr number of heavily ’mg;n
ganghon ceils Whereas L7 and 5} have about 50 9 of the total Ac e
located p f the corresponding figuee for the superior /CC{?: "
ganglion 15 80 °, (Table II) winch 5 in agreement with the 83 /ad §PM
found by Sawver and Horimsuzap (1945) Thus the ganghon:"umquc
préference  for brock land ph Jogical exg ts 13 rather e
by having 3 very hugh proportian of s tatal AcChE focated at the plm,inc -
site This may be explained by us very dense network of pregangho!
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mmnations (Frebricsson and Sjoguist 1962) The concept of < here no
preganghonic fibres no AcChE  (Sawver and Horimsueap 1945) s no
longer tenable

It 1s apparent that sympathetic gangha may be more or less  chobinergic
postsynaptically tn the sensc that they contam different numbers of heavily
stamed eells The cells in question must be particularly AcChE-nch  since
the gangha contaimng them in large numbers (L7 and 51) retan signuficantly
higher actiaties after demervation Hovever gangha having fewer but
varymg numbers of such cells (L5 L6 S2) all have the same activity as deter
mmned biochemically This may reflect the superionty of the histochermical
techmque The background acuvity ob d bioch iy may be due
partly to the of mtermediately stained lion cells which have
been found 1n all paravertebral gangha (FreDRicsson and Spdguist 1962)
but never constitute more than a few per cent of the total ccll population
(Syogvist 1962 b) They occur with about the same frequency 1n all chan
gangha which may explan why the background actmq 15 of the same order

de 1n all sympath gangha 1 d after denenation except

L7 and 81 (Table IT) A certain amount of the background actnty 15 due
possibly to traces of AcChE which have been demonstrated histochemucally
1n the majority of adrenergic cells as well as 1n sensory neurons (FrREDRICSISON
and Sjovist 1962) Finally some actvity may be due to persisting red #)}
m the tissue This rases a pomt v orthy of comment other authors gy
demonstrated traces of AcChE in most ner\ ous tissue independent of its fur
tional cl t ¢ chol gic sensory etc (kority § ¢
Nacmuavsons 1939) As discussed by FeLoeerc (1957) there are mary 5
sibilites to explain the AcChE actiity of non cholinergic nervous )

-
present authors hov ever do not view such small acu\mes as eysdeses ,
a general chol process at sy nerve 5 -
has been proposed recently by BmL\ and Raxp (1960)

As 1o the function of cytoplasmic cholimesterase many theors ..
duiscussed before (hoecie 1962) Independently of the quests s . .
cellular enzyme 1s transported to the nerve-endings or not (hotws .,
1961} 1t has been demonstrated that AcChE activities of thr ~+. _,
of the neuron (1 ¢ the cell body the axon and the termins, e,

organ) comeide in a striking way (hOELLE 1925 Gracown , o~

1958 Gracorrnt 1939 Frepricsson and Sjoquist 1962} , .. /— e
that the enzyme of the cell body reflects the periphera! | - -
of the neuron

In summary the results obtamed histochemrcally ¢ P

well wath the quanutatine biochemcal values of AcChF 5 o
Some cells n the sympathetic system are detected ey, ~ 7 T
chemical stumng These cells have been inked 1 5 .=

function 1 ¢ s cat secretion (S;oQVIsT 1962 b) 2 41y, - ==
o er g
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significantly higher AcChE activittes than the rest of the cells as determined
bioct lly The histoch 1 method therefore may be helpfil 1 sden
tifying cholinergic ganghon cells as defined by Dave (1933) 1 the sympathenc
system of the cat The authors do not draw any conclusions as to the function
of the small traces of AcChE found in the majonty of adrenergic as well as

sensory ganglhion cells

The results of the bioch ! and h I exp are
totally compatible with the classical concept about the sympathetic system
21z that 1t 19 ¢ d of pred ly ad gic cells with a munorty of

cholinergic ones t:ﬂ'uhmngr outstandingly high AcChE actmaty

Th's mvest gat on has been suppo ted by grants from § enska Sall kapet { ¢ Med ¢ nok
Forskning
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Reflex Responses and Recurrent Discharges Evoked by
Stimulation of Laryngeal Nerves
By
A MARTENssON
Tece ed 5 July 1962

Abstract

MARTENSSON A Reflex responses and recursent discha ges evoked b
stumulal on of laryngeal nerres Acta physiol scand 1963 57 248269
Reflex responses in mtnnsic laryngeal muscles to stmulation
of the nternal laryngeal nerve were studied with a view to eluci
dat ng the mechanism of the protectrve reflex closure of the glotts
Ipsilateral sumulation evoked reflex discharges of multiynaptic
character in all four vocal cord adductors studied but never i the
abductor in 1 hich only mhibiion of pre custent actvity was ob-
served  Contralateral simulation evoked simular reciprocal effects
but the discharges in the adductors were smaller and of Jonger Ja
teneres and did not appear n all muscles latent contralateral reflex
connect ons could however be demonstrated 1n all muscles The
reaiprocal tanervauon pattern and the difference in transmutter
potentiality of different reflex connections are d scussed 2/ Proprio-
cepttve mechanisms in the laryngeal musculature were snvestigated
Sumulation of mdividual muscle nerves evoked i nerve and muscle
1n addition to the direct response a sccondary response amounting
to a few per cent of the primary response By performing an analys) an
analogy with previous work on the spinal cord 1t was conclud d that
the darv response rep da disch from tte
motoneurons whereas no rexponse exhib ung th  properties of a
monosynaptic reflex was obserned Attempus to record aflerent am
pulses from muscle sp ndles gave negatine csults The nd rgs are
discussed in relation to earlier results from morphologreat and phyyo-
lomeal studies of proprioceptive systems in the larynx
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According to Negus (1949) the pnmary funcuon of the larynx from a
phylogemc pont of view 15 to act as a sphincter system protecting the lower
airways from an intrusion of foreign bodtes In igher species where the
sound prod 1s the most P larynx function a protective mecha
rusm still ewsts 1n the form of a eflex closure of the glotus elicited by mechanical
samulation of the laryngeal mucosa Studies of this protectine reflex have so
far chiefly been Limted to observations of the vocal cord movements ehatable
by ads or artificial 1 (BuaTzEnsTEIN 1908 Munovich 1926}
Only few attempts have becn made to exammne how the mdiwvidual laryngeal
muscles are engaged 1 the glottic closure reflex and to find out what types of
reflex mechamsms are mvolved (Yasasnrra and Urase 1929 1960 cf ako
Doty and Boswa 1956}

The fact that the intrinsic laryngeal muscles are capable of the precise co-
ordination necessary for the production of sound has drawn a great deal of
attention to the problem « hether a proprioceptive feed back ewusts m this
system The controversial views put forward m this question have mainly
been founded on histological studies concerming the presence of sensory endings
mn the muscles While several authors have asserted that no musele spindles
occur 1n the laryngeal muscles of man and of different ammal species (SHERRING-
Tov 1897 Ciinmpamss 1910 NMusowiext 1956) such cndings have actually
been deseribed 1n Jater years as existing m varying numbers (¢ g GOERTTLER
1950 PAuLsEN 1908 BowpEM etal 1960 Lucas heewe 1961)

So far only few physiological investigations have been made to try to find
out whether there 15 a proprioceptnne system 1n the laryngeal muscles (cf
Brancont and Motmvart 1960 1961} Attempts to record afferent ampulses
from separate muscle nerves seem to hate been made only on the encothyroid
and the results obtamed have been negative both in the rat (Axprew 1956)
and the dog (PAULSEN 1958) Intherat Asbrew (1954) has however recorded
affcrent mpulses from P 1 the thyroepigl Jomnt whose 4

: aned 1 1th of the joint and ths receptor system 1 as
assumed to be engaged in the reflex control of muscles acting on the jomt
question

Only one neurophysiological + otk seems to have been published with the
primary amm to demonstrate proprioceptiie reflexes in the larynx mz by
Esstex and Scrrosswaver (1960) In conrect on with total extirpation of the
larynx 1n human cancer cases these authors have excited the mtact laryngeal
nerves and recorded direct and centrally relayed responses from the different
muscles  the latter responses were interpreted as being monosynaptic reflexes
No ammal expeniments seem to have been made to establish v hether pro-
prioceptive reflexes can be ehated n the mtnnne laryngeal muscles

In this paper the first section v 1l give an account of mvestigations designed
to study the mechanism of the glottic closure reflex 1n the dog ey oked by elee
trical stumulation of the nternal laryngeal rerve it wall be shown that the
17633015 Actaghy [ and V157
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glottic closure 1s produced by activation of the vocal cord adductors and in

hibition of the abductor via polysynaptic reflex ares The second part of this
work 1s concerned with the question whether there 1s a propriocepine system
in the intrinsic laryngeal muscles as will be shown responses of central ongin
were obtamned on stimulauon of the separate muscle branches A closr
analysis revealed however that these responses do not show the charactens-
tics of monosynaptic reflexes but should be interpreted as recurrent discharges
from the motoneurons Nor could any evidence for a proprioceptive system in
the intnnsic Jaryngeal muscles be obtatned from attempts to record afferent
inpulses from the single muscle nerves

Methods

Some 50 dogs weighng 5—8 kg were used 1n these cxpenments Anesthesia was 1o
duced by nembutal 40 mg per kg bodyweight given Iy or i
and mantamed by repeated 1 v of butal or 1
e exp were H, rfc d only on the Ieft side of the larynx
which was exposed as follows A ventral midlme mcuston between the sternal and
hyod bones was extended from ats upper end to the left jaw angle and the cramal part
of the 1ps Iateral sternohy ord musele was excised A tracheal cannula was sserted and
the sub: operatne procedure was partly performed with the aid of a Jow power
b k The hyrord muscle was detached fram its attachment 10
the thyroid cartilage and the penpheral part of th n rve to the cricothyrord muscle
was dissecied £ ee down 10 sts po nt of entry nto the muscle The internal branch of
the supenor laryngeal nenve 1. the internal laryngeal nene was dussected free 18
sts extralaryngeal portion The thyrohyoid muscle and the pharyngeal constrictors were
cut at their attachments to the laryngeal eartilages and the major part of the lh)W":
larmna was retracted 5o s to expose the ntralaryngeal portion of the ternal f2ryngea
nerve Alter subjecting the cricothyroid to an experymental apalysis the muscle was
divided and 1ts cramal pa t retracted together with the rest of the thyrod lamuna close
to the nudline thus exposing the other mtrinsic laryngeal muscles with lhexrdxff:fm;
nerve branches from the lateral side These branches — all derwving from the Jarynged
branch of the recurrent nerve ~— were fnally dissected free as was also the anasto-
mosing branch connecting the nternal and the recurrent laryngeal nenve bar
In exploratory expeniments the different muscles 1 eve frst identified and r:i el
1nnervation studred by separate sumulation of the vanous nerve branches and rr:z; th»
from the muscles The follovang muscles were imvest gated a1z the encothysol 1'71‘
thyvroarytenoid  the nterarytenoid and the lateral and posterior mca:m’""f{m‘;
thyroarytenord as well as the interarytenoid muscles m man are generally descr] pii
betng composed of two parts and this may of cousse also 2pph to the dog how
in this mestigation no attempt has been made to study them scparately Send
In one series of expeniments the sumulating electrodes were placed on the cenxrrd o
of thecutpss or contralateral internal laryngeal nerves In some preparations rm’mmu
of the reflex effects v ere made from muscle nerves but 1o most of the rx]pf:“h ir
the reflex responses were secorded from the muscles This may of course smply hoh
Jarly from muscles yreidmg b
of prcking up acti 1ty from nearby muscles parucularly gt
litude reflex resp but f y selcct vaty could be ensured by 3PP
denenation of the muscles As a rule th muscles were studsed 1 the Iol)o:v;i‘d i
the encothyreid the thyroaryteno d the lat ral encoarytenoid the m::;m:d s
fipally the posterior cncoarytenoid muscle A ventriculans was pot de:
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Nod wm ganglion O}

Fgl Schmatcd gamofper ph
cralpathw ysn 1 d nth 1 ryn
g lreflc es

1ke the inte aryteno d 1nnervated by a nerve branch runnng belov the posterior
cr coaryteno d and a sclect ve denervation of the muscle was constdered to be technscally
complicated and to involve n ks of circul tory disturbances In all muscles except the
nteraryteno d th electrodes were inserted from the later 1s1ide To the interaryteno d
access was ganed by dissect ng f ee the larynx from the pharynx and f om the hyo d
‘bone and then lifting up the organ at the cran al end
In a second ser es of expeniments pnimary and second ry respon es to the ind v du 1
Iaryngeal muscles were el ited by sumul t on of the correspond ngmu len rv branct
es The interarytenoid was not included in these expenments sn t was cons dere 1
dffcult to a u ate this mus 1 selectively in vev of ts nnervaton (of abo ) Asa
rule reco d ngsy eremad { om the muscles and only nafev expe ments { om muscle
nerves In connection w th these cxpeniments attempts we ¢ also made to record T rent
mpulses fr m the thyroarytenod and cncothyro d muscles 1n response to muscle
tretch for this purpose the pe pheral end of the cut muscle nerve was spl tup nto
flam ntswh hwer pl edon the record ng clectrodes
Squate wave stumult of 0 1 ms ¢ duraton and of arv ng fie juency were used for
the stmulaton of duffer nt n v branches The r flex act ty n the muscles was
recorded by m ans of two steel needles insulated except for the t p B polar s lver v ire.
electrodes w re used fo record ng f om muscle nerves The recording electrodes were

connected to a Tektron ¢ 5 0 osc lloscope and a loud peaker + 2 a cathode fallow er and
an ampl fier (Grass P 6)

Results
1 Reflexes elicited by stimulation of the snternal larsn cal nerve

The expeniments to be desenibed 1n this section were performed on some
 enty five dogs and comprised studies of reflex responses obtamed fror
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Fg 2 Ipsilateral reflex _csporses to single shock st mulation of ntcrnal laryngeal nerve recorded
10 A4 the nenve to the thyroaryteno d muscle B the thyroaryteno d muscl € the cricotbyro d
muscle Time bar 10 msec.

varous laryngeal muscles after 1ps: or contralateral sumulation of the central
end of the cut mternal laryngeal nerve (see Fig 1)

Anatomy 1t has long been known that the internal laryngeal nerve contans
afferent fibers from the laryngeal mucosa and 1t has also been shown by
expeniments on dogs that this nerve does not supply the laryngeal museles
(Lemere 1932 Vocer 1932 confirmed in this mvestigation) In the rat
Axprew (1924) has demonstrated the presence of aferent fibers from the
thyroepiglottic Joint 1n one of the nternal laryngeal nerve branches and 1t
scems most Likely that this finding should apply also to the dog These fibers
are however few i number and most of the fibers 1n the wternal laryngeat
nerve extend from the laryngeal mucosa

On touch stsmulation of the laryngeal mucosa the glotus 15 reflexly closed
and the same effect 1s obtained by electrical sttmulation of the nternal laryng:»!l
nene (cf MuvspvicH 1956) The muscles engaged n changing the glotu¢
aperture are the four vocal cord adductors  the thyroarytenaid the lateral
cricoarytenoid  the nterarytenord and the cricothyroid and the vocal cord
abductor  the postertor cnicoarytenoid

All the mntrinsic laryngeal muscles except the cricoth:
the recurrent nerve and the penipheral conducton distance 1s thus com)
tively long measurements on dogs used in the present expenments gaVE
alues of 30—45 cm for the left recurrent nerve As regards the innervation o
the cricothyrowd 1n the dog contradtctory views have been put forward According
to VooeL (1952) this muscle 15 supplied by the external faryngeal "‘";
whereas Lesere (1932) asserted that motor fibers may also reach the muslth <
w1a another vagus branch The penipheral conduction distance s about the
same 1 both cases and considerably shorter than for the other muscles oF
about 8—10 em

Ipalateral reflex responses. Stumulation was as a rule apphed to the unul:" ;’;d
of the internal Laryngeal nerve sectioned at the level ofuts entry nto the 137y

yroad are snnenated by
para
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Fg 3 Ipstateral eflex responsesm
var us ttrms ¢ laryog al ruscles
thmng typrcal differe ces in ampl
tud and latency 4 crmxhym‘t
10 msec latency B thyroaryten d,
16 mscc latency € mt raryten o
21 mseclatency Dsam as € durng
post tetame fa_titaton, 2” msec 1
teoey (sec text) G wn f amplifica

m € 2.5 umes that wd Band
D 'ﬁme bar 10 msee.

mn som: a(pcnmcms stimulation was also applied to the intralaryngeal nenve
the ramus

obtamed 1 all cases

A typrcal apsilateral reflex response recorded from the nene to the thyro-
arytenoid muscle 1s illustrated 1n Fig 2 1 showmng an asynchronous discharge
of about 7 msec duration of a type stmilar to a polysynaptic reflex response at
the sptnal level The latency 15 #3 msec v hich represents an average value
‘The central reflex tnme can only be roughly calculated since the conduction
ume for the aflerent and efferent imbs of the reflex arc can only be approu
mately assessed 1o this type of experiments From previous recordings of the
afferent volley n the fasaiculus sohtarius (cf Doty and Bosya 1956) the con
doction tume i the afferent kmb of the reflex arc may be esumated at I —1 5
msec and 1n specral experuments In with this the aver
age conduction ume 1n the efferent nerve has been assessed at about 6—7 msec
this would give a total central reflex time of at least 4—5 msec 1 hich supports
the concept of a multisynaptic transnusston No defimte conclusions can
however be drawn about the actual synaptic
have been made from the central nucle:

Stnce the absolute latency 15 thus of less mterest in the present imestigation
and only the relauve values have to be considered the reflex effects can be
recorded from the muscle which 1s more convement since many of the nerve
branches are short and dufficult to dissect free As appears from Fig 2 B the
response recorded by needle electrodes 1n the thyroarytenoid muscle 1s of the
same repetitne type as that obtained 1n the nerve In the responses recorded
from the nenve there v ere usually sp

Sinular reflex responses were

tune until d.

1 ampl and n
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)

Fig 4 Tomeduscha ger n posterior cr coarytean d (upper beam) and ericothyrod flower bram)
varying eycl eally with zespt at on Begunn ng of expiratory phase at base hne deviat 5 1o upper
tracing Time bar 400 maee

the muscle response this 15 reflected by vanations 10 its configuration The
somewhat longer latency of the muscle response 15 typical owmng fo vanations

m the lar and 1n the <4 along the musce
fibers there are greater fluctuations m latency as well as 1n the duration of the
Tesponses

In all the wntriosic laryngeal muscles with adductor function reflex responses
of fundamentally the same type as those obtamed from the thyroasytenod
could be recorded Fig 2 € shows a resp ded m the hyroid The
latency 13 strikingly shorter than 1in B due to the difference sn. conduction Bme
in the efferent nerves (cf Fig 1) In many expeniments reflex responses were
less readily obtamed from this muscle than from the thyroarytenosd and ths
Awas the case also when recarding from the other adductors the Jueral once-

~arytenoid and the mterarytenoid muscles In the two latter the reflex responsed
generally had a shorter d and lower amphtude than those obtained
from the thyroarytenoid Fig 31l the diff 1 amphtude between
typscal reflex responses recorded in the cncothyrond { 1) the thyroarytenoud
{B) and the interarytenord muscles {€) The smaller response tn €15 of a mgnt
ficantly longer latency than thatn B althaugh the penpheral cond ume
raay be assumed to be about the same for these two muscles which are bothnnes
vated by the recurrent laryngeal nerve (cf Fig 1) Thisalsoapphesto thelow
amphtude response 1 the lateral cricoarytenowd The longer latency obsene
for these two muscles does however not scem to represent any definutely longer
central reflex ume swce the latency may be shortened uader certain conditions
of faal nmnduced ¢ g by 1 1pst and £ Cﬂ““"‘“l‘“m&
As appears from the lower tracing i Fig 4 tomc discharges 1arying “"Ch
respiration may be present w the enicothyroid Ha refley 1s chonted \d:{lk ﬂ:hc
activity 1s going on the reflex response 13 followed by a silent penod 3t

background discharge (Fig 54) As a rule thu period 1asted bout 30 :;;';
but tn some mstances it had a duration of 80 msec In cases of low ccc e

il
exctability or reduced sumulus strength a sumlar cessation of the ton
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Fg 6 Iohibt n fpr -exi tent tonic ac i il II l
tvty . post cnicoaryten d musel i1

v ked by tmulat nof psl ter linternal

Iryngainery Nt dff nce ndra

tn of mhbtory £ ¢t when hated by

SR MM

and B lessintens b ckground 4ty and
when 1 ted by & weak, and D soug

tvaty 1n the cricothyroid may occur even when no preceding reflex discharges
have been discermble mn the pre-exastent acuwty (Fig 5 B)

In the other adductors such as the thyroarytenoid and the lateral cricoaryte
noid muscles no spontaneous tonic actaty 1s present dunng normal respiration
but a background discharge can be set up by repettive sumulation of the
1nternal laryngeal nerve Also 1n these muscles the tomie activaty thus evoked
may be inhibited after each reflex discharge

On sumulation of the mternal laryngeal nerve no reflex discharges simular
to those recorded in the adductors were elicited 1n the vocal cord abductor
the postenior cricoarytenoid However 1n this muscle a spontaneous activity
may also be present which — like that in the encothyroid — increases cycheally
with mspiraton (Fig 4 upper traang) and this actiaty 1s inhubited by afferent
stimulation The inhibition which may last up to 90 msec, may vary m duration
not only vath the shmulus strength but also 1 th the level of the spontaneous
actnaty In Fig 6 are shown such reflex mhibitions evoked 1nrecords £and B
at constant stimulus strength and different amplitudes of the background
discharges and n records Cand D atvarying stmulus strengths and 2 constant

tonic activity
In the hterature on reflex activaty 1t has often been asserted that the natural
asynchronous inflow into the central nervous system should be more truly

P Y rep ) than by single stmub  As

Fg 5 1 slent perod f lowisg &
flex discharge mer othyrodmu 1
o kdby tmulation of psiateral
larynge Inerv B same phenom
n nw thoutdistnctp ¢ ding reflex
disch g Three  supernmposed
sweep  ch Yecod Stmulus
freq ency 10{  Stmulusare f 1s
downward m thes ccod Tm
bar 10 msec

mten ty N 1 abscace of flex discharg
g;m barmAdand B40ms m Cand D
mse
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Fig 7 Faclitau n of ips lateral reflex
esponse mn the interaryteno d muscle
frequent sumulation (at 10/sec) Four up-
per tr cngs contumous  eccord g from
onset of stimulat on (note small artefacts)
aperod of 3 ce cut out before lowest rc
cord See text Time bar 100 msec

already described, single sttmuli gave nise only to feeble reflex responscs (hg
3 C) or 1n some instances to none at all in the lateral cricoarytenord and the
nterarytenowd muscles In order to test whether repetitive stimulation would
favor the reflex responses 1n these muscles 5 experiments were pcrformed mn
which stimuh of a frequency of 10 imp/sec were apphed to the snternal laryngeal
nerve A typical experiment of this kind 1s illustrated mn Fig 7 showing 2
recording — on continuously mosing film — of the responscs 1n the inter
arytenoid to such repetitive simulation in this case no reflex discharge appeared
until after the ninth sumulus As the number of sumuli increased the responses
occurred more regularly therr amplitude mcreased and at the same {me the
latency was shortened

Even affer such a pertod of repetinve sumulation the
reflex responses to a single sumulation of the internal laryng:
increased Fig 3 D shows a reflex responsc obtauned from the interarytenoid
muscle 1n the course of such a post tetamc facilitation For comparson 3¢¢
the weaker reflex response 1 Fig 3 € which was evoked before the faciitation
the site of the recording clectrodes 1s the same m both cases The response 11 the
interarytenod 1s now of about the same amplitude as the pretetanic ral"’“l’f’
1n the cnicothyroid (4) and the thyroarytenowd (B) muscles (recorded at ¢
same amphfication)

amplitude of the
eal merie vas
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Contralateral reflex responses In a senes of five expeniments applying afferent
stimulation to the contralateral internal laryngeal nemve the reflex responses
mn the adductors proved to be far less readily evoked than by ipsilateral smula
uon In the cricothyroid for mnstance the reflex discharge v as very mnconstant
and when evoked (Fig 8 B) was of shorter duranon and semey hat longer
latency than the spsilateral response (4} Although not shown by this example
the litude of the 1 Uy evoked was usually lover A
silent peniod m the toric activity  similar to that shown in Fig 5B could
however be observed 1n most expeniments Also 1n the thyroarytenoid the
crossed responses did not appear regularly and when present (Fig 8 D) were
of longer latency and lower amphitude than those ebicated from the ipsilateral
sde (C) No crossed reflex were ob

i by single

stumuhiin the fateral cricoarytenoid nor 1n the mnterarytenoid muscles but they
could sometimes be evoked on repent, Ewvidence of 1 1
synaptic connections to motoneurons of these muscles was also obtamed by
the fact that bilateral simultancous strmulation may elicit a feeble reflex respanse
although either 1psi or contralateral sumulation alone had no effect




228 A MARTENSSON

Fig 10 Responses to sumul 1 on of intact
nenve branch to 4 thyroarytenod B en
cothyro d muscle Sec text Time m 410
msec n B 4 msee

The resp to cc 1 1 sumul elicited 1n the abductor muscle
Wwas an inhubition of the spontaneous actiaty which — contrary to the adductor
Tesponses — was equally pronounced as that to psilateral stimulation Fig §
showing an expeniment with simultaneous recording from the thyroarytenod
and the postenor cricoarytenord muscles may serve as an illustration of the
differences 1 efficiency of the contralateral reflex transmission to the abductor
and the adductors respectively In this case the stimulus strength has been
adapted so that the 1psilateral (4) and the crossed (B) reflex inhibition of the
abductor at a constant level of the pre existent tomc activity are of about the
same duration (upper beam) There 15 an obvious difference 1n amphtude
between the 1psilateral and the crossed adductor responses at these stumulus
strengths (lower beam)

2 Sumulation of the indiordual nerve branches to the minasic laryngeal muscles

In a series of experiments on some twenty dogs the individual nerve branches
to the different intrinsic laryngeal muscles were stumulated 1n order to study
Wwhether proprioceptive reflexes could be obtamned Most expenments Were
performed on the thyroarytenod and encothyroid muscles whose nerve
‘branches could most readily be d d free for appl of the d
a few experiments were also done on the lateral and posterior encoarytenoid
muscles (cf Fig 1)

In some experiments both the fating and r
Pplaced at the central end of the cut muscle nerve but as a rule the stimulating
clectrodes were applied ta an 1ntact muscle nerve and the recording electrodes
placed in the muscle The results obtamed in this latter type of expeniments
wall first be described

A typical recording from the thyroarytenoid 1n response to supramaumal
single shock stimulation of the intact muscle nerve 13 shown 1n Fig 10 4 Th:
first large muscle response which 1s duc to the efferent nerve volley 13 f"""“;7
by a second resp of derably lower amplitude after an wntersal of
msec Such secondary responses could also be evoked in the lateral and P""c:":
encoarytenord muscles and were then of the same latencies as those r;tofd‘; s[:r

the thyroarytenoid A corresponding recording from the cncothyrord at

g 1 des were
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sweep speed 15 shown in Fig 10 B 1n this case the interval between the two
Tesponses 1s shorter 75 mse¢ which 1s charactenstic of this muscle  An ex
planauon for these differences in latency will be suggested below

In all muscles the dary resp seemed to rep well h d
motor umit disch On rep d of constant sxrcngth {(r g
every two s:conds) the dary resp extubuts pr
bath 1n regard to latency and amplitude Sp fhuy as large as
those shown 1 Tig 1} A—C are Ch of the dary

Tesponse 1s also that 1t drops out on certamn sumuli 1n a senes 1edependently of
the frequency of the simulation a typical record showing this phenomenon
at a frequency of 20/sec 1s shown m Fig 11 D Such a drop-out of the responses
can also be scen 1n Fig 11 E 1llustrating sccondary discharges ehated at a
frequency of 100/sec and recorded \{ ly from two d sites 1

the muscle The figure also shov s that the amplitude of the dary resp

varied 1n different parts of the muscle Under expenmental conditions favonng
the appearance of secondary discharges the average amphtude (calculated on
about 100 successive responses) amounted to about 5 per cent of that of the
primary responses judging from from three on the
thyroarytenond lhc lalml ericoarytenoid and the encothyrord muscles In
some only apy d 1 the shape of small

Y
notches on the base hne (Fig 11 E upper beam) correspond:ng to only about
one or two per cent of the primary response
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Fig 12 4 muscle esponsesto t mu
aton of mtact nerve branch t
o cothyrodd mucl R same prep
araton fier cutt g of the nerve
clos to muscle st mulatmga dre
cording at central end of nerve Su
pe imposed sweep pictures  Tyme
bar 4 msec

A closer analysis has been made of the secondary response 1n order to study
Hs ongm In view of the long interval between the two muscle responses the
secondary response 1s a prion not likely to be a repetitive muscle response to the
efferent nerve volley This alternative could actually be definitely excluded
smce the dary response disappears all her when the nene 15 cut
central to the sumulating electrode It could also be ruled out that the secondary
Tesponses were the result of axon reflexes sinee they dropped out after the vagus
nerve had been crushed central to the nodose ganglion These observations
must instead be considered as evidence indieating a central ongin of the
secondary response which also fits 1n with the observation that the latencies
of these responses were longer 1 the muscles whose penpheral conduetion
distance was longer (ef Fig 1

A centrally relayed response should of course be possible to record also from
the motor nerve As a test the following procedure was applied 1n a smalt
number of experiments After having recorded the secondary response 1n the
muscle the muscle nerve was cut and symul and g cl d
were placed on the central end of the nerve Fig 12 shows the results from such
an experiment on the cricothyrord To the secondary response 1n the muscle
recording (4) corresponds a small but distinct response of corresponding latency
1 the nerve recording (8) Like the muscle response the nen e response vaned
somewhat in latency and amplitude but had a lower average amplitude which
may be explaned by shunt effects mn the recording from intact nerve In view
of the technical difficulties involved 1n a recording from the laryngeal nerves
the mam analysis of the secondary response was performed on the basis of the
muscle recording

When a central ongin of the Yy Tesp 1s thus
alternatives have to be dered 1n view of ding analyses at the
spinal level esther at 1s a monosy naptic reflex response to strimulation of afferent
fibers n the muscle nerve or a recurrent discharge from cells 11 the motor
nucleus in response to the antidromic volley in the motor fibers The responses
1 the laryngeal muscles are however less readtly analyzed than those obtained
at the spnal level since as appears from the introduction no definite data ar;:
at hand about the afferent systems 1n the Jaryngeal muscles and their centra
connections Anyhow by performing an anmalysis m analogy +ith certuse

S

blished two
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Fg 13 Constancy of scco dary resp nsc
wltralen ntnodmusle t A ub-
maximal and B maximal timulus st ength
Tme ba 10 msec

previous investigations of proprioceptive reflexes and recurrent discharges
the spnal cord 1t seerns possible to armive at a conclusion about the nature of the
secondary responses

One ay to approach this problem 1s to study the vanations of the amplitude
of the dary resp at diff timulus strengths In experiments of
this type the spontancous variations 1n amphtude of these responses must of
course be taken 1nto consideration On the basis of a great number of expent
ments the following data were established The primary response always ap-
peared at lower stmulus strength than the secondary independently of
whether the cathode of the simulating electrode was placed next to the muscle
or not If the shmulus strength was further increased when both responses had
been obtamed the ncrease of the d Was app: 1y pro-
portional to that of the pnimary response Dewiations 1n either direction from
this properuonality have been observed but as shown mn Fig 13 equally
strong responses could always be elicited at submaximal (4) as at maximal
{B) stmulus strength

Judging from these data and from observations by MAaGLADERY ¢fal as per

below  the sccondary response should not be a monosynaptic reflex response
In human using fuand: 11

the same experimental arrange
ment as 1n this work MAGLADERY etal (1951} found that the ampltude of
reflex at first d with

P rnsmg strength
but v as reduced when the lus strength hed Ivalues which
was mterpreted as an inhsbitory effect of the antidrome volley (ef Brooxs et al

1950) Instead the dary Tesp seem to ble the dis-

charges desenbed by Rexsuaw (1941) 1n expenmments on the cats veatral
roots He observed that the size of such efferent discharges was roughly pro-
poruonal to the size of the antidromic volley

The secondary responses were also studied while the expenmental antmals
Were put under a progressine depth of anesthesia by means of intravenous

W of d doses of bart In these exp mnfusion of
thiogenal up to the stage of arrested respiration and abohshed pateliar reflexes
was found not to cause any reduction of the secondary response. In some
mstances changes werc ded 1n the spike 1 hich seemed to be
a durect result of the admunistration of harbiturates
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Recordin, of afferent muscle discharges According to available data in the litera
ture monosynaptic reflex responses may occasionally be more sensitne to
narcosis than are multisynaptic responses (Broows and howzost 1953) It
could thus not be excluded that ynaptic reflex to the farvngeal
muscles are present although depressed and thus masked while multsynapuc
reflex responses could readily be evoked In order to elucidate the question
whether proprioceptive reflexes can be evoked from the laryngeal muscles it
was considered to be of interest to study the presence of afferent systems mn the
muscle In a special series of expertments on eleven dogs attempts were there
fore made to record afferent 1mpulses from the separate muscle nerves tn bole
and after sphtting thern As a comparison the sternohyoid muscle was tested as
to the presence of stretch receptors at the beginming of each expeniment It
proved to be comparatively easy to record afferent activity from this muscle
and these preliminary expeniments could thus serve as a control of the recording
technique It could also be established that the afferent discharges denved from
muscle spindles For this purpose the nerve was dnided mto two parts and one
of them stmulated the discharges then ceased as long as the muscle was
contracted

Mo afferent discharges were however obtained when the cricothyrosd or the
thyroarytenoid muscles were subjected to stretch induced esther by dislocation
of the cartilages on which the muscles have therr attachments or by stimulation
of an antagonsst thus trying to mmtate physiological stretch

At the present stage of the investigation 1t 15 thus not possible to demonstrate
that the antrnsic laryngeal muscles in the dog contan any muscle spindles

jor anyhow that they are present 1n sufficient numbers to be of sigmficance for
the fi 1 1on These ¢ 1 findings also scem to be con
firmed by prelimunary results obtamned in a recently started seres of hstological
vestigations (MARTENsSON and Wirsen unpublished work)

Data have however been published as to the presence of other end-organs
than muscle spindles which have been terpreted as proprioceptve (¢ &
SuwpER Prassian 1933 Rupores 1961) and which might be thought to be
nnervated by fibers of considerably smaller diameter than afferent fibers from
muscle spindles With the experimental technique used 1n the present svestt
gation 1t 15 quite possible that an afferent system of that type although preseat
may not have been d d (cf D ) Further g are thus
necessary before 1t 15 possible defimtely to solve the problem whether 4 pro
prioceptive system 15 present in the ntunsic laryngeal muscles

Discussion
The funcuon of the vanous laryngeal muscles parucipating the rcﬂcZ;
dosure of the glotus has previously been analyzed in dogs by YAMASIITA ai\c
Unrase (1929 1960) who found that simulation of the nternal laryngeal nert
caused reflex discharges not only in the two adductors studied . the cricos
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thyroid and the Jateral cricoarytenowd but also n the abductor the posterior
ericoarytenotd Howeser 1n the present mvestigation reflex discharges were
never observed 1n the abductor only mbubition of pre existent activity was
recorded concomrtantly with the actnvation of the adductors Nor do Yasa
surTa s and URaBe s sesults fit 1n with the classical concept of the abductor
and the adductors as beng antagomsts and their interpretation of the results
obtamed does not scem convincing Tt 1s of course possible that under certain
experimental conditions the synchronous afferent volleys produced by electrical
stimulation may open up reflex connections normally closed (cf hotyopry
1957) and evoke a reflex response i the abductor but there 15 also the pos
sinlity that the results obtained by YAuastrra and URABE are due to -~
sufficiently selective recording condstions resulung in a pick up of actity from
some nearby muscle

In clectromyographic studies of the acuvity of the intrinsic laryngeal muscles.
1n man FaABORG ANDERSEN {1957) found that an increase of the toruc acuvity
1n the add and an of the abd actnvity occurred with
cough and which dstoa 1 snnervation pattern

In studies of deglutition movements reflexly evoked by repetitive electrical
stimulation of the supenior laryngeal nerve m monkeys cats and dogs Doty
and Bosma (1926) showed that also 1n these species certain laryngeal muscles
are engaged i the swallowing process The repeunve sumulation led to pro
Jonged discharges in the two adductors studied the thyroarytenord and crico
thyroid muscles and besides 1n response to mndnidual stmuli brief reflex
discharges could be recorded which were of the same type as those cbserved m
the present experiments and also showed sunilar facilitation phenomena

In the present study a silent period in the toruc activity was observed
foll g the reflex discharges in the add (cf also Doty and Bosya
1926) In the cricothyroid cessation of pre exastent activity was sometimes.
observed even without any more distinct previous reflex discharge an effect
which resembles that recorded 1n the posterior cnicoarytenoid Whether dif
ferent central mechamsms are behund the inhibitory phenomena in the two
muscles can only be decided by means of recording from the central nervous
system but 1t mught be worthwhile to discuss different alternanves The
reciprocal inhubition i the posterior cricoarytenord 15 most likely due to 2
synapticinhibitory process imuated concomtantly with the adductor activation
sn analogy with the mech for 1 1 the sprnal cord The
sifent pertod obsenved in the cncﬂlhymxd and other adductors may also be due
to a simlar synaptic mhibutory process but another obvious alternause 18 a
postexcitatory subnormality exther in the motoneurons proper or in an iater
neuron cham

The repcuts ¢ discharge type of the laryngeal reflex responses supports the
concept that these reflexes are multisynapuc hkc other protective reflexes for
instance \ ard ff reflexes on

this viev s also sup-
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ported by approumate caleulations of the central reflex time The exact
nature of the adductor reflexcs can however only be determmned by further

T 1on with 1 el 1

Of the reflex responses obtamed on single shock stimulation of the adductors
those recordedn the lateral cricoarytenoid and the nterarytenoid muscles are
generally of loweramphtude than those in the thyroarytenowd and the crico-
thyrord This may be due to physiologteal differences in the transmitter potentt
ality of the reflex connections However the concept of a hmited reflex trans
mussion to the lateral and interarytenoid museles under normal physilogical
conditions seems mnconststent with the fact that repetitne stunulation may
result 1n a facihitation of the low amplitude responses in these muscles Besides
1t would no doubt be madequate 1f the Jevel of reflex activation should be
considerably lower in the interarytenoid than in the thyroarytenoid muscle,
since the glottic closure would then be meffective the postertor part of the
glotts being normally closed by the interarytenord muscles drawing the
arytenoid cartilages close to each other

1t 15 therefore possible that the differences in amplitude of the varous
apstlateral reflexes are due to the special experimental conditions, and this may
apply also to the differences observed between contra and ipsilateral reflex
t The low amplitude resp were generally of longer latencies
and 1t has previously been shown that reflexes of a longer central delay are
more readily mhubited by barbiturates than those of shorter delay (PeTERSEY
1952) 1t can thus not be entrely excluded that the differences in reflex trans
musston effectnveness may be due to a selectuve sensttivity to the narcosss

It scems justified to presume that under natural physiological conditions the
crossed reflex to the add 15 more efTe than st has proved
to be 1n experiments using single shock On patural ! of
nerve endings 1n the mucosa there 1s an afferent inflow of repetitive mmpulses
and n the present expersments repetitive volleys have been shown to facilitate
both contra and 1psil I reflex resp A bilateral add of the vocal
cords 1 response to stumulation of any side of the laryngeal mucosz also scems
to represent the most appropriate reflex system for the adequate protecion of
the respiratory tract

Also from a chinical point of view studies of the reflex effects of the laryngeal
mucosa afferents may be of some interest Thus for mstance the Jaryngospssm
provoked by a foreign body 1n the glottic aperture or by ether narcosis may
due to an ncreased impulse flow in the mucosa afferents 1nduced by the &
atatory effect on the mucosa and resulting 1 an abnormally strong adductor
tonus This may also account for the chmical expenence that the hryﬂgO!P“’l:"
under narcosis may be prevented by surface anesthesia of the mucosa sinct ¥

15 procedure the afferent impulse flow 13 reduced
(hlnpaucmpu to record afferent impulses from the mtnnsic hryngﬂ:nm“’lcl]z
no results have been ob d sug g the | of muscle spindles
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howerver impossible to say whether a proprioccptive system 1s entirely absent
since 1n histological studies of these muscles particularly 1n homo other types
of receptors have been deseribed to which proprioceptive functions have been
attnbuted (¢ ¢ Suwper Prassyan 1933 Ruporen 1961) and such receptors
may be present also 1n the dog For various reasons 1t 1s possible that impulses
from such receptors may not be revealed by the recording and stmulating
technique used m this mvestigation 1n the first place muscle stretch may
perhaps not be the adequate stmulus type and besides these receptors may
be mnervated by small nerve filaments which are easily myured In cat ex
peniments  Biancont and Mounaw (1960 1961) have recorded afferent
actlv:ty m the recurrent laryngeal nerve which has been interpreted as pro-
Jses from dafic laryngeal muscles but 1t 1s hardly possible

om
to dra\\ d:ﬁmtc conclusions from results obtained 1n the way descnbed 1n therr
preliminary reports 1z by recording from the whole recurrent nerve

At the present stage 1t 15 thus not possible to establish whether the laryngeal
‘muscle nerves m the dog are composed of pure motor fibers or if they cont:un
also propnoceptive fibers In the P of the
of the muscle nerves a central

to

between an d and 2 pos

sible proprioceptine volley has to be taken into account the nature of the
secondary responses 1s thus 2 very intricate problem Some aspects will however

be discussed below 1n an attempt to elucidate the question by pomnting out the
differences and similanties exisung between the secondary rcsponscs on the one

hand and the reflex resp and the on
the other hand
It 15 known that ptic reflex resp cliasted by )2 of
muscle nerves are reduced in htude as the sumulus strength h
maxnmal values (Macrapery et al 1951) this 15 a consequence of an 1ncreasing
hat of the {BROOKs ezal 1950) In the prcscnt
experiments however the amphtude of the y

faurly proportionally to the increase of the strmulus strength Thcy resembled
in this respect recurrent discharges recorded from the cats ventral roots
{Re~staw 1941) Further ch nistics of the dary resp vall be
described below  huch favor the view that these responses correspond to this
type of efferent discharges

Recurrent h have ly been

ded from the cats spinal
roots where they amounted to 2—3 per cent of the antdromically activated
fibers (REn 1AW 1941) and the secondary responses recorded 1n the laryngeal
muscles were of about the same size It seems as if recurrent discharges at the
spm:d les d show only small vanations 1n amphitude {cf onoxs etal 1930)

Y 1n the present exp

vanauons in amplxtudc and were not regularly obtained on mch stmulation.
However the d d for these ph are different in spinal
ventral roots and n the laryngeal museles According to hypotheses advanced
18633015 A ¢ phynlisc nd ¥ 157
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(Brooxs efal 1950 Eccres 1955) recurrent discharges may be wttated of an
antidromic impulse mvades the soma after a long delay at axon hillock, It has
also been shown that the presence of such a delay is dependent upon the
polanizatron level of the motoneuron (Brocx etal 1953 Coonmes etal 1955)
It mught be suggested that the motoneurons of the laryngeal muscles should
exiubit more pronounced spontancous vamations m excitability Jevel than
the spinal motoneurons because they are engaged m the respiratory actity
(cf AnprEW 1955 GreeN and NEiwL 1955 Faasorc ANpersEx 19.7) If the
concormutant changes 1n polanzation level of the laryngeal motoneurons are
presumed to nfluence the mitiation of recurrent discharges in the same way
as 1n spinal motoneurons 1t 1s evident that the motoneurons of the laryngeal
muscles are more hable to variations in recurrent discharges than are the spinal
The ph has so far maimly been studied by means o
needle electrodes mn the laryngeal muscles which smplies a selected vanety o
motor umts and this may also have contributed to the greater varahbiity
observed 1 the discharges as compared with the responses obtaned on
ventral root recording
It has also been shown that bark cause dep of antid
axon soma transmussion {cf Brooks and Eccres 1947) and these may favor
the cccurrence of a long delay in transmission at the asxon soma Junction and
a recurrent discharge This may explan why 1t has been possible m these
cxpeniments to ehat secondary respanses of the same amphtude i deep as i?
superficial narcosis which would not have been expected 1if the secondary
response had represented a2 monosynaptic reflex response (cf Droows and
Eccres 1947 Perersén 1952) It should also be mentioned n this connection
that Brooks etal (1950) have reported that recurrent discharges in spinzl
nerves occur more readily in 1 d than in d h animals
It 1s Likely that the human phonation mechanism requires a fincr coordina
tion of the ntrinsic laryngeal muscles than 1s necessary 1n other species It
cannot therefore be excluded that the human laryngeal muscles may contain
a well developed propnaceptiie system and a large number of muscle spindles
have also been claimed to exist 1n these muscles (Lucas heene 1961 honie and
Tepen 1961) In human operations Lssies and Scurossuaver (1960) bave
studied the problem experimentally by sumulating the intact nerves 10 the
larynx and recording reflexly evoked responses from different laryngeal ‘“““:‘“
They mterpreted the reflex responses as monosynaptic and asserted that ‘:
proprioceptive impulses travel mamly through the supenor laryngeal n;r:
and only to some munor extent through the recurrent nerve HO\bﬂf;;’ ::IK’S
apphed stimulation to mixed nerves contaiming both imteroceptine & 3«5
and muscle nerves and their interpretation of the responses obtained 15 rmc
fore somewhat uncertain  there 1550 far no experimental support for the post

histolegreal findings
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Summary

The present work 1s the first 1 a senes of mvestigations — n the dog — of
eflex mechamsms mn the larynx The purpose of thuis paper has been (1) to
tudy the reflex responses obtained 1n different laryngeal muscles on sumulation
f the mternal laryngeal nerve with a view to eluadaung the mechamsm of the
»otective reflex closure of the glottis (2) to analyze the responses obtatned on
‘amulation of separate muscle nerves for the purpose of studying whether the
aryngeal musculature contains a proprioceptive system

On single shock sumulation of the ipsilateral internal laryngeal nerve,
reflex dascl ofan 3) ype and of long central delay were observed
m all the adductors studred the discharges have been mterpreted as bemg
multisynaptic reflex responses If a reflex discharge was ehated dunng 2 phase
of pre exstent tomc actvity 1t was followed by a silent period such a peniod
nught also occur without a preceding distinct reflex discharge In the lateral
cricoarytenord and the interarytenoid muscles the responses were less readily
evoked and of lower amplitude than those obtained mn the cricothyroid and
thyroarytenoid muscles

Stumulation of the ipsilateral internal laryngeal nerve did never chet a
reflex disck mn the abd muscle the p cricoarytenod  but
regularly caused inhibition of pre exstent tomc activity i this muscle the
duration of the mhibition vaned with the stimulus strength and with the
ntensity of the pre exastent background activity

On single shock sumulation of the contralateral mternal laryngeal nerve
reflex discharges could be recorded only in the cnicothyrord and the thyro-
arytenoid muscles they were of shorter duration andfor of lower amphtude
and of longer latency than those ob d on 1psik 1 1 Con
clusive proof of latent contralateral reflex comnections to the lateral crico
arytenord and mterarytenoid muscles was however obtamed snce ¢ g
contralateral sumulation could be shown to facihitate ipsilateral reflex re
sponses

Repetitive contralateral — as well as i! — \¢ facil, 1
the reflex resp 1n the add and disch could also be evoked in
muscles not activated by single afferent stmuh  post tetanic facihtation was
also demonstrated

On stmulation of the contralateral imnternal laryngeal nerve no reflex dis
charges were chaited 1n the abductor the posterior cricoarytenoid but only an
mnhibition of the pre exastent tomc actvity which v as equally pronounced as on
1psilateral stunulation

The fi i of the reciprocal innervation pattern for the

dd and the abd thus d disd d

Stumulation of intact muscle nerve branches evoked besides a direct response
from the muscle a secondary response amounting to a few per cent of the
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primary resp The synch dary resp varted b
m amphtude and latency and appeared intermuttently on repettne sumyu
lation In view of the ch e beh of ths resp t ¢ dunng

arations in the sumulus strength and sn the depth of the narcous the secondan
response was interpreted as beng a recurrent discharge from the motoncurons,
whereas no sesponse exhibiting the properties of a monosynapuc reflex was
observed under the prevaiting exp I cond:

In recordings from motor nerve filaments from different satrinsic laryngeal
wuscles subjected to streich no wmpulses from muscle spindles could be 72
corded the presence of muscle afferent systems of other types ¢ g with nene
fibers of fine calibers can however not be excluded

This work has bern supported by grants f om  Reservat onsanslaget  Ka  Tinska wastit tet
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Studies on the Relationslup Between Flow Resistance,
Capillary Filtration Coefficient and Regional Blood
Volume 1n the Iniestme of the Cat
By
Bjorx Forrow OvE Luspcrex and IngeEvar Warrenmy
R ce ved 13 July 1962

Abstract

Forxow B O Luvnorew and I WaLtenmNy Studer on ihe
relat onsh p § tueen flow resistance capillary filf ation cogfficeent and regronal
blood tolume 1n the sntestine of the cat Acta phystol scand 1963 57
2,0-283 — The relation between flon resistance regronal blood
valume and capillary filtration coefficient (CFC) 1n the cats m
testine bas been quanttatively studred at different levels of vasenlar
smooth muscle actvity and compared to the vascular bed of the
skeletal muscles The resistance vessels of booth these vascular circuts
mamtain a considerable basal tone but the ntestine 15 far nicher
vasculanzed vhich 15 obvious f om the fgures given for flow resist
ance regional blood volune and CFC at comparable Jevels of vascular
tone Juding masmal 1 asod, ! CFC 1s both an
absolute and relat e terms ugher than 1a the skeletal muscles a3
reflected by a definstely larger CFC/blood flow ratio over the entire
range of vascular tone CFC thus imncrcases considerably s he?
vascular tope 1s reduced and reaches very hugh fgures at mauimal

asodrlatation Thes 1s thought to reflect an opeming up of addiyonat

pufl; due to of thet pallary sph Reasons
are given for the behef that the glandular mucosal portion s far better
\asculanzed than the smooth muscle portion of the intesunc and
at maxumal vasodidatation CFC of the mucosal portion may be of
the order of | mijmmn Hg/mm/100 g of tissuc Such a (gurc s a fact
comparable to the renal glomerular filtraton when expressed 1 the

same way

For several years the different parallel coupled circuits of the Systemie
vascular bed have been studied from a quantitatne point of view this labo-
ratory Obwviously these crrcusts are designed to sutt the need of xhclrpﬁmc“:::
ussues and can for such reasons be expected to show considerable differen

270



INTESTINAL BLOOD FLOW CFC AND BLOOD VOLUME 271

between their functionally specialized seres-coupled sections with respect to
both dimensional charactensties and smooth muscle control (FoLnow 1929}
To start with, the control of the resistance vessels withmn different tissues as
exeraised by mervous local chemycal and myogenic factors vas imsestigated
{c g Fouxow 1920 1960) More recently these studies amung at more
quantitate mformation of mtegrated vascular control hasve been extended to
anclude akso the other functionally different sections of the indwidual arrcmts
First the vascular arcuts of the skeletal muscle and the skin v ere studied from
such a pomnt of view and a techmque was developed which alloy s 2 continuous
and quantitatve recording of events takng place 1n the different consecutive
vascular sechons under fairly physiological conditions (Forrow 1929 Mer
raxpEr 1960 Forsow etal 1961 Forkow and Oeerc 1961 Copsowp et al
1963
le: present senes of experiments was begun 1o order to explore the intestnal
vascular bed 1n a stmilar way Secretion and absorption — dominant features 1o
1ntestmal function — no doubt require a vascular bed that i several respects
must differ considerably from that of ¢ . the skeletal muscle or the shin
Charactenstics such as the extent of resting blood flow as related to maximal
flow capacity the arrangement of the capillary section and its control via
precapillary sphuncters  the regioral blood volume and 1ts vanations brought
about by changes in the tone of the capaatance section are of interest here 1n
addinon to the orgamzation of the superimposed nervous and local chemical
control mechamsms This first study of the intestinal vascular bed has con
d on an 1! of the rel hip between blood flow regional
blood volume and capillary il (CFC) at duffe Ienels of
vascular smooth muscle tone These general characteristics v ere thought to be
of some 1nterest the more so as the same parameters hase recently been studied
1n some detail with respect to the vessels of the skeletal muscle (MEeLLANDER
1960 Coesorp etal 1963) A bnef survey comparing the abovementioned
charactenstics of the itestinal and muscle vascular circuts has been given by
Cossoip ctal (1962) In subsequent papers factors such as the range of
control exercised by the vasoconstrictor fibres withun the different consecutne
vascular sections will be discus.ed A prehmmary report concerming these
latter aspects has been given by LEwss Forxow and MerLasper (1962)

Method
A Operat e procedure

Experiments were performed on 70 cats weighing 2—3 kg anesthetuzed mtray enotsly
with chloralose (50 mgfkg) and urethane {100 mg/kg) after induction with ether
After ansertion of a tracheal cannula, the abdomen was opened tn the midhne and
the greater omentum and the spleen were extirpated In mamy expetiments 2 total
gastrectomy was performed without dusturb ng the artenal blood supply ta the b e
10 allow free ac ess to the cognate vesscls and nerves of the mtestine and to make room
for an itesunal pletbysmograph A section of the jejunum, usually wearghing about 15 &
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was chosen for the expenment and the remander of the intestinal tract was extiepated
During this procedure great care was taken to leave the cognate vessels and the nerves
1mtact as well as the arcuate anastomos:s between the inferror and the superior meseatenc
arteres as the peripheral end of the divided nfenor mesentenc artery was later used for
close mntrazrterral nfusions or myections mto the wntestunal segment ¢o be studied fo
most of the exp the effects of dilator and on the
wntestine were studied under circumstances in wich reflex ner ous influences on the
intestinal vessels and the ntestinal wall were munmuzed 1 order to reveal the extent
of the Jocally induced vascular eff cts For these expertments the right adrenal glind
v as therefore extirpated and the kft one denervated The superior mesenteric artery
and sem were letely stripped of the ding nerve plexuses
The cat was then hepanmzed and the blood pressure was recorded from the right
fernoral artery by means of a mercury manometer The artenal inflow pressure to the
mtestine could be maintamed at any desired level by adgustment of a screw clamp
placed around the aorta at the level of the diaphragm  The supertor mesentencveut
dramning the intestinal segment and its lymphatic glands was cannulated and connected
to an optical drop recorder unit filled with mert sthicone il through which the drops of
blood fell The drop recorder operated an ordiate writer in which the hesght of the
ordinates was muversely proportional to the rate of flaw The yenous outflow pressure
could be sct at any desiced level by adjusting the height of the tube which drained the
drop recorder The yenous outflow was returned to the arumal via the nght external
sugular ve n The drop recorder wmt and outflow tube system could alse be kept entirely
closed and the venous outflow pressure could then be changed by adjusting a clamp
placed around the tube drammng the drop recorder The exact value of the venows
outflow pressure was always recorded by means of a water manometer coupled fo the
connection bety cen the supenior mesenteric ven and the drop recorder In thus v 23
both the artenal inflow and the yvenous outflow pressures weee und t consta 1t control
) Toallow a continuous and sensitns ¢ record ng of changes m tissuc volume  the intestmal
- scgment was enclosed 1n a lar perspex p The root
with the superior mesentenic artery and th cannulated mesenterte serm came out of the
plethysmograph through a closely niting opening at the prowmal angle This openiig
was sealed with plastbase (Squms) The wide cannula mserted into the mesentenc
vein was always mntroduced far cnough dstally tnto the e so that 1t was well mside
this sealed operung thereby avo d ng collapse of the en by undue lateral pressure
VWith this arrangement the intestine  as enclosed 1in the plethysmograph i 3 perfectly
air and waterught way without interfesence visth erher she artensal mflow or the teaous
outfier and the motibity and colour of the intestine could be d rectly mspected The

plethysmograph was filled with Tvrode s solution at 38 C leavng only a uzx:ﬂ ar
volume n the upper eutlet angle of the pleth h which way ted 1o 3
srnat ve and well tromed volume prstan recarder Th temperature taside the plethys
b was ! d with a th le deviee and the mnlcm;':

1y

the plethysmograph masntained at 38 G with the ard of an nfrared lamp The 1o
ature of the ammal was also marmtai ied constant at 37—38 €+ ith & heaung p i
an snfrared lamp Drying and cooling of the exposed parts of the abdomnal cavity
avoided by a plastic sheet

1o some expersments the animal was artificially venulated at 2 frequency a,ﬂd‘:f;‘l
volume wh ch closch simulated the normal respiratory events i onder to & :;xunng
\nterfenng effects of spontancous changes n resp ration and blood compasition

urse of the expeniment. e

I.bcmmm intraarterial injecuons or nfusions of yaseactne drugs to the intest ne :;1:3::] w
pcrftxmcd by means of a thin polyethylene catheter inserted nto the peripher

4 and
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the 1nfertor mesentencartery which via the preserved arcuate connection made dl{tct
contact with the superior artery As a g d;
wasused Toprod Lvasodit oyl line (Pafadnin  PAF?
AB Hassle) was uthzed as this drug relaxes the intestinal smooth muscles also Inths
way \ith the vasodilator respcnse could be avorded which 1s
hardly possible when d b like Ichob ): etc are used
These vasodilator drugs produce a contract on of the intestinal smooth muscles also
which can markedly obstruct mtestmal fow masking th extent of the concomitanty
nduced vasoditatauon

The blood volume contamned within the acutely denervated mtestinal segment and
1ts mesentenc root m the steady state was n most cases determuned at the end of the
expenment procedures 1 the following way A sample of venous blood was drawn from
the cat while at the same tume the cognate artery and vein to the wtestinal segment were:
clamped just at the ntrance to the plethysmograph The intesunal blood content v as.
then washed out with a kno yn amount of dextrane Tyrode s solution and the hematocrit
andjor haemoglobin content of th s sample as well as of th_venous blood sample 1 ere
d d With the that the of the intestinal blood approa
mately equalled that of the venous blood the blood volume of the intestinal segment.
could be deduced from the extent of dilution caused by the known amount of dextrane
Tyrode s solut on This can be expected to underestimate shghtly the blood volume con

ta ned 1n the intestin  as the hematocnt n the small vessels should be somewhat lower
th nin venous blood

B D termination of cap Uary filtrat on  fficient

After enclosing the mtestin 1n the plethysmograph 1t was always poss ble to adjust
the enous outflow pressure 3o that an isovolum tnc state was attamed implying that
outward and inward filtration at the ¢ pillary level equalled each other This 1sovolu
metnc equbbnum could then be d Lberately d sturbed by increas ng temporanly the
venous outflow pressure to a known extent Thus procedure evoked a cha a tenst ¢

olume mcrease in two phases which showed completely d flerent slope chara terst cs
As carhier demonstrat d (sce ¢ g MeLLANDER 1960) th first ran d change n volume
1s caused by vascular dsstent on ma nly of th thin walled verns + hile the continuous
and slow r increase of the volume curve the filtr ton slope refle ts the outward
filtration  aused by th ra sed cap lary hydr tat¢ p essure

To be able to calculate the cap Hary filt tion coeflictent (CFC) ¢t 15 ne essary to
corr late th rate of outward filtraton with the nduced hange n mean pillary
hydrostat ¢ p essure It annot however smply be asumed that th applied senous
presure  quantt tively t ansmutted n a retrograd fashion to the capillary level The
ext nt to which this m as of venous pressure 15 propagated to the capallary level
depends on th relat on betw en the p e and postcap llary es stance of the vascular
bed Thus relat on between p e and posteapllary csistances could easily ha e been

tculated provided that mean capillary pressure had been exactly known The method
utlized by ParpeNsenER tal ( ce PAppENHED®R 1993) — changing both arte al
and venous pressure to a known ext nt while measunng the effects of these pressure
changes on capillary filt tion exchange — can unfortunately not be used n prepara
tons nwhich the vessels normally exhibit autoregulation  as 1 the case with the ntes
tinal vascular a1 eut Shifts n artenal pressure will then lead to concomutant ad ptive
changes in tone confined lly to the Y vess Is (Forgow and
Osero 1961) thereby changing what was to be measured For such reasons Papp nhe
mers m thod of estunating the mean capdlary p essure can be uccessfully utlized only
under o 1nwh chthe ¥ semains largely uninfluenced by
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<changes 1n artenal pressure and flow Another indirect approach had to be used here.
Intesunal lymph appears to contain as much as hall the protemn amount of the
blood plasma (Swans etal 1961) and therefore 1t can be expected that the collod
osmotic pressure gradicnt across the cap lary walls 1s fairly low 1n this tisue Intestinal
tissue pressure 1s not hnown but for good reasons it can be expected to be wirtually
negl gible under normal ¢ Inthe when fltration cquil b-
Tium 18 present it 1s therefore yust fed to assume that mean capillary pressure 1 fauly
low 1 the intestine and figure of 15 mm Hg has been considered to be reasonable here
“Thus at a mean capillary pressure of 15 mm Hg an artenial pressure of 100 mm Hg
and a venous outflow pressure close to z¢eto some 85 of an applied venous pressure
nise will be transm tied to the cap llary lesel 1 ¢ 425 mm Hg when venous outflow
pressurc 13 rased 5 mm Hg In fact should the mean capillary pressure i reahty be
as hugh as 25 mm Hg or as low as 5 mm Hg — a prion not very likely — the error in
the deduction of the pressure transmitted to the capillary level 13 nevertheless quite
small To exemplify 1n the first instance 1t would be 75 4 of 5 or 3 75 mm Hg and 1n
the latter case 95 of 5 or 4 75 mm Hg stead of the 4 25 mm Hg pressure increase
obtammed if mean capillary pressure 15 15 mm Hg as assumed above The consequent
error 1n the calculation of CFC would for these wide lumuts set for mean €ap Ttary
pressure only besome 10—15  wh ch s of minor smportance for tf e present pmb’llﬂ'L
1t therefore secmed justified to base the calculation of intestinal CFG on a mean cap 13y
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pressare set at 15 gun Hg o the sovolumetr ¢ equibibriuzm By using such appross
mauont CFC of the acutely denmrvated 1nteshine has been calowated m the prewent
experzments and related 10 the prevaiduig blosd fow resstance ang regronal blood
volim  Furthermore desp te wide changes m vascular fone 2t has been shown that
there was velatuely 1 te effece on mean capillaey kydrostane pressuse 2s yudged from
the volume of the ntestnal segmert Therefore + hule the absalut safue for mean
capllary pressure may be n error reoess tating 23 ment oned 2 ymnor carrecton i
resung CFC whatever cap llary pressure 25 chosen the observat ons reBect the true
extent { the change » CFC astocnated wath the oduced changes sn ascalas tone

Hesults
Tig 1 sllustrates the shifts 1 blead flow and ntestnal vohweme  tefiecang
changes m blood content and isone flurd as cansed by a large dose of wntra
aviemally myected noradrenaline At the peak of the noradrenaline effecy {low
resistance ancreased shout 10--20 tunes Corresponding sn ime wath thes
drastic increase of flow resistance hasue volume decreased some 3 per temt and

the miestine was seen to blanch ab ly due to expulaon of a d

fraction of w3 blood content » hen the capantance vessels constcted The
extent of these vascular zesp 18 app ty to the peak
effects obtamed shen alt the sympath fibres 10 the )

blood vessels are stmulated at mawzaal rates (Crraxoer 1933 Forwaw eal
tobe publ} In most of our estimanons of the Blood yofiume sthan the acutely
dencrvated sntestine + hen measured i the isovelumetne steady state values
around 79 m} of bloodf100 g of tssue were ohtaned and the resting blood
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flow was generally around 40—60 mlfrun{100 g n the actual expenment 1t
was somewhat higher When these values for restng blood content are related
to the volume decrease caused by the noradrenaline mjection 1 Fig 11t 1
clear that some 3040 % of the blood content was expelled This volume
decrease reflects a truly actie constriction of the capacitance vesscls and s
only to 2 unor part due to a passie-elastic recorl when the posteapillary
1 pressure 38 d d by the imtense precapiilary resstance increase

Ths 15 clear from the fact that even with tota) occlusion of the superor mesen
tenic artery when the transmuaral pressure of the capacitance vessels must be
even more lowered tssue volume was far less decreased under the present ex
penimental conditions

Fig 2 illustrates the changes of the same p m another
ehcsted by intraartenal mjection of 1sopropy ! noradrenaline (PAF) At a pres-
sure head maintamed around 100 mm Hy blood flow increased from some 50
to about 200 ml/oun/100 g tssue but even so the resistance vessels were not
maximally dilated This 1s clear from the fact that i mest expenments (see
also the diagram 1 Fig 4) sull hugher doses of 1sopropy 1 noradrenalme, or 2
peniad of complete ischaema could tncrease flow to some 230—~275 ml when
the pressure head was mamtained at 100 mm Hg Corresponding to the axumal
ncreases of blood flow tissue volume generally increased maximally some 30
—~—40 . ob y duc 10 a 1 and d of the

™ capacutance vessels i

The potenual range of control of the intesinal vascular bed as nor
mally excreised by the centrally controlled consmctor fibres on the ont
hand and by locally produced vasodilator factors on the other may thus be
very wide Expressed in terms of the ratio of the pressure head 1n mm Hg and
the flow 1 mljnun/100 g of ussue ( peripheral resistance umts  PRU) the flow
resistarce within the cat s intestine was under the prevailing restirg conditions
about 1 525 PRU It could be increased to around 30 PRU at constncio?
responses which correspond m extent to the peak effects produced by maximat
constrctor fibre acusaton It could be reduced to about 04 PRU v hen the
vascular mooth muscles \ cve maxmmally relaxed Resting regonal blood
volume (approvimately 79 m}/160 g) may be expected to be decreased by
some 30—40 ° at intense sympatheuc discharge and increased to about the
same extent by local vasodilator factors

Fig 3 tllustrates the effects on ussue \olume and blood flow caused 13 A
sudden tenous p e An di and mod: merease i USSUE
volume 15 obtaned while at the same ume senous outfiow 3 temparandy
reduced Thus rapid wperease of ussue volume and phasic flov decrease aredus
to pocling of blood vithin the dustended capaertance vessels + hen they ":

ta the wereased transmural pressure This amual p);,uc ;L:c)umu
followed by a second much slower but quite stcady p.

g::ix;nmmou: \o)yumc increase reflects an outward capstfary filtrauont 3
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has been demonstrated 1n several studies utshzing different techmques (¢ g
Merranper 1960) It thus allows a deduction of CFC if the mean capillary
pressure tise can be evaluated It has earlier been stated thatin the isovolumet
T1c statle mean capillary pressure 1s assumed to be of the order of 15> mm Hg
If this assumption 1s correct 1t imphes that some 82 of a venous pressure
nise 15 transmitted to the capillary level when artenal mnflow pressure:s 100 mm
Hg and venous outflow pressure close to zero It has alse been noted that this
quotient 15 only httle changed if mean capillary pressure should be as high as
25 or as low as 5 mm Hg instead of 15 In this way CFC ean be calculated
with only a farly small error as reasonably correct values for yvolume increase
per unit ime total tissue wesght and mean capllary pressure nise are available
— In the left scction of the expenment shown i Fig 3 blood flow through the
acutely denervated intestine was about 50 ml/min/100 g and CFC was deduced
tobe 0 17 (mlfminf100 g/mm Hg) In the night hand part of the figure a moder
ate but steady vasodilatation was induced by an intraartersal infusion of
p line which
w030

d the blood flow level to 90 and CFC
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CFC has been repeatedly esumated mn a total of 20 experiments in which
e degrees of vasodul up to the 1 level were induced by
steady mtraartenal wfusions of 1sapropy! noradrenaline i vasous concentra
tions The correlation between the prevarling blood flow ~— 1 e. the extent of
tone of the resistance vessels — and CFC s shown an Fig 4 The tune based
on classed mean values with an ndication of the spread among the ndmidual
esumations in the form of the hatched area represents altogether 123 mdn sdual

, _rements of CFC As a companison the relationslup between blood flow
and CFC for skeletal muscle 1s also mserted 1n the same diagram  the fatter
data taken from CoseoLp etal (1963) In both instances there arc good
reasons for assurn, that the CFC increase accompanyng the flov ncrease
which was produced by a vasodilator drug m the mtestine and by ncreased
tssue actiaty i the skeletal muscle 1 caused by operung up of previousfy
closed capillanies This can be expected t3 ocour when thetr smooth muscle
sphincters become selaxed which then makes the capillanes avarlable to the
blood flow and hence for filtration exchange — In a minor group of the ex
penments the intestinal vessels were kept i a farrly steady state of incre
1one by 1al infusion of di t It was then generally fourd
that CFC decreased roughly wa praporuun to the wincrease of flow ressiance
these fev measurements are not tncluded 1 the diagram of Ing 4 Fig 4 also
lustrates the wellkaown fact that the wntestine 1s far better vasculanzed thatt
skelesal muscle the resting blood flow lexel of the former ussue being a8 1%
or cven bigger than the maximal blood flow capacty of the laer At these
equally big blond flow levels per unit weight of the 1y o tasues 3t « (unhc;
worth noung that the intesunal CFC s almost three times bigger than that ¢
the skeletal muscle In fact this difference 19 CFC/blood flow rauo 1 fuchs 3

1 i di. alsxr 15 probably m reality eved
prosert at ¥
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bigger for the following reasons The intesunal segment studied generally
included a group of lymph glands swrrounding the mam vessels and amountng
to some 20~3 9, of the tssue volume studied In some of the experuments
blood flow and CFC of these glands were d sep ly after P

of the mtestnal segment Generally their restmag blood flow 1-as around 30
—60 mlfmsnf100 g while CFC was then only some 0 02—0 04 (ml/mun/I00
gfmm Hg) This CFCfblood flow ratio for the lymph glands corresponds more
closely to that of skeletal muscle than to 1atestine When the blood flow and
CFC figures for the intestine proper are corrected for thus admixture of Iymph
gland tissuc mtesinal CFC for a green blood flow level 15 1n fact somewhat
higher than that indicated in Fig 3 and 4

Discussion

A considerable number of earlier ymvestgetions {for it see ¢ g Lacrox
1960 and Grim 1962) have dealt with the regulation of the mtestinal vessels
and though most of them have been confined to estmations of blood flow
resistance aspects such as regional blood volume capillary exchange ete. have
someirmes been considered also However only more recently have methods
been developed by which several of these parameters have not only been
measured concomutantly but also to some extent quantitaticely analyzed For
nstance Joussow {1959 1960) has adapted PappexuED®R and SoTo-RIVERA §
gravimetric method (1948) ongmally designed for studies of the capillary
exchange 1 the hind lunb for a thorgugh study of bload flov autoregulationsn
the dog s 1ntestine As thus techruque like the present vanant of Pappenhemer
and Soto-Rnera s method alloss a concomitant recording of changes in blood
«olume and CFC 1t offers possibilites for detaded studies of the intestinal
vascular events With an cntirely different approach using labeled red cells
and albumin  Swar~ etal (1961) have analyzed in more detarl some aspects
of the exchange between the mtesunal vasculac bed ntersuual space and
fymphatic system A far better msight mto the complex control of the gastro-

vessels can be expected to be ob d with the aud of such methods
It 15 also wellknown that the intestine 1s richly vasculanzed having a big
blood supply a remarkably dense capllary nen ork and a farrly big blood
content The present findings are mn complete agreement 11th these general
views and may offer more detaded g these p
Tosarta1th the range of the smooth muscle control of the mtestinal resistance
vessels will be ducussed The present experimentsy cre deliberately performed
on intesunal segments which were acutely depred of both therr vagal snner
“ation and vasoconstrctor fibres It was madentally observed that the para
sympathetic denersation of the mtesunal structures did not significantly affect
the arculatory events under the present cireumstances presumably because
there s as no significant activity of these centrally divecied nenve fibses control
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ling motor and secretory esents Ehmunation of the torucally active vasocon
strictor fibres on the other hand naturally mcreased blood flow and teue
“volume somewhat leaving them 1 the state of basaltone detersuned by local
mechansms alone Aspects of the range of control, exercised by the vasocon
strctor fibres wall be described sn another study (Forkowetal 1962) Underthe
<rrcumstances of the present study corresponding to a situation of reflexely
whibited sympathetic activity an the mtact organtsm, the restng intestmal
blood flow was genesally of the order of 40—60 mijoun/100 g at a pressure head
arcund 100 mm Hg At maxsmal relaxation of the mtesunal blood vestls
flow was seen to mcrease up to some 250275 ml The corresponding figures
for skeletal muscles 1s 1 our expertence 6—10 ml and 40~-50 mi/min/160 g of
tissue respectively The big difference hetween restng and maxima) blood
flow shows that both vascular eiremts maintam a considerable basal tone of
thewr resistance vessels (Lorvine and MeLLANDER 1956) and it 13 welknown
that both exiubit autoregulation of bloed flow {¢ g Fornow 1949 Jomnso
1959 1960 TexTer ot al 1962) as 15 the case with several other csreutts This
phenomenon like the basal tone seems 1 the final analysis to be an expression
of a truly myogenic activity of the resistance vessels (FoLnow 1962) though it
Uy 15 modified to a derable extent by extrinsic factors
The huge ntestunal blood supply both at rest and especially at maural
ddatation calls for some remarks The heterogenons antestmal tissue 15 grossly
speaking made up of 2 smooth muscle portion and glandular mucosal portian
ng 1w the cat some 60 and 40 per cent respectnely It seems reasonable
1o assume that the I bload flow cap: of the ) smooth muscle
-~ portion does not surpass that of the skeletal muscles considering thesr respectne
metabofic fevels in actwaty  If thus assumption 1s correct it foliows that the glan
dular mucosal portion must have a maximal blood flow capacity of the order of
some 500 ml/mun{100 g of tissue This figure 13 an fact not g prion surprisngly
bsg, ssnce the blood stream of the mucesa m contrast to the simanon in muscles
serves not only as a nutritional supply but also as a source of raw materil for
tlandular cells with a lugh secretory capacity It is also 4 transport system for
absorbed matenal Furthermore the range of blood supply coincides farely
welt with that of other glandular ussues like the salvary glands To what extent
thys flaw passes posaibly existing shunt vessels 15 not known at present
The above menuoned changes in blood flow which reflect the shufts in ton¢
af the resstance sessels  were regularly correlated wath changes in 1eg19
blood valume and CEC 1n their turn reflecting shafts 1n tone of the capaestance
vessels and precapillary sphuncters respecinely In agreement with Jous
sov s fincings on the dog s mntestine {1959 1960) CFC of the cat s 1ntestine “::
found 1o be definitely greater than that of the skeletal muscle (PAPrENUEDS .
1953 Cowsotp etal 1963) It 1s true that the relausely fow CFO {:E‘:r’o
gwen by Johnson are definstely lower than those in the present stud) \:‘hlﬂ
are hus blood flaw values perhaps partly a specres difference Homever
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correlated v ith the curve mn Fig & whuch relates blood flow to CFC Johnson s
blood flow CFC figures comaide well with the lowes feft end of the curve
The greater CFCfblood fow rato of the intesyng as compared with the
sheletal rauscte which — as mentianed cacher — 1t all probalnbty i even
greates than that shown e Fig 4 calls for some remarks The mucosal portion
18 specrabzed for and ab that for a given blood
supply may be predicted to sequire an ospecially g capiilary excl rface
ar fractional pore area Jtis known from many morphological studies that the
gastromtestinal mucosa has an especwlly dense capillary netwark. Agamn it
should be recalled that great differences yn vascular archutecture may exst
between the smooth musele and the mucosal portions of the intestine the latter
portion being probabl far better % There are good reasons for
believing that this 15 true for the capallary section top 1mplying that the capiilary
susface area per untt tissue weight should be far bigger for the muco a1 portion
1 1t as assumed thay OFC of the nteshinal smooth muscle porton ke sis
nanmal blovd flow capacity does not surpass that of skeletal musele stwould
foltow that CFC of the mucosa m reabty 35 about twice 35 great as wmdicated
15 the diagram of Fig 4 bewg then around 1 at masimal vasoddatation Such
2 filtrzation capaaty 1 in fact of & similar order of magmitude a: that of the
renal glomernds also sbout ) of glomerular filtraion hke CFC s expressed in
mijmun/mm Hg/100 g aof renal tssue
On the baws of the data shown in Fig 4 and the connderations outhined above
st 15 thus tempting to assume that the Jugher GFC/blood flow ratio of the intest
sne reflects a capillary nerwork that m both relative and absolute terms 35
denser than that of skeletel muscle This would mean that a given blood flow
volume at Yeast within the ratestinal mucosa 1s spread out over a defintely
ingger capiilary surface ares passes thus surface area correspondingly slower
and that the average diffumon distance {Dlood trsvae cells) 1s shorter all factors
shatwail fathtate exchange Itshould however be veabized that the hagher CFCf
blood flow ratie way be due to part to a greater nunmber of pores per umt
capilary area orfand to somewhat bigger dimensions of theee pores There s
m fact good evidence that the latter factor (Swaxw etal 1951) may at least
pardy explan the very lngh CFC values of the intesune Whateser the case
the capaaty of capillary transfer both by means of filtration and diffusion
must indeed be very big From a pathophysiologseal pmnt of view thas would
meah among othes things that exen shight increases i mean caprilary pressure
m the mucosa ean rapidh result 3n marked edema Waith regard to skeletal
musele 2t has been d that the awor of the vascular tone
which 13 esseatsally confined to the precapiflary resstance vessely helps to
proteet the capllary level from acodental pressure increases (Fornow and
Osera 1961) As meptioned the intestinal vessels show considerable autos
! 1nd 1t v as rep iy observed 1o the prosent experuments that
these acine chan es of fone must take place mainly on the precap Yarv side
M f3 1 At phat nd Vv 157
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as mean capillary pressure to Judge from an unchanged 1sovolumetrie equlib-
rium was only httle affected when artenal imflow pressure was changed In such
a way these purely local adaptions of precapllary tone may be expected to
protect aganst too drastie filtration Josses and edema formation 1 the event of
acardental increases in artersal pressure However many other fretors may
aftect both the pre to postcapillary resistance ratto and the artenal and venous
pressures which all contribute to determine mean caprllary pressure Recently
performed expenments (Lewss etal 1962 Founow ctal 1962) mndicate for
1nstance, that under certamn ¢ the rictor fibre mnfluence
on the pre and postcapillary vascular sections 1 the mntestine may lead to a
situation 1n which an outward filtration over the Ing capillary surface ensues
possibly accounting for the gross intestsnal edema formation seen in some
shock situations

With regard to the intestinal blood volume and its changes with vascular
tone the present figures for resting blood content corresponded to some 7—9
ml /100 g of nssue (intestne and ns mesentery) The results suggest that this
blood content can be decreased some 30—40 per cent at maximal s)mpz!hellc
activity and 1ncreased to about the same extent 2t maximal intestinal vaso
difatation Gross changes 1 transmural pressure withia the venous capacitance
section can of course considerably affect these figures which were obtained
under expenimental conditions in which both the artersal mflow and yenous
outflow pressure levels of the ntestinal errcust were kept furly constant The
figure for blood volume expulsion at Iv 15 1n good agree
‘ment wath that gnen by Mstianoer (1960} for the maximal vasoconstrictor
fibre effect on the capacitance vessels of the muscle skin region of the tats
hind quarters

T} s study has been s pport d by grants £ m the M deal I culty Vo e tyof G t borg
(OL.andIW) fomth Shool fArop Medc i th ougt the Luropean OF ¢ Voo
space Res rch Untd States A Fo (AP EQAR 61~37) and by grant 1f 5672 { m the
Natonal Inst tutes of Health Bethesda USA
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Quantitative Aspects of Respiratory Reflexes from
the Lungs and Chest Walls of Cats
By
CurT vov Eurer and Harry W Frirrs Jr!
Reces d 27 July 1962

Abstract

Euter C v and H W Fritrs Q a tilatue aspects of e pt atory
refl es from the lung and chest walls of cats Acta phys ol scand 1963
57 284—300 — Reflex regulation of the force of contracuon of the
respiratory muscles has been insestigated and the relative importance
of the cervical and thoraaic dorsal root afferents has been compared
with that of the  gal nerves m cats anaesthetized with Dial After
closing th t achea and inflating or deflating the ! ngs to known
volumes the 10t atrachea) pressures dexcloped during the resprratory
efforts v ere measured before and after severing the vagi or the dorsal
roots
The imspiratory  pressure volume relat ons were approximately
incar Th difference in lope obta ned b fore and after sccuoring
the agal nerves or dorsal roots p ovides an index of the gamn of th
control me hanisms The inh b tory off ct exerted by the vagi v as
almost Iin arly related to th thorac ¢ volume The dorsal riots
ex ted afa litatory effcet  hch d erease 1 with increas no 1} oracic
solumes n a linear fash on Thus the afferents of both systems 1
creased the teepnes of the slope of the pressure olume cune the
gan of the agal and of tr  domal root circuit be ng approumat 1
the sam L ang ¢l crromyography ton ¢ | ropriocepts ¢ ¢ flexesan
the tnterc wtal musculature were demon trated  Release from n
h bitton of intercostal streich reflexes was found follow ng tigh

p nalizau n

Trcrent address Card o-Pulmonary Laboratony Bellevue Howp t 1 Nvew York New York
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Of the many papers publshed on the sensory control of resprration the
majornty have dealt with the vole of the pub p n g
the depth and duraton of the individual breaths Lcss astention has been gnen
10 the regulation of the farce of conteaction of the vespiratary museles That
1hese farces are milucaced both by the volume of the fungs and by strewch and

tenston of the resprrators muscles has been sugrested 1n seseral papers Thus
d has bezn

that man and anmals select breathing
frequencies 1 hnch mmsmize cuher the force of contraction (Mean 1960) or
the 1 otk the muscles perform (Rommer 1923 Oms Fexw and Raws 1990
Mcliroy Marsuars ind Curestie 19234 Davis Fowzer and Laymexy 1926
Zecuman Swzawo and Harr 193 barzano and Hats 1959) Imposing
elastic loaids has been § 1 nd to sugment respiratory muscle force {CaveseLy
Devvien and Hawers 1961 Cavpseir et af 1961) Pertinent akso ate the obe
sercattons of Drarer Laprracsp and WHTTERIDGE {1929 1960) who faund
that the tracheal pressure s beld remarkably constant duning speach of steady
toudness siggesting = Bne regulation of the force of consraction of the muscles
gosexvang this pressure Proprioceptne refleces i the chest wall bave recently
teen deseribed 1Garca Raxos and Lépez Mavoozs 1959 and n a fow
earhier papers it has been demonsirated that sectoniag the cervical and thoracte
dorsal 70013 weakens resprraton moements {Caones 1918 Cooses and Piax
1818 1930 Seaps 1928 Nammav and Seans 1960) The mtercostal muscle
spindles gnd the  m (oneurones muervauny the intrafusal muscle fibres of
these 1 roprioceptors hare recently been found to be strongh engaged mn the
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Figuse 2 Records of p essure {upper) and «olume (fowe § obtan d nadece chrate cat when
the trachta was occluded at (T £ext buny, volumes Do viward deflect on of the pres re cun
Aur ng ocelus on denates fsp ratory effort In 1 the cat beeathed room a r and ¢t cheawas
occluded at 17 ERY (1) 100 " LR\ (2) and 175 LR\ (3) InBtheeorh athedf 5

fa and th ¢ athea wa ocel d d at 29 LRS (1) 1206 £RY {2) and 230
ERV {3) Note that d g ca f ol occhu on nr P essur reach d a plateay m  rapdly
¥ ben the eat breath 4 GO than whenh beall da

control of the inteccomtal muscles {Crerenrow and Lurer 1862) yet hutle s

nown about the relatine smpostance of dorsal toot affcrents for the control
of respuatory movements as compared with the vagal afferents

The present experiments were desiyned o imvestigate the following related
questions 1) To what extent do vagal afferents influence the foree of contraction
of the respiratory muscles? 2) Yo what extent 15 thys force dependent on dorsal
700t aflerents of the cervical and the racic segments? and 3) Do the latter
afferents parucipate spunal reflexes or supraspinal reflexes® The first h o
questrons hase been approached quanuiamvely by measuning the mntratrachral
pressures descloped by the respiratiry efforts aganst the closed trachea after
inflating and deflating the fungs to kn wem volumes  companing the values
obtaned before and sfier sectionng the vagal nerves or the dorsal roats The
regulatory mechansms ,or erned by these two aflerent systems wall be character
zed 1) by therr gain by which 1s meant the change i pressure (output) ptt
umit change i th racic wolume (wput) ani 2y by the absolute \alunﬂflf:
ntratracheal pressures exerred ar mudpositie n  The snfluence of the 1 agal an
the dorsal root afferents will thus be expressed t the same unsts whiely peromts
2 close comparson The thurd question has been stutdied ty WPP"";_‘"';’:?
hese procedures with clectromyography  Luidence for the presrnr; o xl’l” e
praprioceptis ¢ reflexes tn respiratory muazles of the thoracic wall »
resented confirming Gancia Rasos gnd Lévez Meawvoza (1933)
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Fgure 3 Prossu w0h m dugramasf 2 § oo ebrat ot oud od before ( pencwrcles) and alt ¢
1) bilateral sag tomy Whol lLues ndeat peak p ewn e durmg respearory
eff ris bat b d lmes g esent fat p essurey

Methods

At the outset the cat recevved suff e ent ether to allow cannulation of the trachea and
wolatton of the vagr He « as then ¢ ther with an { mectan
of Dial® {045 mgfke) or decerehrated 2t 2 p ¢« albeular level, Those cats used for
study ng the effe ¢ of domal soot sect on underwent fammectontet fom C3 to L1

With the aperst ve i & fered the catwas toa table
“he spparatus skttch Am F g} Asshown o the draw ng the eat lay in a body plethys-
mogr ph connected 10 a hrogh prometer A vanc attached 10 th bellofihesp rom
eter moved w2 beam of lght mp ngmg on a photoelectac cell thus rendenng the
output of tbe ¢ il proport onel to th cats mspired and expired olumes By deflect ng
one beam of a four b am cathod rav osc Hoscope thus output provided z gegord of
ventlaton A second b am of the ssalloscope followed the intratra heal pressure
measured By a strawn gavge manometes A th d beam reco ded the electrical potesrual
{ENUGY @ cloped beti een a need!  thrusy anto the fibers of an inspiratory wtercostal
muscle and 2 eef ence electrode clamped 1o the skin The fourth beam folloned the
output of a capac tanc wh cb integrated the EMG

ch  aperment began v alloving the at ta e quetly i the plethysmograph
unt Lehe emperatuess o th box sod o, (he ep rometer had staumed seady dovels The
stz aulaton wes ecg ded th nothe cat began to breathe a mosture o€ 65
CA w O Whana teady muute solume of yent lanon bad bren achieved he ex
P amory ves i sohume (ERV) 35 ¢ uamuncd by the method of Y an Liew {1954
Ths muwled losng the trach al cavmula, spphing suctson undl the mtratracheat
pressure TR to 40 mm Yig and measy wg the d f rence between the Frat solame
and st wh hhad ex ted atth  nd of expiration as the cat breathed spontaneous!
Because s¢ won ng 1t £ sensory pathwavs wwally  hanged e ERV and hecause th
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Fgure 4 Pressure solume d agrams obta ned an s degerebrate ¢ ts before (whole I nes) aod
alter (hatched 1 nes) bilate al vagot my Lach thick I ne repec ents an av rag valy the
accompany ng th n 1 es del neat th r

purpose of the study was (o compare pressures at the same lung volume beface and aftee
resection 3t was ne cssary to mquire whether cutting the £ bers also changed the residual
olume (RV} We therefore stimated the functional residual capacity by the meth
of Dunoss et af (1936) and alter subtracting the LR\ found thats ctioning the affereat
pathways did not atter RV Hence the presentation of the dat was s npl fied by ex
pressing cach volume of deflation or inflation as a percentage of the FRY mea ured
with t} ¢ sensory pathways tact For e ample wl en the tracl e of the cat was closed
after applving —40 mm Hy, suction th volume was 0 hen closed at the end o2
!l%%mancom expiration 100 / or wh n clos d above dus exprratory level greater than
Following tt e determnimat on of the TRVt cat qunckly returncd to a steady fesclal
\entlation wlereapon at spaced mt mals the trachea was closed at dilferent el
of inflation and deflation Durning each perod of closur  the stra n gatge me3 ured
the intratracheal pressure thus providiag, a recar | of the g ressures produced by
sprratory and exp ratory <fforts as w 1 as the static fevel essung bt of the
efforts 1 ten the muscles relaxed (Fig 2/ In some cats the esumat on of tf £ St
pressure v as easy because 3 well defined nterval sepa ated the rwo p) ases of resysvd
tary mosements in a few there s a no clear demarcaton and th estimated 2t e
wat of necessity only approumate

Results

It of Adding €O, to the Inspured Gas Mixture Dhe decsicn to 2dd 65 °
€O, to the msprred gas mixture was bised on three consderations Tiest 2
prehmmary study wndiented thar cfforts desveloped against 2 clxed teached
seached a steady lesel mare rapidly whea the cat breathed CO, This posnt ¥
Mustrated 1n Fig 2 Aand B Sccond  the steady level persisted for a period 0
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fifteen oz more seconds suggesting that at this degree of hy percapnea the effects
of the changing levels of the blood gases dunng tracheal occlusion were mum

mized And third the pattern of the results was not altered by the procedure

whereas a cat tended to generate a larger pressure against a closed trachea
when he breathed CO  the diwection of the change n the pressure solume
relation produced by sectrommng the afferent pathwavs was the same as when the
cat breathed ambent air

T
Trep tom Insprat 1y Ganofv gat G nafd ralreat
peosure imd | et (D e | wow, (D fleren o
pos ton (100 n Y pe fpres nstope fpres-
ER\ ) mm He sure ofum dia ur olum da
goams before 4 | gramsbef e and
after ug t my} fter buz tomy)
mm Hgl 106 um Hg 1100
ERA ER\
bdeotr b te ats
Dossat ogt @t 3] 1 -~
£ Dl a
D ralroe m e 4 5 -
3 Dl ¢
Dorsal roats ur 8 4 —
6 Dal cans
g out 9 — 5
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Figure b Pressure volume dragrams obtaincd in 6 anesthetized {Dial) cats before {whot oo}
and after (batched lines) bulateral vagotomy Each th ck line represents the average ralue
the accompanying thin lines delineate the range
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Figure 7D flerences 1 nop ratory pressures (wh | 1nes) and in stat ¢ pressurcs {haic)
1nes) before and afier bilateral  gotomy  three anesthet zed (Dual) cats with dorsal Trott
seet on

Effect of Va otomy on Insprratory and Expratory Pressures The static pressure
and the peak sprratory and cxpiratory pressures deseloped aganst 2 ¢l 4
trachea are depicted for a single decerebrate cat in ig 3 In contrast 10 the
approumate symmetry of the inspiratory and expiratory Iimbs of the prmmtl
volume diagram produced by voluntary effort of conscious man (Raus rt:
1946) the cat yenerates much greater mspiratory than expatory pﬂz’”:’m
Tlus asymmetry observed tn all of the cats studied was aot influenced ; )nrs
body weight by whether the cat was prone or suptne or by the type of &
thesia e

Tig 3 alo shows the effect of vagotomy on the mnsprratory and €
Lmbs of the pressure curves Severing these nerves allowed the cat 0

pAratony
derelop
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greater inspiratory pressures suggesting that the vagal fibers had exerted an
nhibitory effect The rise 1n pressure was particularly marked at large volumes
of inflation and 1n a few cats the pressure volume curves obtamed before and
after vagotomy crossed at 2 volume close to mudposiion {100 / ERV) sug
gesting that the vag inhbited contraction at levels above this value and
facilitated contracuon at levels below it Further vagotomy shifted the static
apve . the duecuon of 3. dinttusked, nigduey of the thavax, 20d w mest of
the cats displaced the exptratory mb 1n the same direction as the static
curves (Vax Liew 1954)

The average curves of msp ratory and expiratory pressures obtained before
and after vagotomy n six decerebrate cats are shown in Fig 4 Because the
pressure peaks were read 1n relauon to the correspondimg static pressures
(Fig 5) the curves represent the changes mn pressure actually produced
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Fguel0 Presure olume d agrams ofa vagotorm ed anesthett ed (D 1) cat nTudl;d‘l:(}?;r

{open ¢ cles) and after (closed © cles) servenng the dorsal oots from C-3 to
Linesind at peak pressu ¢» dur ng resprratory eflo ts hatched lines rep escnt tat € pressurcs

muscular efforts It can be seen that each average cune is approumately
hnear and has therefore an almost constant slope The difference 1n stope
before and after vagotomy provides an index of the gain of the vagal system
‘The gain and the msp Y F at midp arc given 1n Table 1
! Studies before and after vagotomy were also performed n cats anesthetized
with Dial® While both the gain and the mspiratory pressures Were reduc
(Fig 6and Table I) the release from inhubition following vagotomy was sumitar
as that observed 1n decerebrate cats
The obsernation that vagotomy changed the gan of the arcuit rased the
possibility that this al was mediated by muscle spindles coupled 12
¢ efferents carnied 1n the intercostal nerves To test this possnnluy pressure
volume curves were obtained 1 three cats in which the cervical and thoracic
dorsal ronts had been secioned but i whom the vagt were atact Agair
vagotomy changed the gain of the crreuit in a fashion sumilar to thatsecnt ncats
wath intact dorsal root However after rhizotomy the pressure volume cunt
was shifted dowm ard to a lower level {(Fig 14) Thus 1t can be concluded
that the gain of the vagal system seen after sectiomng the dorsal roots (g 2
was not mediated by the loop of  efferents and muscle spindle afferents "
The present studies also provided an opportumty for ebserving the v ¢
known change tn respiratory frequency » hich vagotomy induces Cloangtt€
erachea 1n 1ntact cats alters the frequency while the same maneuser m "5’:
omized cats changes the frequency scarcely at all (TRoFLSTRA 1960; :‘;
phenomenon 1s lustrated for a single cat in Fig 8 Fig 9deprcts the chang
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) %o 20 30 TRE
o
Fou P essu e olum diagrams of 5vag t m cd:nq(hucd(Dnal)Quuudedbzfoc
( Shot lncs) and fter (hat hed lnes) sect mng th dorsal oosfom C310T 12 Eahth k
lime pesent n crag th acc mpany1 g thin lnes d I neat th l’ang
m freq induced by occluding the trachea 1n two groups of cats one

compnsing eleven ammals breathung CO, and the second 5 anumals breathins
air The graphs show that the change 1 frequency in both groups was a function
of the lung volume kn thisregard stisinteresting that the difference in frequency
ben een mtact and vagotomized anumals 1s greatest at small solumes and least
at large volumes (Hess 1936 TRoELsTRA 1960) Thus v 1thin a considerable
vange the vaoal mfluence on frequency 1s opposite to the control of the m

spiratory force (TroeLsTra 1960) 1n that the frequency 1s mcreased when the
force 15 reduced VWhile this vagal eflect on force 1s probably governed by slowly
adapung pulmenary receptors 3 huch discharge 1n propertion to lung volumes
(Aprian 1933 haowitos and Larrasee 1916 Wmpicosse 1954) the effect
on duration of the respiratory cycle may depend more on receptors responding
to deflation (Aprian 1933 haowrToN and Larraeee 1946 Parcran 1950

1957)

Effect of Sevenng the Dorsal Root Fiders A prehumunary study indicated that
cats anesthetized \ 1th Dial vathstood laminectomy better than those which
1 ere decerebrate and for this reason the effect of sevenng the dorsal roots was
imvestigated tn Dial cats alone Each cat had been xagotormized

Sectioming the dorsal roots reduced the pressures the cat generated This
can be seen in Fig 10y hich depicts the pressures developed before and after
rhizotomy 1 a single cat The average results 1n 6 cats are shown in Fig 11
The difference bct“:cn the ms‘pu'alur) pressurcs exerted by the vagotormzed
and the \agt d that1 g fength
of the insprratory muscles as occurs Y hen the thoracc solume decreases
facilitates the mnsp ratory motoneurones by way of the dorsal roots Thus

ontrast to the inhibiung effect of the vagal fibers the thoracic and cenvical
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Fgur 12 Relat n of the Jung volume to the integrated elects cal act vy of aa np “":{
mscle The bsernvatonsw ¢ made dusing tracheal oeclus ontna s gotom zed cat anesthen
with Dal Opma ¢ cles  p esent datar corded befo  and clos d <t cles afic secton g
dorsat raots f om G-It T 12

dorsal roots appear to medsate a facshitation The dorsal root arcwit 15 such that

the slope falls from 13 to 8 mm Hg/100 % LRV when the roots are sectioned

Thesegresagan of 5 ram Hg/100 9, ERV whach 15 equal to the gan of the

the vagal system (Table I}

3 In these eats with all of the sensory fibers sectioned the pressure dmc)opfd

# by the ammal still varied with volume Thus may be due to either of o factors
1} the fact that the force of contraction of any muscle mereases with increastng
length of the muscle fiber 2) the fact that the fracuon of the muscle force
applied to changing the volume of the thorax may depend on the degree of

4

expansion of the thosacie wall

Elect sphic Studies of Se ? Refzxes The clectromyogram provided
wformation which supp} } the of pressure and yolume
Whereas the relation between pressure and volume depended on {a) the n;o‘l}:

neurene actnaty (b} the length of the muscles and {c) the attachment ©
muscles to the chest wall the clectromvogram provided an wdex of matoneurent
actwaty alone Thus the technique afforded an apportunity to v esngAle
swhether the sanations 1 pressure develping before and after shszotomy ¥ €7
caused by changes in neural activity of just by the mechanes ol‘mv.xsclccomr:\cl
tion The electromyograms sere recorded from the inspratory externd
intercostal muscles Fig 12 depacts the results of a sypieal experyment l: :‘
sagotomized  decerebrate cat Each plotted point sepresents tlx:d 3:;;
integrated electrical actisity of the muscle per mspiration express

i
esticted brent
e of the average actinity evident durng spontancous unt

= fus compared ¢ sh

g The avesaged acuvety of 3—4 clamped efforts were ¢
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Tre 13 EF rof h‘lodung th cervical spmal € d of A vag t mured d cereb ate ar

1 pontancous brsathung B~D § ed mﬁnzl hypers ntlanon. £ spwal cord blocked
tC mulat numenmﬂr—[) See text,

the ateraged activity of 4—6 unobstruced wspurations before and after each
The curves d that the elecmcal actvaty decreased with

mereauing thorane volume  After sectioning the dorsal roots 1n the cervical and
thoracic region  the expanson of the chest wall no longer infBuenced the
elecmncal activity Nor did clampng the traches influence the electromy ogram
as 1t did when the darsal roots were mtact Thus the dorsalrootsreflexnely
enhanced the motaneurane activity at small and moderate thatzcics olumaes and
whibited the acmaty at large volumes The acuvity equaled that of unoh-
structed 1 puranon {100 © ) at a volume of about 150 , ERV the pamt
reached at the peak of the unresineted udal volume

Simiar observatons bave been made when recording from smgle motor
umts afthough most of those tested were found to bave a rather narrow range
3 athin which zhm frequency of fmng followed changes 1n thoracit xolume The
i H ondegreeolimfation could be abolhed by
cunm" the dorsal roots Thus the exestabifity of the spinal motoncurones i
1 cats s reflexnel fh d by the posion of the chestwall an
effect which ap by s diated by pr fibers carmied i the
wntercastal nenves Mamfest stretch refleces were not seen under these ax
petimental condstions  Afted hugh cervical spinabization however yefiex con
wactons could be ehinated by expansion of the chest v alt A typreal experiment
shauag thus 1s depacted i Frg 13 The segment of the recard Iabelled A shows
the vagotommzed decerebrate cat breathing spontancously The E\!G acmxty
1 as synch with the latter bing a dov
on the volume cune In B the eat was subjeeied to posiuve pressure hyper
senulation by means of a Starhing pump WWith continued hyperientlation
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Fgur 14 Summaz of the eff ¢is of anesthema vag tomy and rh zotomy on the p &5 e
s Tum dagr mofthe nsp ratory muscles

(C and D) the muscle ceased firng presumably because of the reduced
hypercapneic drive Indeed if at this point the pump was stopped briefly the
cat was apneic The cord was then blocked at the level of C-1 by injecuns
3mlof2° Xylocaine (Astra) Immediately afterward artificial wentilation
was remstituted (13 £} and now the umt — instead of finng with inspiration
« as 1t had previously — was active during expiration when the jnspiraton
muscle fibers were stretched Thus a stretch reflex was chated T'his reflecy 25
also occastonally evident 1n cats v ith unblocked cords when the blood pressur
had fallen or when the cat was under deep anesthesta Otherwise inflations and
deflations did not provoke mamfest stretch reflexes from the chest wall

Discussion

The reflex and closed arrewnt control ¢f muscle contraction can be asws*thd
by plotting length tension curves befc re and after sccuoning the sensory pat

5 using these curves to caleulate myotanc loop gatns (GROT

ways and thel
achin”

1928 MartEws 1958 Posperano 1960) This approach necessitatesatt
an 1solated muscle or portion of a muscle to 2 mechano-myogriph a procedure
which if apphied 1o a respiratory muscle would allow measurement of the f Y\“;
of contraction but not the effect of thus force on the motion of the chesty ﬂ'
Further 1solation of cach respiratory muscle may not be possit le and ln:
muscle portions that are avalable for myography such as the dxaphmt:‘ﬂm
ship of HeAD (1889 are probably n t representatne of the entire mplm a
musculature because the distributt n of proprioceptors hule not pr
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known 15 thought to be non umform such receptors probably beingscarcein
the draphragm (DocteL 1902 GreGor 1904 Masusoro 19342 b Yasarcw
1962) and plentiful 1n the intercostal muscles (hERscHNER 1888 CoorEr 1960
Barner 1962 Critcurow and Euvier 1962) By substituting volume and
Ppressure for d of length and tension the afferent
control of the respiratory force may be analyzed according to the above
mentioned principle 1n spite of the mentioned difficulties Measuning the

pressures developed agamnst a clamped trachea not only allows the muscles to
funcvon n their natural p but also provid

a means of study
the net effect of the mspxramry and expiratory muscles These admmages
are somewhat offset however bv the non hnearrelatiors bet een intratracheal
pressure and muscle force and bety een changesin thoracic volume and muscle
length Thus the shapesof the volume p; whichare 4
i Fig 14 7eflect not only the force of contraction of the respiritory muscles
but also a factor mntroduced by the method of measurement
Application of this approach revealed that mereased the p
devcloped by the in piratory muscles Such an mcrease mis ht be mediated 1n
any one of three ways First the respiratory drive might be greater v ith the
vag cut While this h cannot be d d 1ts importance 1s ques-
tionable since following tracheal occlusion the developed pressures rapudly
reached a plateau Thus 1f the respiratory drive were less than maximal the
magnitude of the pressure should have continued to slo 1y mncrease The second
possibility pertains to the vagal effect on the duration of the inspiratory effort
Indeed 1n one cat this seemed to be the explanation because while the miual
rate of change of electrical activity duning inspiration as well as of theinduced
pressures was the same before and after vagotomy the latter msprratory effort
conttnued for a longer time (cf Laxrasee and hvowrrow 1946) Whle this
factor undoubtedly layed a role 1n the other cats studied 1t did not completely
explain the difference obsenved Therefore v e are left with an increased
of disch of the alpha as the best possibility Since
this increase conld be elicited with the dorsal roots sectioned 1t seemingly did

not depend chiefly on the external loop of gamma motoneurones and muscle
spindle afferents

Secnioning the dorsal roots of the vagotomized cats lov ered the pressure

changes produced by muscle contraction Elecn'um) ography prnndcd evidence
that alpha output 15 facil d b;

d through
the dorsal root fibers thus confirmung the cnnclus\on of Garcta Rasos and
I opez \Mexnoza (1929)

Fmally the data summanzed 1n Fig 14 allo  the first & o questions posed
n the introduction to be answered in the following was (1) The vagi exert an
mhubitory influence on muscle contraction and (2) the dorsal roots facihitate

Both effects d the P of the volume pressure diagram
although the curves remained almost hnear Besides the changes

s
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also apparent from Fig 14 that there are important parallel shifts of the
diagrams along the ordinate This suggests that 1 additon to the volume
dependent changes n pressure and gamn the afferent systems maintain a steady
level of excitation which does not change with the tharacic volume Both the
gain of the afferent systems and the level of mantained excitation unguestion
ably depend on the respiratory dnve These two factors may therefore be of
importance for controlling the rate of rise of mspiratory force and hence for the
duration and depth of an adequate breath

The third question rased m the troduction can be answered i the af
firmative because proprioceptive reflexes could be elicited at segmental lerels
of the cord Of particular interest 15 the relea e from infubition of the nter
costal stretch reflexes following severance or blackage of the spinal cord 1n the
upper cervical region This suggests that the responses to nflavon and de
flation before spinalization are also true segmental stretch reflexes although 2
participation of reflex arcs iy olving medullary structures should not be neglect
ed Sumlarly velease of splanchmic to intercostal and mtercostal to-ntercostal
reflexes from tonic mnhib d by medullary structures have been
demonstrated following high spinalization (Downaaw 1955 Dowwsian and
Hussarv 1958) Possibly the snhibition of the stretch reflexes i the chest wall
1s maintained from the same supraspinal structures Whether this descending
inhibitory activity changes 1n phase with respiration and thus appears mansly
i the expiratory phase or whether the mhibition 15 goserned according (0
3t prmcaples remams an open question

i
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From the Department of Chinical Chemistry Unnvers ty Hosp tal Uppsala S1 eden

Exchange of Phosp! Groups between
Inorgamc Phosphate and Ad Triphosphate
1n Red Blood Cells

By
Carr Henree pe VERDIER
R ce ved 24 July 1962

Abstract

e VeroteR C H Excha ge of phosphate g ups between wnorganic
phosphate and ademos ¢ Inphosphat n rd blood cells Acta physiol
scand 1963 57 301—308 — In hemolysates of human red blood

ellsthe e1sa ap d ex hange of phosphate groups between norgamie
phosph te and the t rm nal phosphat group of adenosine mphus
phatc The exchang 1s dependent upon the pl d

and the phosphoglyceryl hnmc reactions § nce pho
phoglyc aldehyde 3 phosphoglycerate and DPN arc essential for
the exchange react on The imphcation of th finding s that studres
of the ncorpo ation of morganic labelled phosphate mto d fler at
cormpounds of the rythrocyte cannot n general be used 1o dras
conclus ans about the glicose metabolism of ed cells

Glucose breakdown in erythrocytes during normal and pathologtc conditions
has been studied by Prankerp (1957) by wnvestiating the incorporation of
P labelled mto sanous p ds It has been supposed that
1ntr hosphate enters the bolism 1n the phosph
gl}c:mldchyde dch)dmgcnase reaction Gourgey (1922) found that ATP was
the first compound to become labelled Later PraNkErD and Avtvan (1954)
constdered that 2 3 diphosphogly cerate was labelled prior to ATP but Gerracu
etal (1958) Tampanaetal (1960) BarTierT (1961) and Zparsky et al (1962)
have by mncubations with 1P ? for shorter pertods defimitely proved that ATP
has a higher specific acuvity

Th following bbr nan ns arc wed P 1 gamc o thophosph t  ATP  denosm
t phosph t ADP d osne diphosph t DPN\ nd DPNH oxdied and red  d form
espect Iy of dphoph pyrd:  nucl otd  PGA nd PGAID phosphoglycerald hyde and
t d hydrogenase PGR. phosphoglycery! kinase

0633015 Act phy tsad ¥ 157
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The purpose of thu, 1 estigation 15 to show that labelling of ATP may to 2
hugh extent be the result of exchange reactions and does not 1n general pent
conclusions about glycolyss 1 the red cells

Methods

High molecular weght fraction of erythrocztes Hemolysates were obtamed by repeated
freezing and thawing of washed erythrocytes 2 ml of hemolysate was applied to a
20 » 28 cm Sephadex G 25! column and the high molecular weight compounds
(hemoglobin enzymes etc.) were obtained by elution with 0 15 M Trs-chlonde pH
72 The hemoglobin content 1 as adjusted by dilution with Tris-chlonde to 15 ¢

Incubation After preheating to 37 C the high molecular weight fraction of erythrocytes
was incubated 2t 37 G under agutation with different cofactors and intermediates at
stated 1n the mdiidual expenments Withdrawn samples were inactivated by heatiog
for 30 sec 1n a botling water bath

Exthange rate The exct rate wa d by d the chang 1n distriby
tion of rad; hosphorus hetween and organic form For this purpose 2
shight modification of the method of Livoprre and ERNSTER (19 6) was used The

h rates were calculated on the that no net synthesis of compounds

occurred This 15 Considered to be likely a3 1n the 1P * ATP system no ADP was present
and as m the ATP? 1} system the exchange oceurred with both DPN and DPNH As
the exchange 1 fairly low (<" 70 /) under the experimental condstions used no corree
tions were made in the calculations for reformatton of labelled precursor from the
Iabelled product

Chem cals All chemcals were of reagent grade 3-phosphoglycerate Basalt wss
purchased from Calsfornia Corp for Biocl em cal Resea ch, Los Angeles and conerted
10 the a salt. Triose phosphates (a solution contaiming 2 75 mg/ml of each dihydroxy
aceton phosphonic aad and glycenmaldehydephosphone acid) was obtaived from
Bochringer & Sochne GmbH “Mannhe m West Germany P* inorgamc yhmphﬂ‘:
(PBS 1) was obtauned from The Radiocherucal Centre Amenham England ATD
was prepared from (P by using the exchange reaction described in more detad an the
section on results It was punfed by elution through a Dowcx 1 column (PE \xuvrt:f
and Ra11asDER 1967} and desalted accordsr g o Surrin (1960, The concentration
ATP 1 the was d d h lly and beforc use 1t ¥35

diuted with unlabelled ATP

Results
Exchange beteen 1% and ATP If the exchange between 1P? and ATP's5 te
result of exchange in th hogh Jdehyde dehydrog (PGAID)

o4 P b3
and the phosphoglycery! er’;asc (PGR) reaction 1t should be dependent of
iz and

b for these That this s the case 15 ylfustrated 2
Fig 1—3 Diphosphopyndine nucleotide and PGALl are thus both necessafy
for the exchange reaction The triose phosphate muxture used snstead of

PCA)
seems to have an inhbitory effect 1n high concentration Tiv 3 nl!mtm}:; ;"
expertment in which nsing concentrations of puryrate promotes the €xc
probably by increasing the DP\/DP\H rauo through the lactic defiydrogents®

reaction

e
The gt of Sphadex G fom AB Pharmac  Uppala, s grat fll sckao ]
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Companson f r action rate by exchan  wath ATP and by dwect_formation of ATP
Two sneubation media were smixed one contasing AT the other instead an
equimolar conrentration of ADE The ansfer of 1P 2 to organse form was
corepared for the o meda (Fig ¢) Xcis evident from the Sgure that wath the
sukstrate concentrations used 1P 15 more rapidly converted to organc form
by the exchange reacuon That 10 both media the labelled organie compound
13 ATP has been shown chromategraphically (DE S xxoier and harrasxoer
1562) Artheend pomtonly I8 of P was transfarred to ATP which explains
e almost hinear relationship between ume and mcorporation
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The posttion of P *1n the 1TP molecule To elucidate this 09 umoles ATP \\\il’
mixed with 50 gmoles untabelled ATP and hvdrolvzed for 10 minin 0 0’1 "
HCI 5t 100 C 1n a sealed glass tube After evaporation of the hydroehr
aad the residue was chromatographed according to pE VERDIFR and lw.lmt
pER (1962) The eluuon curves show that although both AME and \Dlr:u:d
formed by the hydrolysis no ble amount of radioactivaty Was e
at the ADP peak (Fig 5) Thisindicates that it 1s masnly tf ¢ termunl pl =P

group 1A ATP that has been labelled
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DOV was added LS
pmale 3-P-glycerate 2d
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per tr per g Kb

8

4 roies TP ehanged wih 1P
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J mctes pyruvate added

Fg & Corrdaton beew n congent € n of pyra ¢ nd P \TE? ex bant Inw!mx
o ture s miar t that descr bed 3n F g 3 ex cpt th 1 lalil & ATP ant wnlatelied B
wsed Triowe phosphat was ccplaced by 0 1 m | 3 P glycerat

Exchange betaeen ATP tandiP Asenics of expeniments has alsobeen Pﬂf“fm'd
yath this reversed type of exchange The results are ustrated by T :
DPN or DPNH and 3-phosphoglycerate are esenpal Pynnate promo €31 €
reaction although to a Jesser extent
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Discussion

The PGAID reaction and the nucleostde phosphorylace reaction have both
been proposed to be the sut 1 biock 1 backg; d for the transport
mechanusm of 1P through the erythrocyte membrane (Zursky and IsRAELS
1961) 1f the PGALD reaction 1s responsible 1t would explam the rapid label
hing of ATP Recent mvestigavons however indicate that there 1s a special

carnier system for 1P through the membrane (Scraver and Hiisan 1961
Acren 1961}

According to evidences put forward by ¢ g hoeppe Bover and STULBERG
{1936) an enzyme substrate DPN (not DPNH) complex 1s reacting with 1P
and this may be the expl for the effect of add of pyrurate
upon the exchange The more pronounced effect obtamned when the reaction
1s mvestigated with the 1P system than with the ATP?* system cannot be ex
pluned at present

Phosphate exchange has been described 1n a pure PGAID system by Ogsezr
(1924) and according to Rackex (1961) exhcange 1s also observed 1n a PGAID
PGh systerm No details are gwen however

Expermments described m thas gve detals for preparation
of more or less hghly labelled ATP * without the need for expensne com
mercial enzymes (PLEmDERER 1961)

The mam purpose of this paper 15 however to emphasize the difficulties
amvolved 1 ustng incorporation of P* mnto different compotnds as an mdicator
for errors of glycolysss m the red cell ATP 1s the most ymportant carner 1
transphosphorylating reactions m the red blood corpuscle Simce 1n experiments
with P * the labellmg of ATP 15 not directly dependent upon the net flon of
metabolites via the PGAID and the PGK reactions and since the labelling
o2 high extent can be mfluenced by the redox equlibrium m the cell 1t seems
to be difficult to interpret the results of P * mcorporation expenments The
expertments reported here are made with hemolysates n ztro and 1t 15 not easy
to evaluate 1n the hving erythrocyte the proportion between AP # formed by
exchange reaction and ATP* formed by de nove synthesis Although the pyruvate
Mactate ratio 13 low 1n the cells the exchange 1s certamly of importance

'I_‘:: kdful ¢ ekt al ass fan £ Mrs Brrrr Mars ALeots gr t filly a kn wledged
1

estg i mhasbe n poxs ed by the Sw dish \fedcal Res b Counc 1
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Exatatory and Intubsory Effects of Vagus Stumulation
on Gastric Motdity 1 the Cat
By
J Marrosos and A \Mures?
Reer ved 30 Joly 196

Abstrace

Magyowsos § oand A Mures Exatatory o denk b togy ftsof vaous
t malation n gastn mot{ Iy n the af \cta physol scand 1963 57
309316 ~ 10 acute CXPEOImICHTS ON CAts gastAC MALOT TEpozses
wer gecorded durtog vagal sumataton with 2 constant frequenes
but with dafferent values of unpulse duration and vhage. W\ th very
low salues cardsac responses ouly were obtaned W th Tugher values
pure excitatory motor effects of the stomach were eiated but when
the values w re tacreased abone a cortam pomnt a gradual depreswion
of the response was obsenved  \ier atropmme the gastne motor
responses were abohsk & and pure refaxat on was the rewdt of
samylations whe R p evowsly had given nse o partially depressed
exatatory mesponses {118 uggested that o o groups of efferent fitemy
pfigenang gastn moukay ave presemt nthe s gas nene Sceordang
to th  trengtheduran n disgram both £b ¢ groups a ¢ of stualler
calber than the ardsoinhubutory £b o the wnhub tory fib s berpg
th tunnest ones The exenatory fibres appea to be  hobnerge

wher as th phib orv effect cems to be medmated by some other
tran mutter subst o

The effect of vagus sumulanon on gastne moukits has been subject xo detarled
studies since more than a hundred years Most studies are concerned « uth the
exestatony effect of varusstmulation but there ase reports on an ihbuory
effect appeaning under certam cond durng lation already
from the later part of the 19 cenmury MeSwixzry (193]) has revrened the
different imesugruons on the subject up to that ame Vanous explanations

Presen  ddrese \Mansledmngen, Stockbolm §0
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have been proposed cc g the h ponsible for the inhib
According to one opiion represented by Veacst (1925) mhibition occurred
when 4 high frequency or strength of the simulation was used and this was
related to the phenomenon called Wedensky inhibition This explanation was
criticized by McSwiney and Waber (1928) who found that the type of response
to vagus stmulation depended on the basal tone of the stomach contraction
appearing when the tone was low and relaxation when the tone was high In
1936 Harmsson and MceSwiney concluded that the mubitory effect m bt
be due to adrenergic fibres in the vagal nerves since nhibition was not abolished
by atropme  I'hus explanation seems to have been generally accepted and apart
from a few reports usually m connection with related problems vagal m
hibition has not been sulyect to much attention dunng the Jass decades BLus
sox (1952 1954) was able to elieit gastric inhibstion during stimulation of the
orbital region of the brat stem m cats Lhese effects which were found to be
conveyed via the vagus diappeared after atropine Groere and Hourz (1956
a} working with an solated vagus stomach preparation from guines pig
obtaed mibitory effects during vagus stimulation only 1n the presence of
atropine after mereasing the tone with histamune or banum chloride Thisin
hubition was abolished by sympatholytic drugs

The present mvestiyation was induced by the abseryation that gastric motor
responses were difficult to obtain when the vagus was stimulated with the
relatvely high values of voltage and impulse duration which were chos.n
duning, studics on the effect of frequency vanatons The results have bert
briefly described n a prebminary report (MarTrsos and Muren 1960)

Materials and methods

Txperim nts + ere made on 30 cats anesthetized wnth chloral
40 mg/hg body we ght) or with pentobarbitonc {30 mgikg) a
of food

lose and urethan (80-{}
frer one day s depm3

A tracheal cannula was nserted and the blood pressure manometer was conn:t;‘;d
to a carotid artery A latex ballon was introduced into the stomach via 1€ oﬁﬂph: o
connected to a float recorder via a v ater manometer and inflated with 40 m} ommf
Both varal nenes in the neck were carefully d ssected free from the sympathet g o
and cut centrally The distal end of the night or the Jeft vagus 3 af placed on a bpo
silver electrode and covered with eotton v ool soaked 1y warm hquid parafl \} encs

A sumulator gning square wave pulscs way used (Grass model S1) Thcd rr\qo‘ i
was kept constant throughot t the exp rment usually 4 ympulses per slm”“ PN
and impulse duration 3 ere varied stepwise according 10 2 fixed scale {
volts and 00} 00” 002 5 and 10 millseconds respectivelv)

Results
1l different mpulsc
at 4 smpfsee 34

Fig 1 gnes the appearance of a series of stumulations
ses successisely 19

Jurauons wiht the frequency 1nd voltage kept constans

volts respecusely  Wath a threshold at 002 msce the respon:
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3a

)

PULSE MATE

oA waTER
2w

Fg ) Hea rm(eandgasmcrn t
csponses 1o a s evof tmual

ncacy
¢ s mulation currens fept  onstant
asgfsecand 10 4 opear Iy

crease i size to 2 waximm at 02 msec Wath further merease of mmpulse
Guratian the motor responses are reduced i size Sumlar seres were made mith
different values af voltage and the general appearance of each senes was the
same with a duplacement towards hugher calues of impulse durauon whea
Joser voltage was used However when an tntenstry of dess than one calt was
used 2 reducuon of the response way pracucally never seen even of the ympalse
duratson was tnereased up ta 10 msee or mare From Fig 11 further seen that
the hreshold for cardiac decel, 15 lav er than that for gastnie
motor excitaton {See also Fig 4 whoch mcludes the sirength~duration cune
even for freart deceleration)

Fig Zshows an experiment w which impulse duration has been kept constaat.
{2 msec) and the voliage has been mereased 4 ath szall steps over a narrow
range 10 order o stuserate how abrupdy the sncreate and the decrease of the
motor responses develop  The last tho sumuiations i this serzes shov  that the
exciaton response 15 not completely abolished even with a considersble mn
ceease of soltage

The results obtawed were prinapalhy the same 1w 2l expenicnents
Stmulation of the right and the Jeft vagus gose smdar results and the type of
ararsthesia 4 4 not seem 1o be of amy considerable importante  As for the de
presaon of the vesponse with increastag soltage or duxation different chatac
wenstics cauld be observed
a; reduent n of the max mal hight of the response
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ase of oltage

Fg 2 Gastr ¢ motor respon es to a series of st mulat ns v tha st puise  Cre:
Fr quency and mpulse durat ors kept constant at 4/sec and 5 msec espect vely

b) interruption of the snitial nising phase
t) prolonged depression of the basal tone following stimulation
tenstics usually appeared 1n combination but they were not equally
in the different experiments They have been used as criteria on the inhibatory
effect (and are referred to as criterium a b and c) Most of these different types
of changes are clearly seen 1n Fig 1 and 2

The observations seemed to indicate that an mhibitory nfluence in""d
supenimposed on the excitatory responses when voltage or impulse duration
was increased above a certain value A further support to this explanation 1S the
appearance of the record after adminustration of a dose of atropine sufficient
to abolish the excitatory response (Fig 3) In this case therc 1 a pure claxation
of the basal tone During the 10 mun that separate part A from part B atropint
01 mgjkg was given and after atropme the basal tone %as icreased by 1
Jection of 2 bg dose carbachol (0 | mg/hg) When the same series of sumulations
as those given 1n part A were repeated a relaxation v as obtmed with sumﬂll
ations v huch previously had succeeded the maximn e et
actinaty could also be ancreased by inyection of lustamune 1nto the aorta at llhf
Jevel of the diaphragm The basal actnaty thus obtaned was 110 depressed Y
sumulation with hieh ntensity or duration These expeniments were repeat
with vanous modifications and 1t v as always found that sumuli Causins "‘e
hibition after atropine ah ays corresponded to stumuly + hich prior 10 3";;‘("r
had guen rise to partally reduced responses In other v ords the thresho o
snhibnton was the same before and after aboltion of the exatatory TO5PT

These charac
pronounced

1 responscs Th



FALLY Adl) raAs i R alistdaat e

D A S e o anand

Fg3 A Gast moto esponses to thre &l rent timulation swises with sanation of mpulse
drt n ndvlug F equency constantat4sec B Sam expenment repeated afier atrop o
{um mterval betw en A and B 10 punutes)

-
. . o we
- _—
b ;

wate
Fg 4 Stengthdurat ncuncs! the theshold al o5 fex tators and of nh b tary effects

I agus umlaton on wast  m ulity Thee bold  fues fo deceleraton of the h 5t bo
presmted ¢ mp o M an of 20 experiment

It was further observed that the Jatency of the inhsbitory Tesponses was never
more than -0 see and often 1t was considerably shorter Since cach expen

ment sncluded sentes of sumulations which usually covered a. wide range of
values for valeage as well as for :impulse & 4 strength 4

could be dras n for cach amumal including one dhagram for excitatory ;md one
£ir wtabitory thresholds

The geometric mean of the threshold values obtained from 20 cats 1n rost of

 hach sumulattons were wade on both right and left vagus s presented 1n
Fi, 4
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Ihscussion

The method of recordmg gastric motility by means of a halloon has been
subject to much dispute since the balicon 1s con 1dered to act a3 2 bolus ard
thus el g activities supenimposed on the effect o be studied In present
studies however the method has been considered satisfactery since the pnma
pal total gastric motor actvity demand on the method 15 to visuabze in terns
of excitation or inhibition

The findings suggest that there are two tvpes of efferent vagal fibres o
fluencingpastrc motility one exctatory and one inhibuory the latterwithh gler

i thresholds The rel. hp between the simulation thresha'ds
suggest that the cahber of the inhibitory fibres 1 conyderably less than that
of the exctatory ones which 1 ats turn ase of smaller caliber than the cardiac
decelerator fibres As to the enterum b of mhibition (see abore) the 1 nal

v response folloned by a dep supports this te the
nhibitory fibres are of maller diameter and thus of slower conduction véloaty

The vagus nenves to the abdommnal s1scera 1s found to contamn less than 3000

efferent fibres or less than 10 9% of the total count {Acostost ¢t of 1997}
nearly all of which are unmsehnated and of small diameter \o fur\hc;‘ u;‘
0 Wt

vestigatton on the fiberspectruma seems to have been made however
the present findings could be correlated

3 Inhibwion as desembed here seems to imply 2 partial dep &
actity no matter of what ongin In the ntact orgamsm a st
might be obtained by decrea.ng the basal nervous tone by mea

ssion of motor
Jar anfubuiont
ns of central

nerous fl Ihe inhib described by Euassion seems 10 be of ths
type. That mechanism hoy ever could hardly be resporsible for the ’“i“‘"‘::zg
tmul

described here since the vagus nenes were cut The efferent fibres s y
could of course also be assumed to act on myentenc plexus nene cells :“c‘d
elicrt ther infubitory action there on the other hand the inhbion obsert
1t the present i estgations was not abolshed by awopine gt

There seems 1o be no direct correlanon bens cen the results describes ! e
and those obtamed by McSwiNvey and Wance (1928) who conudere p
effect of vagal 1o be maynly dependent on the ymual tone Hx e -
1t must be kept in mind that when the basal tone 1s hugh there 18 Jess rod B
lefy for further exatatory effects whereas snhititory responscs mish‘;l’:;;
quite easily The reverse 1s true in the case of low il tone Fungcrmc“d:d
inhibitory responses obtained by MeSwrxey and ¥ apGE Y ere usually WHP"“‘
by a shight contraction which accords s1th cntenum b abore 'ﬂr::i K
do not melude an exact defimuon of the sumulation parameters U Lers oot
mmav be asumed that the inhilutory responses obtained by these “oin(s .
responded to the high threshold sumulations of the present b;?f’m”: ptarncd
results descirbed by Veac seem to have much in common Wik o res o
here Howerer be does not beheve that there s a special group
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mhitntory effect on the stomach Instead he attaches most wnportance to the
wole of frequency 1anations and relates the nhabitory effects to the so called
Wedensky snhibition which later on has been consdered ta be a fcrm of u(
haussion most likely of the h “The mhib;
by fow feg and ngh ity starind howeter seem to be of the
same character a8 those af the present investigations

The gentral opuyon that exatatory fibres ta the stomach are cholnergic
{Dare and Fripoere 1934 Greesr and Hourz 1936 b ) 1 supparted by the
present findwgs The whubnory effect however 15 clcar!y demonstrable after
a dose of atropme whith abohshes the p a finthng that
mdicases shat this effect 1 of nog cholaergic cmgm Harmson and \McSwsey
(1936) considered the wmhsbitien 1o be ehoted by adrenergic fibres although
they undeshned the fact that the shubitery responses obtamed by vagus
samulanon were not of the same cf as thase ob d by of
the splanchnic nerves

The short Iatency peniod rwdicates that no wdwect bamoral mechusm sn
volving the adrepals 13 responsible for the snhnbitory effects descrabed here

The exsstence of sympathenc fibres 1n the vagus has been dexmonstrated
previausly by several anthors (Raxson Forey and Avrent 1933 and otbers)
“Fhe resulis optamed by Grzerr and Howrz {1906 a) on ssolated stomach prep
aratons wte alse m accordance with this They obtamed slubitory efects on
ragal nerve sumulaton which were possble to abelish by sympatholytic
drugs such as dihyd: The vagal mbub d bed an the present

was not abohshed by this sub The il of this and

Telated substances however ou adrenergic inhubaitory effects as somewhat
doubnfal espectally i the bung anunal and oot so clear cut as the corves
ponding parasympatholytic effect of for example atropme The negatne
findings m thus respect could threfove nat be considered as copclusne ard the
problems requres further studies

Th pesent tude wa supp rted by grants fom th Fouby Med o Un emty of
G 1 borg
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The Basal Content and the Induced Biosynthesss of
Pynidine Nucleotrdes in the Rat Liver under
the Influence of Insuhn
By
Aa Rve Avewrsey H N Havees and E Warass
Rec ved 2 August 1962

Abstract

Arerrsiy A ROH N Havces snd B Wataas The basal
cntent o d the wnda ed by 3 thesisof py d ne ducle td 5 nthe atle  wnder
thowflu e famsuls Acta phvsol scand 1963 57 T3 —
The basal content of pyrd ne ninleotdes and the syntheas of the
coenzymes midu od by parenteral wjechon of mcotinam de hawe
been msestigated n the rat Il er when expos d %o the achion of
wsubn ad enabne and ACTH The basad content bas heen wvesn
gated afte ime tonofwsubin o ad enahine and ta alloxan diabetie
ats The sgnlcan ¢ of the sather small rapanons n the basal
cant mt gy ussed In the nduced synthesis of DPN the mection of
nsulin or ACTH has bees found 10 wterfere with thux process
gving A decreass w e elevat & content of DEN The honmone
a ton hasbe ar lared 1o the mechanusm of wncreased turaover of the
DI mol ule Th admn travon of ethignine Lhewse decreased
the of vated Ie of of DPN Thesgn feance of 3 egulatary wflnence.
of hormones on the nduced synthesis of DE™ has been dis

31 has been propused that the mote of action of nsele on energy metabobism
ss velited 0 an effect an the content aad turnoter of pyudine Bucleohdes
{Casars et af 1956) Only small variations have been recorded howeser in
the total consent or 1n the relame dusributson between sadized and reduced
forms mn the Iver {Grock and MoLran 1955 Howzer ¢ of 1934) The evalu

Abh nused DUN diphosph pyr dim nucleotd ond ad € om
DFNH dph phoprdin nujord red dfmm
TP\ mpt osphopynd ne hu lotid  ox dized form
TPVH tiphosph pyndin su feovd o ced { vm

Y 633015 At phy Laand ¥ 15T
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ation of these small vanations depends upon the expenimental procedurc used
‘With approprate extraction procedures for the oudized and reduced forms
(Ciortr and hapLan 1957) and with speatfic enzyme assay (Ctorm and
Karran 1956 Jacopsow and AsTRAcHAN 1957 Horzer ef af 1958) rehable
results can now be obtamned 1n these investigations

The basal content of pyndine nucleotides after the mjection of msulin or
adrenaline has been investigated 1n the present study Only small vanations
were obtaned 1n msubin treated amimals Adrenaline was found to be without
effect Because of the conflicting results reported 1n the Literature on the basal
content of pyridine nucleotdes 1n alloxan diabetes (Grocs and McLr w 1923
Hovzer et af 1954 Greensaun and Grevmorr 1956) this problem was re
investigated Essentially the same results were obtamed as those reported by
Grock and McLeax (1955)

It has been shown 1n the present work that insulin produces a decrease 1n the
elevated DPN content 1n rat liver induced by the parenteral admimstration of
nicotnamide This metabolic system which has been thoroughly s estigated
by RapLaN et al (1926} 1s a valuable tool for mvestigating metabolic altera
tions 1n hver cell metabolism The enzymes concerned 1 the biasynthesis
have been investigated by Preiss and Hawprer (1928) Stillmany questions
are unsettled however about the mechanism whereby mcotinamde nduces
synthesis of DPN oo I vtro addition of nicotnamude to hver tissue prepd

' ration does not lead to a synthesis of DPN

In the present study the effect of ACTH has also been myestugated In e
perments of short duration a decrease in the elevated level of DPY was founlt}
this decrease ben, approumately of the same order of magmtude as with
nsulin

Materijal and Methods
hroughout alf the expenmentt.

ed ]
Grown albmo rats werghing 250—300 g were us e abet by the uyection

Production of alioxan d abetes Groups of rats  ere made al 3 Tloxan
intrav enously in the tail of 0 15 ml of a solution contaming 70 mg/ml (1 ¢ 3 mg “Iz e
per 100 g rat in one sngle dose The rats vhich showed perman nt glurmﬂurh ot
5 lected for the investigations The animals were used 1 experimer ts 3—+ weel
the inpection of allovan. a

At {he time of sacnfce blood sugar deterrmnations were made In llhrse’nrrcx t:‘:]‘-‘
hyperglycemic level of blood sugar of the order of 200—300 mg/100 ::1 ;‘};‘“ e and
Biood sugar determinations were made by the glucose ovidass mes}

Aoy 1957) Alloxan was a Merck product ton

Hormane 1 ject ons Groups of animals were g en wnsulin one hour brforeu:;l::l’l‘;; n
These animals were given tnsubn Vitrum 0 ) umit per 100 g l"‘"‘:;]"" opected n b
ven Other groups 3 cre g en mnsubn  Retard 01 unit per 100 €30

1 of
ml‘;‘?mm'y was njected on lour hefore invest gation 1 doses
20 4igf100 g Fat four befere

‘\é/m was smeeted 1n a dose of 5 1 U ( Jaton prolongatum } enc

sacrifice
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Table I The basal content of phosphopyredine nucleotsdes 1 the luer w allovan diabeles and ificr
wyection of insulin and adrenaline The rats had been  fasted for 18 hows

01 umt 1nsulin per 100 g rat was wyected intra enously 1 hour before nvest gat oo,

20 g adrenaline per 100 g rat way wmyected subcutancously 1 hour helore e rat ashilled,
The values rep csent g per g 1ver

Experumental No | Content of Ratio Content of Rato
of | }oewny TR/
rats | DPN [ DPNH {DENH | TPN [ TPNH | TPNH
Gantrols 10 [#19510[1452 [312£008[83 44|39 10[022200
Alloxan ds betes 13 {4144 19)162 = 7|255 £ 00652 + 5]3624 15| 023 00l

Coatrcls 4 |392410[133 & 6}2964 013|554 4]353 £:27|01620016

Insulininy ction 4 [#64 118|110+ 9417 £ 033[5245(341 £ 6]o15L0017
6 396 4 141124 + 10| 330 £ 026 | 56 1 4{353 £ 16| 016 1 001
9

Controls
403416(109:L o371 £ 030544 1{345 4 14[0 16 00!

Adrenal ne nject on

atist cal  gruficance of the d Herences
Yo ndabtest wse tIs DPN P 015 DPAH P 00> Ratw DPN/DPYH P 001
Iusuln tersus ntols DPN P 00° DPAH P 001 Raro DPYIDPNH P OG

TPN Lot 30 B-623 16 punty 98—100 /

DPNH Lot 80 B-705 purity 90 ¢ TPNH Lot 30 B 63+3 punty 97
The preparations used for injection exper ments werce

N 1 1

Insulin Vitrum 40 uruts per ml Apothehernes Laboratorium Oslo

Insulin Retard Leo NIL  Protamun mnsulin cnst 40 units per ml
L-Adrenaline crist codex Rhone Poul nc Pans

L-Ethionine Sigma Chem cal Co

ACTH ( Jaton prolongatum ) 20 umts per ml Apothehernes Laborator um O lo

Results

The first results presented n Table I concern the basal level of the four ypes
of pyndine nucleotides 1n i er extracts from control ansmals Also included are
the valucs obtaned with Liver extracts from alloxan diabetc or msulm o
adrenaltne treated ammals These animals were fasted for 18 hours bd'uﬂl:
sacnfice to blish basal exp { d and to sccure the opuma
conditions for insulin action The effect of starvation on thie content of p()in:}l‘m‘f
nucleotides has been spvestigated by GLock and McLeaw (1J55) an f-;;
results shall be shortly summanzed before the present tesults are dt;;ll:;ful
These authors found that stanation for 24 hours did not dcamﬂ; ¢ :] e
content of pyndine nucleoudes A greater fraction howcver of the dip
phop)-ndmc nucleotides was found 1n the reds
1nvel of TPNH was bhhewise recorded while e tions
(10 pglg) 1w their expertments both 1n fasted and fed conditio

uced form An increasc i e
TP\ howed very lov salues
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\ cotgamde « as d ofved 10 salne and mjected wntraperitoneally 500 mglkg
Ethiomune was Ik wise dissolved 1 saline and njected ntrapertoneally 1 a single
dose of 150 mg per at of 300 g anumal wesght

AneDytwal pro edue Th preparat on of the liver extracts for the enzyme assay was
performed acco ding to the method of Cottt and haAr.aN (1957) Exasion of the
Iver wa made immechately after the ammals had been scarified by a blo v on the head
and bled To avod any spontancous oxmdation of the reduced pynd ne nucleotides
n the extract the ext a t v ere hept at pH 10 Tt s known that w th the aid of oxygen
i the air and flayines n the extra t DPNH and TPNH are oxidized at neutrality to
DPN and TPN respect ly (Smcew and hraraey 1950) At higher pH the reduced
pyndin  nucleot des are more stabl (brncExsrre and Stevczka 1959) The per
cent reco ery dunng the ext acton p o edures  as controll d by adding internal
standard  to the ext act on medum befo  the tissue was added DENH v as re
covered wath 107 7 and TPNH+ th 98 , (mean values}

T expe ments on the wdu ed syathesis the eatraction of the Iner tissue for DPEN
det rmunation y asdone in 5 / TCA or n 5 / TCA + 01 N nicotmanude added
Identical amounts of DPN e reco ded by the o proc dur s

The q antitatin  determunations of the pyndine nucleondes er performed by the
fluorometnt meth d ongwally mtrodu ed by Careenter and hobicen (1950) The
det rmunations 1 e ¢ made on a Farrand pect oftuorometer With the exception of
DPNH the enzyme as ay of JacassoV and AsTrRacHAN (1957) was used for the mic o
det rmin ton of th pyndine nucl oudes The fluores ent methy] ethyl Letone ad
d tion p oduct was p cpa d accord ng to Crorms and Kavran (1957)

Becaus of t DPNH peafic ty a glyc hosph delnvd, \ as 1
m th enzyme assay (Holzer of ol 1958) The rea tion mixtwre contamed 05 ml of

005 M sodium ca bonate buffer pH 10 0 2 ml of IM potass um phosphate buffer pH
75 00l mlaf tr ¢ phosphate solution
dehyd;

DPYH at varous concentratrons and € 02 ml
of ¢ gl e b for 5 mun at room t mperature
01mlof 50 TCA vas added Fluo escense was dev loped by methyl ethyl hetone
In the deterounat on of TPNH 0 1 ml of 2 X 10 M owdized glutath one + as used
tw ce the concentration of that r ported hy Jacossos and ASTRACHAN (1957)
Materials In the enzyme assay pro edures the foll wing enzyme p eparations vere
us d  Alcohol dehydrogenase { om yeast C F Boehringe & Sochne Mannh im The

tock sol tion contamning 100 mg in 3 + ml v as d luted 1 40 before use wath distilled
y ate

1 oc tric dehydrogenase S gma Chemical Co The p pa avon contamed 14 or 20
R ch umts/mg B fore use 3 mg was dssol ed 1n 15 mt | 5 M Tps-buff  and 1 ml
d t water
« Glyc ropho phate dehyd ogenase from muscle € F Boch tger & Soehne The
toch solution ont wed 10 mgfml In the enzymat  te t was used a solution ontaimng
15 p1 stock solunon and 200 gl dist  at ¢
Glutathione r du tase S gma Chem cal Co 6000 Racker un t /mg 1 mg was dis-
ol ed n 5 ol dist water bel ¢ use
Th following substrate p eparations v re used
Trio ¢ phosph tes luton Nas ktofd hydroxya etone pho phate and gl ce aldehyde
phosphate G F Boehnng & Sochne about 002 M of each
Glutath on S gma Chemucal Co
Sod um 1s0-¢ trate S gma Chemucal Co
Th pyndn nucleotides used for the p eparat on of tandard curves and for
o ery experuments, ere all products from S gma Chem cal Co
DPY fromy at Lot 40 B-627 7 punty 98
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Tubie I Induced synthesis of DPN wi the 1 ¢ et ofur ~ecsun
of wsulin

N cot namde was irjected 17 Yours prior to investhigaace.

G { unatinsui o per 100 g 1 L had been \ngected mtraventes § o
bel re investigat on. Dhon (2 ted rats  cre wed,

Eaxpen nental Content of
DIy DPNH
Hgper g Hgprg
Controls 75 0k ab2 PSSE)
U} )
Insulin 2120+ 354 w=lb
3 )]

¢} Numb r of an mals.
Insuhn wer1s ot s DPY P>02 DPNH P 01

it may therefure be concluded that msuhin introduces a small i, case 12+
total content of diphosphopynidine nucleotides thus effect bang easer b
demonsuiate m fed wumals which can draw upon thar external supph “
the osynthesis No significant effect could be recorded m the basal led
pyndine nuclcotides fter my, of i

The mduced synthesss of dipho phopyndine nucleoudes wis used 12 4
present worh for lucrdating bolic al due to hormone acko- Ta
results obtuncd are presented 1 Table IT and 11T\ group of noa fsted =

.
Table 1T Induced sothesi of DPN an the ler after wree t 3 of w0357 70
and ethonine

Jusuln 01wt per 100 £ € 10y cted subcutancousty [ hay besere @3 o2 g3

fdre alise 0pig 100g mected subcutancously 1 hour before 1. eoo.nd - -

\CTH 51U (J wn ) wyected coae { wxx bkt

Eth nine 150mg dissoled m 09 NaCl, ayected Thow & ~t € £ was bt -
Tt asb-

~ue tnamde 1 as myected 1 hours before imest gt A onTeS

el for 18 tours. -
R

t o of ancmals i ,
e noentad E‘—’”’“w .
e

.

(S 8 > l ey
tu 8 ‘ +
Wit 4 1
' 3 -

B
~ ~ hatée of the difference of DPY ¢
- 5 PZO0Y ACTH erses conire,
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were injected 7 Uy with nu fe 500 mgfhg rat weight
which gies a maxumal response as reposted by barrax o af (IQSG) The
ralues gven an Table IX mcludes the level of diphosphopyndime nucl m
rat lner extracts 12 hours after the of de In dance

wath the observations made by other meestigators a Iugh content of DEN was
found TIn addition 1t was observed that some increase could be xecnrded wn the
reduced form but as mentoned eather no effect could be obsenved 10 the
wphosphopyndine nucleoudes The mjection of msulm did not sigmficantly
alter the level of the DPN or DPNH in these fod animals In fasted ammals
however a significant drop in the content of DPN was recorded as a resuls of
1nsubn action In Table III the values for the pyndine nucleotide content i
fasted contrals showed, a decrease compared to the fed control group Obwiously
the staration was respansble for a restncton of the mnduced synthests thas
being possible connected with a defict sn the adesne and nbose phosphate
moieues the meotnamide portion of the molecule being accessible i excess
Under these cond the of wasubn d a bol
ation 1 the lver which resulted w a further drop in the content of DPN
Since theinsuhin affected theanducedsynth fDPN butwasrather
unreactive with respect (o the basal content one had t9 assume a fundamenzal
difference in veactwaty between the DPV in the resting biver cells and the DPN
ongwating from an extemmal precursor The hypothess was made that thus Jast
type could be regarded as a rather labide froction without any other speciaiized
basal funcuon than that of other tnoch 1 5ystems
As will be d below some latory h of hormonal nature
seems to control the level or induced DPN m the bver In the worl of Gaeey
casrDp ef af {1961) on hypophysectomuzed ammmals the admamstraton of
ACTH (8 umats darly for § days or one smgle anccﬂ()n of cortisone acetate
5 mg 36 mun before of 1y normalized the
ugh levels of DP\ present wn the ners of these h\,poph)secwmlzed animals
Tt was found of interest to test the effect of ACTH on the induced synthess
of DF\ 1n normal ammals In the present expermments the ACTH was ad
msmstered as one single dose at a ume when a hugh level of DFY was present
s shown in Table 111 a sigmficant drop 1 the content was obmuned The
regulatory effect of ACTH was thus confirmed 1z normal ammals To test the
system wath o substance which would nterfere x 1th the enzymauc DPN SR
thests use was made of a single injection of ethsorune  As shown m Table 11T
the mecuon of ethwomne gave a lower net synthesss of snduced DPS sumalar
to the effect which has been desenbed with azaserine
As the decrease i net svathesis obtamed by msul erther could be attnibuted
1o an inbub of thy oF to an d turnover of the BPN mole
cule the effect of insubin » as recorded at different ume mtenals 1n the mduced
syathess tsshos nin Fig 1 the level of DPN d with ume toa 1
satue Thas s as reached ac an carlier stage under the expermceatal condiions

alter

o
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Fig 1 Tme cunc for the wfluence §
mnsultn o1 the DPV content or rat by e
after myecuion of mueounamude Al am-
mals were sajected intraperitoneally w th
500 mg micounamde per kg body we ght
and klied afier d flerent umes, 01 vat
wsulin per 100 g rat was injected intae
venoulsy [ hour befo ¢ n et gatwn,
The rats had been fasted for 18 houn.
The cuncreprescnts m 3 values
() Dumber of anumals.

used 1n the present work, than 1s reported by other workers for expenmens
with fed animals The insulin treated apimals showed a lower content of DPN
1 the hiver extracts at all tme interals investgated
Tt was found of interest 1o ivesugate the effect of msulin on the content of
DP 1n muscle ussue under meotinamide foading Muscle tissuc belongs to the
group of ussues which do not respond 1 1th induced synthesis to mcotinamide
njecuon n contrast to the group which readily responds (ncluding lner
dney spleen tumor ussue) In Table IV 15 recorded the level of DPN 1 the
rat diaphragm 3 hours after de iy Although the levels
recorded v ere shghdy higher than the basal values no snhibitory cffect could be
observed 1n the msulin treated group Prehummnary expenments on adipos
ussue seemed to indicate that this tssue also was rather msensitve 0 31
rucotinamade myjection and an insulin cffect could not be obtaincd
The results reported by Mirsny (1927) on the hyperglycemic acuon of
de pi d the imesugat on the blood sugar level s the

p
nicounamide tnjected ammals The results are presented i Fig 2 A furh

Table [V The content f DPN w the diaphs gm fi
Jetun f ncotmamide

N cotinamde aad 00 v ns In Reard per 1008
at w  njected subcutancously 3 bours Left
ot gation. The r 13 had been fasted fur 18 houns

Co tent of DPN jig per g

Contzol Trsulin

585+ O
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¥ '2 The h'pcrgl mec eff t of
g Y x)ntb bsen and
gt umc: fms\x!mm)mnisﬁg
uuhxchhadbccnful:dfrlﬂhun
wer used Al mpecti s eed noat
o tun
— In)ccimno[mcumamxd (500 mg
P kgx.m Pt neally)
w  Subcutaneous mnject n_of 02>
units msulm, Ret d Le (P ot mn
nsuln cryst.
N otmamud and msuln
iy cted multancously t  bume.
curves ep esent a  age alu -
f m4 tsneabgs up

a4
¥
-

Booscrms

¥ ¥ & 8 5

tapid wncrease foll g the ad of de was ded In
the insulin treated ammals however no increase 1a blood sugar could be found

The hypoglycemic response was present n the first two hours but in contrast
to the hypoglycemic response m the insulin control group the length of the
hypoglycenuc penod was shortened wn the group of ammals exposed to micotin

amide The blood sugar determnations were performed by the glucose oxidase
method The mechansm by which the mcotinamide increases the blood sugar

in {asted rats and shortens the hvpogly P of msubn 1sunk

More work 1s needed to cvaluate any correlation between the nicotnamude
nduced DPN synthesss and the elevated blood sugar

Discassion

There scems to be a difference in reactivaty of the pyridine nucleondes whach
are connected with the basal content 1n the resting Iner cell and the pynidine
nucleoudes winch are produced by the supply of an external precursor As 1s
shown 1n the present work tlus last group normally shows great fluctuations
and reacts more readily on hormonal and putntional influences The basal
content on the other ltand showed only small vanations even under conditions.
of severely impaired metabolism as m alloxan diabetes The only conditians
which can severely affect the basal content are the treatment with azasenne
NarroD ¢ al (1961) have found a decrease 1n basal costent 1n mouse Iner
DP\ when azasenme was mjected before sacmfice The values dropped
from o pglg Uver to 143 pglz The effect was reversed by the concomutant
wnjection of mcounamde Similar observations have been made by Lancan
et al {1939) These authors have 1 d the diphospt dine nucleo-
tides only As pointed out in the present v orh, the small altcmlluns recorded
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the basal lmel, concamn the diphosphopyndine nucleotdes onh Whether
azasenine o compounds with smlar effect, reduce the wipho phopynding
nucleotide content remams 10 be seen.

In the present work 1t hus been recorded that the induced biosynthess efd e
diphosphopyndine nucleoudes can be affected by insubin and ACTH, as+ ell
2s by ethsonine, i fasted 12t Iner In each cae a deqease in net syntheus was
recorded. The quesuon then ansed whether the acuve agents whibied the
synthesis or actiated the normal turnover or whether the breakdown of DPN
was accelerated. The synthess of DPN requires beudes the supply of mico-

de, 2 mobil or an 4 Lesis of the ovher comp n
the DP\ mrlecule, Suuster e al (1958 2, 1908 b) have found that wjection of

de gives a net 11 the total acd soluble adenine, nbose aud

nicotmnamude, but they found no detectuble changem th of frecad:
nucleotides as a result of this synth The partiap of the ad
moiety 10 the induced synthesis hay been discussed by the same authors, who
imestigated the tumoser of [* C) labelled nbose 1 Iner afier 1jection of
mcounamde. They found in fact a more repid turnover in the adenine nixse
afier srjecuon of de than in the de nbose, In the nermud
cuntrols hbowener the wst rapid turnover was found in the nicounamide
nbose.

Nazzop e o (196]; have miestigated the wncorporation of the vanow
moienes of DPN in the presence and absense of azasenne afier mcounarade

They Juded that prod d a more rapid rate of de
struction of the coenzvme compared 1o the rate of synthess Pros £ of tus hypeor
}:ms Wes 1ndicated by the observaton that azuserine produced an inaresse 13
Lnnarv secrenon  f nicotinamude metabolites. The DPN asc 1 28 not affecied
by azasenne

Enhancement { the tumnener as well as the breakdown  fmduced DP\ ca2
be a.sumed 10 oceur 23 4 result of hurmone injectian Tnhubst m of e 5 ral
tumorer has been recorded by GREENGARD et af 11261, 1n iy pophysectom.zed
ammals. Pretreatument with ACTH or injecu n of corus ne acetate before the

! of de prevented de extemsne and loaglasusg b
Gease 1n DPN which 1 a5 recrzded 1n the hvpophnsertomized ammals.

In the present work 1t has been shown that te Wdmunistratio s {insubio o3
s cll 25 ACTH 1, normal fasied ammals lowers the elevated level of induced
Iner DPN\ As i ese hormones exerted 1s action on the preformed elcrated
costent «f DPN 1n Uhort ume expanmerts one had & assume thatif € hormo .o
acied o a rather rapid metabolic comver ra process Wred o de bwf:’onﬁ
ot by inarezing the rate of DP\ turnner or whether an acusating & ect 18
exeried on DPN<patting enzyres. cannot be decded frum the prescnt wo &
Ths problem will be funther insvesugated "

Toos w ek has berm s iated by Graos froms the e Lisve Fud ™ urss fosun i)

2 wwran Rescarch (o) fr S¢ o aod tx Husmaber
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Some Propernes of the ATP Dependent Na~ Buinding System
of Rat Brain Microsomes
B

Jonax Jarwerecr and Lars ViCTOR V0N STEDINGR
Reconed 4 Sugust 190

Abstract

Jarsersrt J and L.\ vov Stepinoh Some propertes of the
TP diperdent \a bindn  9stem of o ban momeons \cta
physiol scand 1965 57 3 8—338 — The \TP dependent binding
of Na* jons by microsomes 1solated from rat bra n 15 desenbed  Data
are presented on the stabilny of the bound sodium under amous
condinons. The preapitat on of the microsomes at th end of the
ncubanon v ath trong salt saluuons stab lizes the bound sodum.
The los est blank values are obtained  th NaCl as preapuat nv
agent probably duc to the 1sotope dilution effect Th prectputation
vath 1 M N\aCl 1s adopted as the standard procedure Th bindin
of sodium 15 dependent on the concentranons of ATP and of \a
ions 1t1s peafic for VTP as other nucleoudes do not promote bind
g The bindwng s mnhibited by 5 mM calaum Dunn  the condt
uons of incubanon sodium 1s bound reversbly and an exchange @
therefore be obseried In this exchange react on the rel ase of sodium
from the parucles appears to be inhib ted by 10-* M ouabar

Tt 15 concluded that smilanties between th Gescnbed Na b adig
system on one hand and acuve transport and th  mcrmomal Na
dependent ATPasc on the other hand make ( peraussbl 10 assume
that the binding of sodium ma  represent part of a o echansm for the
acu e transport of ons.

The differcnce 1n the concentration of sodium and potassiuma jons bets re?
the intracellular and the extracellular fluds 15 due to an encrm requinds
mechamsm i the cell membrane capable ¢f trinsfernng U ¢ 1ons fron 3
compartment with a lower electrochemeal potental to another vath a Foher
The followiag abbroviations are wed ATP CTF GTP ang UTP the 5 u plowmaios of

adcnosat, udine guaneun and undine respect  ly ADE aden o topous 2 \‘n’\;:
2n ensyrmic actnty caws g th b croly 5 of \TF 10 \DP and worganc T % 4a R

bosuclae 3ad Trs, trimib droymethyly- muotcthar
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potential That this process ¢ ¢ the actne transport denves its cnergy from
oxadatrve phosphorylation and more specifically from adenosie tripho phate
or other high energy compounds has been shown by Hopeary and hnynes
(1955) and by CaLpwerw et al (1960)

The exact mechamsm of the active transport 15 still quite obscure Recently
1t has been shown 1n several laboratories (Snou 1957 1960 PosT ef ol 1960
JarxererT 1960 19612 1962 Dunnamand Gy 1961 Deut and Mcliwan
1901 Bowrmne ef al 1961) that subcellular fractions matnly of the nucrosomal
category contamn an ATP hydrolyzing actiity which 13 dependent on the
presence of Na*t and K+ jons This ATPase shows many properties which
1ndicate its close relanonship to the process of active transport On the other
hand the mode of mnvolvement of Na+ in flus system has not been clanfied
Dunng the homogemzation of the tissue the essential property of the cell
membrane of having an 1nside and an outside 15 lost and no net transport can
of course be observed in systems of b frag; only
Conclusions can be drawn only by analogy and 1n the case of the ATPases by
the fact that the hydroly 1s of ATP 15 the most hkely reaction to provide the
energy for active transport Recetitly however 1t was possible to demonstrate
an ATP dependent binding of Nva* 1ons in rmerosomes 1solated from rat bram
{Janrnerery 1961 b) The present commumeation reports in more detail some
of the properties of the Na+ binding The characterstics of the binding are not
incompatible with the view that the bound sodium might represent the form
m which 1t 15 transported through the membrane

Methods
P tparation of mucros mes f mratbr n

The mucrosomes were prepa ed as d scnbed ea her (JarnErzrT 1962) They e
suspended 1 025 M su ose n a final olume of about 05 ml pe bram Thi ga e a
P ote n cont nt of about 10 mg/ml of suspens on

Reagents

The  gents usually were of analyucal grade Sodum ard p tassum salts
a oded hen not mtent onally added and where necessary con erted to ir  salts
through th use of 1on exchange resns ATP was ohtamed from § gma, Cherucal Com
pany as the nstallime “a saltand NaCl from the Radiochem al C nt Ame ham
England Quabam was the product of Merck Darmstadt, and + as obtaned through
the courtesy of Dr H Wallgven

Ay f vabidg

The b nding of sodium 1o the m crosomes as stud ed n the following 1ncubation
mixtuse with a total olume of 1 ml Tris HCI buffer pH 75 20 mM MgCl 4mM
N\aCl 100 m\M ( « ept when peaified oth n se) sicro ¢ 173 mM and mscrosomes
from about one at bra o (about 3 g proten) ATP 1o a fin } concentrat on of 4+ mh
wasadded at 0-im aft a p ancubat on of 24 seco ds The experiments were carr ed
out m Sp nco na 40 luste oid tubes at a temp rature of 30 C with ‘ary og usuall
quite sh 1t incubavon p riods (3—120 sec) The caction + as stopped by th- add 1
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Tabe I Muyos mad ATP dependent
biedrg of Ao The blonk walue 420
a1 ron was 5 bureted. Irbewn
sz 12 sec

ATF added mM Counts/10msa

0 P
4 2,210

f 10 721 of 20 1ce-cod soluvon, 1 M .o NaCl, buffered wath 20 mM s HCL pH 70
The microsomes weze then sedimented 1n th Spinco model L centnfu ¢, roter ro. 0
at 105 000 g for 10 mun. The pellet was w.shed once with 13 ml of 1 M NaGrns-HOL
resedimented, and the radicacraty remanung 10 the pellet way mesured 1a 2 well
santllanon counter

The “4Cl m the mcubation murture contamed about 1 4C of “\aCl, g 1rg abo t
14— 17 / 10* counts per 10 mun,

Deermnasn o f Protein

Protezn 10 the onzinal microsome suspension of 1 the Snal pellets was deterancd
by the Bruset reacuon using tbe procedure of Goroaty et ol {1339 The suspaica was
a~rfed with deon cholate

Resalts
TEe Lundang of Na~ by o cmes

Table I alustrates the ATP dependence of the binding of N\a* th bram
m crowomes Usuady 2 4 to 6 fold increase 1in the mutial sodiur ncorporaif
rate 15 seen 1n the presence of ATP In the expenment shos o, the blank tandirg
bas been subtracted.

In order 10 understand the binding phenomenon better 1t 15 ¢f $o°ne watersst
10 obuaun 1wformation on the siabibnn of the bownd sodim. As wdscated the
rezction was termunated by the addinon of see cold 1 M N\aCl soluuon. Tbe
2501 + By thus stops the reactin could pardy be due o the culling uof Le
solution, parihy the high 2lt concentraws n may be the cause To e 3 €
he latier point varving concentratons of NaCl were used 10 st p 1} e TeAct-
s well us other alts, such as hCl and ammonum sulfate  [uble 11 shows
some results The .mount of sodium bound 1o the pellet i absence of ATP
does ot sars sery much with varang © ncenuations of MaCl wlereas abo 1
t 30e o8 moch 15 foard s bea 1 MACH or 1 M ammonum s\dfaxcux...cd.'nf
1.crezsed blarl badiog s probably due to the absenee of an woupe diluaus
efect. Tle excms N2 1wwnd 10 the cxperurents whae TP was o
1sareases soghtly with irereanng Na concentration in the wasbury mcﬁlu:d-
When hClas wed s ead £ \aCl, an equal AT depencent bi. ding is ¢ bsen "
L in b cxpenment  1th ammorsum sulfate the smoant of buand Na

od i ot hane
ol abont bt Many expenments of the type sela ed .d;ol € an L s
o e g 1eus03 10 bebieve that the Hank bunding s ¢t duc to
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T 8 I Amourt of dioact iy found wn pellet uoin,, tarous Ut media for stopping the
react on The totel radiachunty is gen 1o 0 time values ha e been sublracted Counts| 10 mn
Incubation & me 6 sec n pr sence of ATP

Washingm dium ATP1ndependent ATP dependent
counts counts
Esperiment 1 NG 450 ? 634 1,204
LR 100 20630 1,563
NG TONM 2131 1467
NG 10M 2401 1881
Experment ? B 10M 5612 16%
Ammonum sulfate ) 0 M 4115 813
T ble T The amount f ATP dependent
rad oactr ty n pellets obtatned with
7 rious pH values n the st pping
meduen Ingub tton time 6 Theraluss
1 unded ffmeans f2lo4sep ate
{etermnat ons
pH of washing ATPdep dent
med um (1 unts
N CD
40 700
45 1400
55 3,200
60 2800
75 3000
85 2000
of sodwsm to the microsomes but rather h: 1

by the suspension medium

If trichloroacetic acid perchloric acid or dilution with sucrose were used to
stop the reaction no ATP dependent binding was chserved

In Table IIT the effect of vanation of the pH of the 1 M NaCl added to stop
the reaction 15 shovn Between PH 55 and 75 a rather constant binding 15
seen At the extreme pH values some dechine 1n the ATP dependent binding
15 endent

The determinauon of the protein recovered in the final pellets indicates
that about 60—70 per cent of the protem oniginally added 1s preapitated in
the procedure used Withun one senies of expenments the recovery 15 very
constant shotng a vanation m the different tubes of not more than 1—2 per
cent The addwuon of the various ct ls used 1n the does not

alter this recavery It seems fauly safe to assume that the same fraction quali
tatinely and q ly sal ays

d and that the vanations scen i
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Table IV Dep ndence of Na* bindt on the
cont ntration of ATP Incubation time § scc

ATE mM Count idm n
Amg

Bspenment 1 0 123
o 137

16 202

20 304

27 413

40 416

Lapeniment 2 a0 Iy
3.0 353

120 377

sodium binding express vanations 1 the reactnity of this fraction towards
sodum

Dependence on the conceniration of ATP
The amount of bound sodium n the pellet 15 dependent on the ATP con
centration of the reaction medium (Table IV) A certain threshold concentra
tion of ATP seems to exist since below 1 mM ATP very little binding 1s scen
At a 3—1 mM concentration maximal binding 1s obtamned Partly because of
this peculiarity of the ATP dependence partly because of the very Ingh ATPasc
of the microsomes the determination of the usual hinetic constants ks not been
'm!cmptcd
Dependence on the concentration of Na
Ty 1 illustrates that the binding of Na 1s lughly dependent on the concen
trauon of Na* 1n the tncubation di Sinee 1t was Glished that lugh
concentrations of NaCl terminate the reaction 1t 1s not surpnising that ¢ shght
deercase 1n the binding rate 15 observed at concentrations above G AL vqua
ths induces in the deter of kinetic for the reactiun
I'rom the double reciprocal plotshownin Iy, 2 ak,,0f01 M\ s cbaned
and we thunk that this value 15 meaningful

L Renl

Nucleotsde spectficrty

Only ATP of the nucleoside triphosphates is able to mnerease the Wnnding, of
Nat+ by the microsomes Some data on the specificity are collected 1n Table ¥
The ATP speaficity 15 1n good agrecment with observations on the Na depend
ent ATPase of the microsomes unec an Lacrease ul the actvity 1s caused by
Nat only when V1P s the substrate even though the other nu:l:(mdc‘m
phosphatases per s¢ are about equally actine No cinaty is scen s ith Ul) d‘;
the Na+ binding assay  \ddition of other nucleofides together vath AT dr
not alter the activaty obtained v 1th the latter alone
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£C|
300
£
s
Fg 1 Dependence of sod £
wn mcorporat m oa the 5 100
concentrat n f sodyum n
th mcubaton med um
Incub t on tume 6 sec nds. 1

150
100
S
£
<
€
S
B0
Fg 2 Ln eaer — Burke pl £ of the data hown
wFgl
O g @
Vg ~ &0 C/0m my
By ~01M

Inkabition by calcum

The binding of sodtum 15 strongly inhubited by the presence of calium 1
the incubation msture (Table VI) Jtis to be noted that Ca** 15 kncwn ¢
wlubst the active transport of sodium and that it alo mtubits the Ny depend
ent \TPase of braun microsomes {JARNEFELT 1J62)

The stabiltty of bound “a dunng th conditions of incubation

From the standpomt of the mechansm of the binding of sodjur 1nd us
relation to the actine transport 1t 18 of some ymportance o eatul Inh 3 hether
the sodium has been bound irreversibly or v hether 1t can e dctively 1 an
ATP dependent manner released agan In the latter case st 3ly I be possibn
to observe an ex hange reacuon Atempts © do this lave beesy made ™

2263015 44 phys 1 4V 157
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Table V. The nucleotide spec ficsty of the bunding of sodw 1 by murosom.s Incubation tim. 6 3¢
The appropriate blank values were subtract d

S bstr te Conce t tan Count /10m nXmg
M
Experment | None — 75
\TP 40 353 (+2.8)
CTP 68 153 (+ 78)
CTP 78 80+ 5)
uTe 70 107 (+ 32)
L peniment 2 Nore — 178
ATP 40 428 (+250)
are 34 Ll (—~20)
Expenmeat 3 N ne — 1"y
ATP 40 365 {746}
ADP 40 109 (— 10}

Table VI The efect of calewum on the buxd g of soduan
by mucrosomes Incubation tume 12 sec

Count /10 mun

Expl  [Ep2
No ATP 387 3
4mM ATP 2 460 2847
4mMATP + SmM Ca 724 683

abruptly altening the speafic radiactivity of the sodium mn the ancubation
medium and obsenang the amount of radicactisity n the final pellet after 1
additional mcubation period Table VI contains the data on two experiments
In the first the speafic radioactivity was reduced 1o one third by dilution with
a twofold volume of a solution o1\ i ¢ NaCl nd
m the other the speafic activity v as mereased twofold through the od
dition of more  NaCl 1 a very small amount of total \aCl Both types of
expeniments indicate that a much more pronounced change m bound sudwum
oceurs if AP 1s included 1n the added solunon It was established in separate
expenments that at the moment of thus addiion usually one minute after th;
mtiation of the expeniment only negligible amounts of the anguially :dd:d
ATP remained To us the ATP dependence of the sodum binding 1o this Lin
of exp d an b tvpe of binding, v here the hound ysdm;r:‘
1on s released and immediately replaced by another The exact dampunn”
this exchange must av aut further experimentation since 1n addma’ﬂ ‘urh
changes 1 the total amount  f bound sodum scem to take plice when
assay muxture 18 diluted and when Af1 s added to it
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Toble VIF The [ tof asudden hang fihesp fic vods act vty of the T Na i the scubown
edum In expernment 1 ofte & p wcubabon m p sence of $TP the med wn was diduied
decr aswr the pecficasitiyt  we thed of the ngmal i xperoment 2w 0oLl was added
¢ mrasedhe p joastiipiotu 2the ongm & abue ot orpe ally the 3oxcnd ¢ Jus

ATZ § Rad oact sy ofp U ¢ countsfilmn
At Atthe adofanadd t ona)
& 3 12 60
L-penm atl + 9757 6531 (~3.226) | 6549 {—3.208) —
diob 2 T Na) | — 9757 88T (~1835) | 7090 (-21667) -~
Exper menr 2 +~ 3 L7623 (45,234} { 18103 (45 08) | 20,246 (8B 1}
{addiuonof Na} [ -~ | 12305 | 1467 {22 9) | 17477 {440 Uy {20532 {+3137)

Likgbtion by Onabaw

In ordinary iading eaperments the effect of owabain was to mncrease
siightly the amount of bound sodmum However as dliustrated in Table VIIT
W an expenment made 1o obsmc the exchange of bound sodium by decreasing
the specific rad: ed whub was secn w the presence of
auzbain This result mdm tes that thc release rathier than the bisding of sedivm
1 snhibited by ouabawn Such a bebavier would be m remarkable agreement

with the carcept that the site of action of cuabarn 15 on the outide of the celf
membrane {Carowers and hevses 1909)

Comparnison of the weorporation of  \a with that of ¥ P from tervnnally labelled VTP
Since there arc and that some phosph ds 1 e
phosphatdie acids (Howw and Honw !960) or phosphoprmnns (Hmm 1962
Ep and Jupan 1962) may be anvolved as carners  the active transport of
sodium & comparson of the Na  ard phosphaie meorporauons was made
Table I\ shows the vesults of such aa expersmens where terounally Jabelied

ATP was used as substrate Very much less phosphate 1s incorporated durmg
2l the mienvals tested and 1035 cJear that d based on thas
could nat explam all the bound sodmm

Dascassion
The data refated above mndicate that an VTP dependent banding of sodwum
takes place w wolyed nuctosemes from ras bram The general sgmficance of
s obsersation must be discussed from several poinws of sien  Fisst 1t aald
be uuportant to establsh the wdenuny of the cell fracton studied 11 terms of
arganclies of the nta t cell Larker «ork (Jarsereir 1962) seems to rule out -
maoch as a major ¢ of thss fracuon The low centnfugal ©
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Table VI The effect of oucharn on the ATP dependent binding (exp 1)
and the exchange (exp 7} of Na by mucrosomes from braun fn the 3

change experunents the specific sodwastiaty of the Na was reduced to
@« thurd by addition of nonradwastue Aa after a €60 second p ancuba

tn The reactton was then termnatid w the wual uay ot 63 sic

Count {l0m n

Exp 1
Binding of Na 1 presence of ATP
Noou bainadded 12 sec 1756
0" M oubam present 146
Exp 7
Faxchange of hound Na* 1n presence of ATP?
Preser tat GO sec 7273
3 sec., no ouabain 4639 (— 31
+3sec 07410~ M ouaban 5477 (~1/9%)

*Compar thusexpenmentw thexp § 0T e Vi

Zuble 1% Comparison of the wcorpor tion of ¥ Na and of the terr anal
phosghate (2] of ATP aio microsomes

Incubanon #Na ncorporated, mitm tesfmg | #2F u corpo-
ume sec T ted
NoATP EMATP | s g
12 23 00
[ 03 43 o1
$0 as 22 059

uscd 1n the sedimentation of the fracuon 1n queston speaks on the other haod
against the possibilits that st would contam maunly nbosomes In fct the R Y
10 protein rato of this fracuon 1s much lov er than that of the fracuon seduncat
ed at lagh speed from the supernatant f Jarsirerr 1962) Thusat seems Likely
that mainly membranous wructures Hf the microsomal fracuon are fi und sn the
matenal studied This vien 1s strengthencd by the v ork of Ha. zos and Tocitt
(1929) v here sty asshov n that mawmly membranous structures s er¢ sodur z:mzdr
at centnfugal { rees used a this mvesuganin The queston ¢ f hov much ¢
this matenal ongmates from the outer membrane of the cell and hoy much ¥
dernved from the endoplasmic reuculum has to remain open so far p

1f the sodium binding 13 assumed o be 3 part of the actne transpeft 0:
sodium across cell mermbrapes 1t 18 umportant that it shows pro peries that uj;c
compauble 13th knovn pre perties of actve transport. bath pr ;(6[816 &;’l Y
ATP and both are inhibuted by calewm Ao the £t that e lg u;rd
sodium scCTns 10 Le due to an exchange reaction 1 ith continuous WY
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release of sodium ¢an be taken as an mdicason that it could be myolved 1
active transport "This process would of course Just require such a mechanism
An mndicatnve feature 15 also the mhibinon of active transport by ouabain and
the partial hibinon of the exchange of bound sodium by this compound

Another question of nterest 1s the relation of the sodium binding reaction to
the Na+ and h+ stumulated ATPase of brain microsomes The two reactions
show & numaber of common features The properties of the sodmm stunulated
ATPase have been studied extensively by several i estigators and n several
different tissues (Skou 1927 1960 Posrt ¢ al 1960 JarsereLT 1960 1901 2
1962 Doywmay and Gryny 1961 Drur and Mcliwamw 1961 Bovion et al
1961) and 1t 15 generally agreed that thus ATPase may reflect the active trans
port mechanism The finding of the ability of the mucrosomes to bind sadium
seems to strengthen this view as 1t 1n a way provides the mussing lmk  the
actual participation of sodmm The possibility to demonstrate 2 bindng of
sodium to the membrane fi gives ad 1 advant:

to the system
since the transient binding of sodium 1s 2 common assumption 1n most hypoth
eses dealing with the mechamsm of active transport

It has not heen possible to obtamn any clues as to the nature of the ate to
which sodium 1s bound From data on the turnover rates of some phosphate
contaning substances found mn the membranes Hoxrv and Hownx (1960}
Hearp (1962) and Amyep and Jupan (1962} have drawn the conclusion that
such substances mught function as carners m the active transport of sodium
The expertment llustrated 1n table IX does not show any clear and 1mple
correlation between the amounts of phosphate and sodium ncorporated The
bound sodium could therefore hardly all be bound to a phosphate contamung
carner On the ather hand 1t must be remembered that all the sodiun does not
necessarily have to be bound to the enzyme or carner site The mucrosomes
when 1salated usually appear m the form of small vesicles and 1t 15 possible
that the sedtum 15 accumulated inside these vesicles vathout bemng bound to a
speafic ute The questron whether sodium 15 collected 1n this v ay wmside a
esicle or whether 1t 1s bound to 2 speaific site has not been resolved but s orh
to deaide the question has been planned Before a successful expenment on
these lines has been done 1t 15 not posstble to make a fair companson bets een
the data for phospbate <nd for sodium 1ncorporation

HasserBacy and Maninose (1961 1962) have descnibed an ATP dependent
Ca + binding system occurring 1n the relaxang factor preparauon of muscle
This system resembles 1n many respects the one described n the present com
mumcation It v ould indeed be nteresung to see v hether the relaxing factor
Preparaton also contans a Na+ binding system since uts ATPase 15 dependent
on the presence of Na  (JarveFrLT 1962)

Thisw Lhasbee Pppotedbygrantsf mth Swedshand th Finnush Med cal Resear b
Councils th Swedish Can ~ So ety audth F undationf Alcoh 1 Research s Finland Th
suth sar 1 dbtd Masls He 1 Roenf  xpert techn cal awsistan o
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The Correlation hetween the Occurrence and Localization
of Acetylchohnesterase rich Cell Bodues 1n the Stellate
Ganglion and the Qutflow of Cholhinergic Sweat
Secretory Fibres to the Fore Paw of the Cat
By
ForkE SjoQuisT
Rece od 17 August 196

Abstract

Sjoqvist F The ¢ el t n b tu en the o cunrence and Jo abiato  f
acetyl holine teras rick Il bods 5 wn the stellat g n lion and the o 4l w of
holne g weat secr tory fibr s 1o the fore paw of the cal Acta plosol
cand 1963 57 3 9—3a1 — The per pheral a eas of mnnenaton
ha e bren determun d for thoe pe al neuons mn the stellate
ganghoo + hich resemble histochem cally establi hed cholinergic
nenve cells { type Icells) The approa h employed i based
on the f¢t that axotormzed ganghos c Us Jose most of ther
AcChE and dentty in staned cctons A senes of axotomies on
il rent postganghon ¢ aun shoy ed that the tellate ganglion s
composed of d e ent zones w th hughly vaming amounts of type 1
cells Pra ucally alloftt typeI ¢ lissead th sraxons ath tebral
nernv ani the Ist tho a ¢ grey ramus 10 nenate the fore hmb
whe eas their axons seem to b ab ent from tte card acn nes Hgh
A¢ChE actiy ty 1s found m th nene terminals around the eccnne
s cag glands fthe pav and n som of the axens running mn the
o twangk m ram to the fore bmb Fia Uy ad:  tcorrespondence
ha be ndemonstrated bety en th number of t -pe I-c Is 1n certan

ones of the ganehon and the s eat secretory  esponses on the paw
The csults suppo t th h pothess that the type I-cells n the
stellat  ganglon of thecata cholinerg ¢ and nnenate the eccnne
weag gland

A few svropathetic hon cells possess dingly high acetylehohn
esterase actvity {AcChE) as d d both hstoct lly and bio-
chemueally (Aorrte 1951 1935 Hotustsnt and SjoQuvist 1939 GracosNt
1929 Howsstent Luvoeres and Sjogyvist 1962 Frebricssov and Sjoguvist

1962) In thus vespeet these neurons resemble the cholinergic cells of the antenor
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Fg I Gr ssan tomical arrang ment of
W MCG tlelefest Uate ganglonntec t

NN Tt ST thorace sympath tc tu b CST
. ) cervical sympathet ¢ tnok MCG md
oA die ¢ ool gangion RI—3 m o

grey and termi fspnals nes,

Tm—;r{:u!x, lr)\ LR t{!on | and

venttal Imb of a sas b la regangh

YW oncfibestothes peyr npalga 2

Lon) CN rdic enes VN i lral

/\ nerve (g7 4 ranu 10 5 matn es Gl
e ——<® CVHI) 'The sympath e outllo totle
Re forc hmb org aus from [hI~C\[

(brachial pl aus}

horn and par pathetic gangha Conscquently these particular sympathetic
neurons have been postulated to be cholinergic but dicect proof for thns by poth
esis has up till now been laching

An accumulation of heavily stamned or  AcChE nch nene cells 1s found
especially 1 the stellate ganghon (Hovusrepr and Sjogvist 1909) and the
purpese of the present 1nvestigation has been to associate these cells with their
appropnate postganghomc outflow and if possible link them to some specific
function The approach to this study 15 based on the fact that axotomuzed
ganglion cells lose most of ther AcChE (Brow~ 1928 F'ripricssoy and Sj0
Quist 1962) Thus the vanous postganghiomc ram of the stellate ganghon
have been secuoned and the ganglion studied Iustochemically with re pect to

} s loss of heavily stained cell hodies

Materzal and Methods

1 liatomy of the stellate gang! on

Fig 1 showing the principle arrangement of the left stellat ganghon 1s bas d oo
disscctions of morc than 40 cats Tt is essentiallv 1n agreement + ith milar {gures by
Lancrey (1893) Buw (1958) and Hotues and Torrance (1309) It e anatomy of the
cardiacn res (C\) 1snotconstantsinc they may arisc cither dire tly from tf e ganglon
or from the ventral hmb of ansa subddazia (V Ay Generally one or two brar <l ey are secn
The supply of grey rams to the cervical spinal nerves (CIII—CVII)  anes Generalhy
1t emerges from the stellate ganglion as a common n r ¢ bundle (VN1 vhch g o
off separate strands to CVIIand CVIII as vell as the genwine v rt bral ramus (o Clll;;
CVI Tor the sake of sumj licaty the compoasite nerve bunile of ram bas be t d 1ot
sertebral nerve (V) in accordance with th nomenclature used 1y sonrc otf rauth ™
(Hormes and Torrance 135J) The operau e procedure  as adapted al avs an ¢
cordance with the anatormeal anat ons 1o ¢

Asmay bescenin Fig 1 the cardiac and  ertebral nerves are ntr b po 18358 ID .
whereas the rany to the ttorac ¢ spinal enes ontun both pr an) ;xnlk-“ﬂ',";‘l’
fibres + hich are imposuble to scparate scle u 1y The whit rans from Thl——g e
termunate mostly an F ¢ supenor cervical ganglon wh 1 the predom nast n} k‘ 25”:“
supply to the stellate ganghon 15 conveyed by way of the tf oracic ";niﬁ‘;;;mw'ny
(Langtey 1893) Transecuon of tf e muxcd rami R1—R3 th 1 for pr:; £ Wi
of neurons located i the stellate ganghon i additon ¢y a major : ner::xm iy
superof cenvical ganglion the latt r bang of nio consequ v ta the [
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B Qperat ¢ procedy 15

Cats  erghng between 18 and 42 Lg were wsed They were anasthetzed » uth
sodm peatobarbntal (\embutal Abbot, 48 mgfig 1 p)and mamtatned 1n an ade
quate depth by myectng through 3 cannula inserted 13t an extremity ven Aztif mal
respration was performed w th 2 1tacheat intubation tube (hafs Swed 1 no 2) con
nected to a resp raton pump

The stliate ganghion was approached by an open thoracie procedure An incuion
+ a3 made m the shin between the £rst and seccond nb The outer layer of intercostal
muscles was divided along the ent re length of the surgical field The wanermost layer
was cut through near the sternal bone and a bole 2 cm in diameter produced which
op ned inte the thoraae ea wy

‘The different po tganghonse rams then we ¢ dentfed easly and transected about
1 ¢m from the ganghon body A3 much as posssble of the distal ends ¥ ere vesect d The
hole 1n the chest was closed durzng cont nuous suction of the pleural cavity and while
the lung was wflated The wound was suts ed compt tely and treated m accordance
vath a cepted surgical prsc ples Al cats we e adrunist red routnely 1 ol Str properan.
(hab Stockhetm) and f necessary pareat ral flud therapy

Th fun uonal derangements produced by the operations were followed on a number
of penpheral sympathetically 2nncrvat & organs Scctoning of RI—R2 resulted 10
different degrees of Homer s syndrome  severance of the v¢ tebral ner e and RY caused
anhsdrosss and an ncr ased temperature of the fo e paw & The symproms alse served.
23 a check on the ocourrence of functional regene ation + hich for the most past was
negt gible

The catsw resacr feed 9—3weeks aft rarotomy ats huch e the operated ganglion.

3 as duseered out together w th the contralateral on  The denervation expenments are
summar zed o Table I

CPhilgel nt tof pectons

The mfluenc of the diff ent ope ations on the sweat s or kon W the fore paw was
studied inv six normal and six operated cats Supramasimal stmulatzon | as ohta ned
with 2 Grass st mudato  model S and shuelded s he elect odes placed on the sreliate
ganghon or sts different postganghome ams The simub we ¢ applied duning 2 pe iod
of 1—2 m n vath 2 f equency of 315/ ec a durat on of 3 msec and ntensity of 4V
The s eat  ¢F tory respen ¢3  xe stuthed both w th the nabed  ye and with the
star h odin v action acce ding to Runpart (1936) Th pads er pamt dsuhal
odwe oluten and allow d to dry % starch paper was pressed hightly against the paw
duning the last 13 s ¢ of the umulation period Th resultng bla hung of the sta ¢h
paper ndh ated th d gre of wearng and the p oport onal paw  urface myohed
Caontrel pe sods  thout st mulat on of the ganghon we » inglug:

B Histockem 1p  dur

The diss ted gangla wer frozen mmed at 1y 10 ssopentane  Mulled with Iqud
mitrog nand L prat— O Cf 1724 hours Cryostat enals ctons (Ditte Hemeie
wera) 7 and 10 g the b wer p epared and staned slternat vely for Nass) substance
{t ludcine blu } and MChE 3 ord ng ro Hormsveny (1957) The ncubanen perad
vasheld outndvt Omop but nafen xpenments p olonged to 12 hours Tie
AeChE- tun d  ctwnswe wsed fo quant tatne and qual tauve tud es of the %eChE~
cantain ng gangion ¢ s Th tolusdin blue tam d p eparations reveated the degr &

andext ntof the b omarel ws ther by v al ngthe zones that ga e e ta the sectioned
axon {  Faepwwsson and Syopuvisr 1962) In some expenm at sect ons of the 1 acls
of th pa swer also 1aned fo hol neste as
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Table I T3pes and number of nerve transection experiments o the stellate ganglion

Type of transection Number of gangha imestigated T ul
{Brar ches cut) for type I-cells
Quant tat ely Qualtanvely
Lt Rght | Left Right
Normal (control) 8 5 13 16 42 (23)
G rdiac nenves 1 ~ 2 - 3
All b anches except for ca diac nerves 2 - 1 - |3
\ ertcbral nenve 2 - ? - 4
All branches except for ert bral nene 1 ~ - - i
R+ R2 - - 1 - 1
‘ ricbral nene 4+ R1 2 2 - - 4+
Total] 16 7 19 16 58 (41)
23 {16) 3> (23

The number of cats 15 given w thin p renthesis whea not dentical w b the pumber of gangha

E Biochenucal p otedure

In 1ath the b stoch 1 on the ChE of the sweat glands
of the pads a biochenucal control of enzyme specificaty was carried out The pads of the
paws \ ere exased frced from the outer shin layer homogenized and determined for
ChE ttngraphically according o Hormsrepr Lusperew and Sjogust (1%°) Ile
substrates employed were acetyl beta methyichohine sodide 60 A 10~ A\ and butynyl
iholmc sodide 647 ~ 10—*\ 10 final solutions

In order to obtamn reasonable activity 1t was necessary to usc pads from 1 four feet.
Extran ous enzymuc acusity resulting from sequestered red cell A QI E in the tssue
+ a8 mimmized 1n expenments repeated on paws that bad been p rlused for 2 Foun
with 2 physiological saline solution

F Quant tatiee deiermination of heav ly ta ned neur ns 1n dif vent ones f the tellate gM[IE’l
T ocell types of sympathetic ganglia show definite hustochem calstanngf ¢ }ﬂc“n
the type I<clls extubiting heavy staming intensty and th ype 11 dls : uu‘fug
moderate degree of stamng (for definition of cell types sce FREDRICSs0¥ and J0<8
197}
Quanttats € counts ¢f type I-cells were performed partly on tte u{mltﬂiﬂ:}‘:
1 which remain ng type I-c s 1n the non-chromatolytic zones w re d t rmun ere
different operations senved as controls of on  another Some frequency dmgrmuaum
obtaned ako from normal gangha In suct ca.cs, the diff rent zones of dtmuma“
wese defined 1n accordance w th the findings reached 10 the denenaton o;];x:lmw
and were 10 gencral disungust ed cas |y espeaially in sections contunir g the
tganglionic sams
pmuglafdl counts were made on senal sections because of d ferences ntic wp‘n;l:::
of the ganglion at vanous depihs. Iniually the wal number of nmmmI na w(wnw
determuined 0 a counting chamber and subsequently ¢} ¢ type I<cells we pnn
. Yy ther fr bang exp d 1n per cent of the former \yl’l’";‘
0 ~lio al of 23 gangha from 16 cats were i
000 cells per gan~lion were counted \ tol P
iuznmlu oy and in addiion 35 gangha from 25 cats qual tate dy (€

»H

e 5}
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Results
1 Experiments on wduced retro,rade changes wn stellate anglion
2 Transection of cardiac nerves

Cutting of the cardiac nerves resulted m a chromatolysis of ganglion cells 1n
the ventromedial part of the stellate ganglion ¢ ¢ the cardiac zone (Fig 2
bottom) Although scattered chromatolytc cells were seen also 1n other parts
the heavily stamed neurons (type I cells) occurred it the same number as in
the control gangha Thus 1t became apparent that the cardiac zone cor
responded to that part of the ganglion which was virtually free of type I cells
(Fig 2 top) On the ather hand a high frequency of type I cells was found
the tostral and caudal poles of the lateral zone.

b T of all stellate L hes except for cardiac nerves

Severance of all emerging nerves with exclusion of the cardiac branches
produced chromatolysis of the whole ganghon except for the cardiac zone
Only infrequently were normal cells seen m the chromatolysed parts No type
I cells were 1 evid mn the 1 luding the cardiac zone. Tlus
1ndrcated that the occasional type I cells that are Jocalized anatomucally within
the cardiac zone do not send their axons to the cardiac nerves

¢ Transection of grey rarm to spinal nerves performed m different combinations

As an mspection of Fig 3—4% reveals practically all type I cells were found
to send their axons through the vertebral nerve and first thoracic grey ramus
When these tv o nerves were cut (Fig 4) only occasional heawily stamed cells
remammed Furthermore resection of the vertebral nerve above GVI was
without effect on the frequency of type I cells Evidently these cell bodies send
thetr axons through the brachual plexus to inervate the fore hmb (see Fig 1)

The different zones of the stellate Lion are easily di hed in Fig
3—4 The vertebral zone 1s the largest one followed by the cardiac zone the
latter 15 somew hat larger on the nght side than on the left Further subdsvision
ol the \ ertebral zone mto sts consutuent cervical components was not performed
It was evident however that its most cramal and medsal parts contamed very
few 1f any type I cells The basis for this paucity in type 1 cells very hikely hes
tn the fact that this regron does not supply fibres to the bracial plexus Although
comparatively small the zone giving nse to R1 shows the greatest number of
type I cells on a relatnc and sometunes on an absolute basts This 15 especially
true for ats central part where a cholnergic nucleus  contammng more than
30 , type I cells may be seen The zone g R2—R3 s 1

;mall Consequently uts absolute number of type I cells 1s inconsiderable (sce
1g 5)
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rams (R2—R3) In contr,

frequencics 1n the zone { the first thoracic grey ramus 115 o) and it

bral zone 1B

ast tr these zones {11 ancidence there e Bibe

he veste



ACETY LCHOLINESTERASE RICH CELLS IN THE STELLATE GANGLION 347
SWEAT SECRETION IN THE FORE PAW AFTER STIMULATION

OF THE STELLATE GANGLION AND ITS BRANCHES

L *ﬁ'ﬁ"'ﬁi’-_"{
§ £ N’é‘ ;\’ t !

i N Y AR

NUSRURIPAS |
1 2 3 4
GANGLION{ALL  ISOLATED ISOLATED GANGLION
BRANCHES  VERT NERVE RI (VERT N ANDRI
INTACT) cut)

Fg 6 Iuspmorq.hegrmd.ﬁermmms

b tween th vert bral and R1 ones (se Fg
3) th stosonand d nchag rami

gree of sweating foll wing stmulat 0n of the  rresponc
mot often qu 3[<nL m explaned by the mnsdmuy lnghcr waden e ftype Ic e
th  smaller The absol t mxmbsxs £ such cells w thin

t 0 zopes are
Lh:r:f usually ol‘ Ihe same ord ¢ of ma mituc

III Sweat s cretion 1n th fore paw as related lo the occurrence of e Ieells

The only ram: of the stellate ganghon that evobed sweat secrehon on the
pa s when stmulated electrically were R1 and vertebral nerve (Fig 6) When
marhed dnergences m content of type I cells occurred between the Rl and
vertebral zones corresponding differences were observed between the secre
tory responses Following selective axotomy of Rl or VN a direct corre
spondence was In evidence between the number of type I cells remaiming

m the ganghon and the extension and degree of sweating on the paw after
stunulation

Il K h { and bock, { of the chol: wn the sueat glands
of the fore paw

Histochermcal staiung of the pay s showed considerable AcChE activity in
structures suggestne of nérve terminals around the sweat glands (Fig 7)
Afier sectionung the vertebral nerve and the 1st thoraac grey ramus there was
adecrer.e1n AcChE acu 1ty of the inner and outer pans of the paw respectively
Low amounts of AcChE d after the )

Homogenates of non perfused and perfused pads of the paw hydrolysed
Mecholy! a substrate peafic for AcChE The activity of the pad enzyme
Was investigated i the presence of other substrates and selects e 1ntubitors for

AcChE and BuChE The expenuments shov ed that the activity was predomt
nantly due to AcChL
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Discussion

The purpose of the present study has been to seek an explanation for the
high frequency of heavily stamed AcChE-nch neurons 1n the stellate
ganghon relative to some other gangha of the cat (HorusteDT and Sjoquist
1929) 1t has previously been proposed that the heavily stained cell bodies

(t ¢ type I cells) gve nse to postganglionic cholinergic fibres because of thewr
N Y " Bl to blshed ehol cells elsewhere (hOELLE

19511962 HoLmsteDT and Sjogyvist 1959 Gracosin 1929)

In order to throw light upon the function of these cells an atiempt was made
‘o cluadate their innervation arca The approach employed was based on the
act that AcChL actiaty of sympathetic ganghon cells decreases marhedly afier
wotomy resulung in a loss of staning (Broww 1958 Frepricsson and 5jo-
QVIsT 1962)

Practically all the axons of type 1 cells were found to mnenate the fore
Lmb The occasional type I-cells demonstrated in the cardiac zone remawned
after the cardiac nerves were cut Their location near the limbs of ansa sublza
and thar disappearance after sectioning, of these ramz make 1t probable that
their axons follow the cenvical ssmpathetic trunk rostrad An organization of
thus Lind may also account for the finding, of scattered type I ceils v sthus the
preganghonic cenical svimpatheuc fibres adjacent to the nuddle cenvcal
ganghon (Frebricsson and Sjogvist 1962) Iosipanghome fibres from this

1 v ath lov er cenical spinal nerves (Lowtist

gang
1873) el
Besides having thewr cell bodies 10 the stellate ganghon and beng confing
to the imb the nerve ternunals of the presumned effector organ mnay bc;;(
pecied to possess reasonable AcChL actiity since this enzvine gencs 0:‘
occurs 1 approxmately equal amounts along the enture length ¢ f the ";u:nd
(hoetre 192> Gracorint and Howsstent 1958 Giacoss 19 ) hozs

hotte 1961 Faroricsox and Sjogvist 1962,
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The sweat secretory fibres possess all these charactersies Thewr synapses
were roughly localized to the stellate ganglion (Lasciey 1891) many years
before thewr choknergic function was proved (DALE and Ferperre 1934
Several authors have descrbed the accumudation of ecerine sweat glands on
the pads of the paws and the lack of such glands elsewhere in the cat {see
SCHIPFFERDECRER 1922)

HELIMANY (1952) using the ongmnal hoerLr method (1950} farled to shaw
AcChE 1n the sweat glands of the cat The chohnesterase demonstrated by hum

\as classified as a non specfic one As was potnted out subsequentdy by

Hurley Suerts and hoerzr {1823) who demonstrated high AcChE acuviues

around human ecermne sweat glands Hellmann s faslure to discern AcCHE was

The distnbution of type I cells and the

projection of thewr axons explan why
Langrey (1891) obtawned

sweat secretion predommandy when the cramat
end of the stellate ganglon was shmulated after the wection of nicoune Tt
was known since Lucnsiaer s eXperiments (1878) that the sweat secretory

fibres 16 the fore paw emerged through the bracheal plexus LancLer i adds
ton reported (1894) that secre:

tory fibres probably can be present also 1 the
20d grey ramus (cf Fig 5}
he present experuments show the correlaion between the outflow of type
Taxons n the vertebral nerve and st thoracie grey ramus and the Sweat
Secretory responses on thy
Such a direct correspond
sweat secretory function to ghe type I neurons
The only non somatic chohnergic neryes hoovm to exsst n the fore leg
besides the sweat secretory fibres are the vasodyla tor fibres (Ertasso et al 192 1)
Studies of the choluergie s asodifacor Bathway in the central nervous system
have heen camed oyt (see Uvwas 1961) e knowledge concernmng thes
terminal synapses whether located m the Pparavertebral
1 lacking Cholinergsc fibres
¢t al 1948) but the lacaltzat,
data do not exclude that the type T cents may gne mse also 1o cholnergic
‘asoduator fibres This see;

s however Jess Ikely since bag parts of the stellate
ganghon totally Iack suck cefls I
the type 1T cells whuch exhybyt 5

1y conditiont for the assigning of any

1 this respect attention should be drawn to

Ppreciable but lower AcChE activity than the

Dpe Ecells These cells seem to be located m most Sympathetc chan gangha

but they never conststute more than a fey per cent of the cell population (FRep
RICss0N and Sjogvis 1962 Sjogvist 1962)

© photomicrographs 1n Fig 24 show that the stellate ganghon s 2

compound ganglion consistng of a thoracie and a cesvical portson {cardiac

B6I0IS dctapry 1o 44 ts7
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zonc) It s mnteresting to note that Ecoes {1943} by an elecirophyniclogical
approzach has armved at the conclusion that the cell bodses of the postganghiome
fibres i the cardiac nerves are located wathin a small ventromedud port of the
ganghon corresponding 1o the cardiac zone desarrbed 1a the prosent paper

The exclusive occurrence of type I-cells 1 the fore hmb  zones of the
stellate ganghon and the correlation between therr frequency and the onfion
of sweal secretory fibres 1o the fore paw indicate that the type I cells and the
sweat secretory neurons are tdentical Addional expeniments are needed to
prove this hypothesis and to deode whether the type Fcells may be related also
to some other chobnergic function

Ths 1 estigat on has bern supported by granis from the Swoduh » tomal ‘wocit ot
agwmst Heart and Chest Discases and Reens at omamslager harolunka Inste et
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Pharmacological Analysis
of Acetylchohnesterase rich Ganglion Cells 1n the
Lumbo sacral Sympathetic System of the Cat
By

FoLie Sjoqvist
Receny d 27 August 1062

Abstract

Sjogvist F P/ le analysis of
cclls 1 the tumbo sacral sympatheiic system of the cat Acta physiol scand
1963 57 352362 — Recent tudies have indicated that A\cChL
rich or type I cells 1n the stellate ganghon of the cat gihe me to
cholinergic sweat secretory {bres rather than sasodilator fibres The
purpose of the present inestigation 3 as 1o prove tius by pothests
Type I neurons s ere found 1w sigmif cant amounts exclus cly 1o
those Jumbo-sacral ganghia that nnenvate the ccer ne sw at glands
of the and pmv The 7th lumbar ganghon alwavs ontain d the
highest proportion (108 ) + hereas the otber rangl 3 possessed
Joveramounts w S1 77 L1635 and$?19  Oc asonal
type I cells were demansirated 1n L5 but pracucallv nore i od r
lumbio-sacral ganghia The sweat se retory responscs on the fund paw
were alwavs proport onal (o the pumber of type 1 cells - the sumu
lated gangha The vasod latar re pon cs ¢ oh d f om gangha crow
d ds uh type I ¢ ls and from those ta fang suck ¢ s wer onde
other band approximat Iy equ alent Th rosults form (b h:usfr
the conclusion that the type Lcells b stelfate ganglion and it'e
gangha betve n L6 and $2 ar d ntical wth loho rgc w at
secretory n urons

tslchol nich pangl on

It 1s known from carlicr experiments that the fre hunb  zone of the :x:lh::
ganglion contains ncurons with dingly high acetylchol nerqcl::tj
(AcChE) 1 ¢ type l-cells (Sjoguist 1962 b) Ludence has been | ::_-‘ o
that such ganghon cells Live rise to chohineryic fibres that re concern
sweat secretion ratfier than with vasedilatation
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The amm of the present wvestigaton has been to exclude the latter pos-
sbihty and more fomly bal the type 1 cells to 2 penpheral smeat secretory
function Prelimunary expertments have shown that the frequency of type [
cells vanes derably 1 the diffe sympathetc gangha bety Liand
§2 (Sjogvisr 1962 a) This fact offers an opportuufy to compare sweat
secretory and +asodilator responses 1 she hwnd hmb as evoked from gangha
of duferent cellular composstion

Wateriat and Methods
A Anatomy and dis est s

For nomen lature and vanations i the size and locat on of the Jumbo-sacral sympa
th uc gangla see HonastenT La~porey and Sjogeusr (1967) for hustochem cal
purpases the gangha were dissected out from the bving cat, anaesth uzed with sodium
pentobarb tal (NeMEUTAL, A8po1T 40 wgkes p)

B H ¢ hem alstanngof 1ChE

Al r dssecwon the gangla 1 ere wameddaately {ozen 12 wopentane chilled wuk
lqu:d nit ogen kept at ~ /0 C for 224 hours and scct oned 0 a eryostat (Divre
as ds bed elsewhere {F) and SpoQuist 19623 Secuons 7
and 10 g thck, were staned for \cChE by one of two alternat es depending on
the aun of the experaent For quanttamne gount g of type Leclls (sce below) the
gangha were stamed accosding to Howysveor (1957, wsh the appropriate
cortsals and an acubation peiad of 30 munutes Tofa htace the count ag of ype 5
cells { ee below) cortasp sections e ¢ ounterstaun d with ammon um wiph de (hosy
1951) and mrubation period of both 30 208 63 m 1 were wsed By v ng smal sect ns

corvespond ng parts of the ganghon could be studicd afirr both types of taim ng nd
neubation penexds

C Quanitat  owntng fdf wl ymp thet  Uispe

Sympath 9 ganghon eclls of b at 2 ¢ heievogeneows w th srspr vint rv lase
AcChE actvines bensiand tn th thocholn methd v mally pest noof the
<lsshow Leary stanng o & (pe e ln They a pe ally Qi b
as hown boch meally (Houxsrent ¢ ol 1362  An ther smell 4 up of neu o
ohibisamod rat dgr of tanng Hpe Ilclh wh oav ) gremim y oy of
ganglion ¢ Us dusplns s g € ant raostanngatall T 1t f s Fu prrax ard
Sjogest 1367

The ¢ f ounts wer gn Wy performed an v I w1 Igamgla <o o)
cellufar ompos ton §a ganghon may ary € n Gerabt 5 U ent S § sty
all ganglon «llsnth e ton we counted at talofalx 1 2600 o g
ard at Mo od by the number of tvpe T and £1 s 11 fr quen o Fabe oy

Rtspeswer  xp csseda per eniagesoftt wotal (enw gu iy te g2 gha riar g

thosamepe  mt (1pe begll may st 360 mak My ny ordwle b
ofsuh B fih d magnofdficenen z St {6 me  ff I
congqun nth lebea tox nwiod

xepton £80 L0 1T 58 S
09 100 093 03
Th wtal nuoabe (expenm w spew v Lo Tatt 1
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Table I Frequenty of type I' and If cells i d fferent lumbo sacral 5 mpatletic gangha £ the ca

Ganglion Totalnumber | Typelcell nper | Mumb rof | Typelf celly aper
of counted cnt catspossess- | ceny
gangl on cells ngtypel
> 107 cellsf Tot 1
number {
cats niest
gated
_—
L1 198 00r (i) 417 2324087 {6)
L2 152 005 (9) 314 168:£1 3 {6)
L3 160 606 (9) 2014 2,41068 (%)
L4 211 90 (1) 315 285 121 {6
Ls 228 013 £ 037 (13) 9j21 227150 (9)
Ls 202 350 L1783 (15) 25[26 184 103 (1)
L7 289 1080321 (1) 27f27 207 + 042 (10)
st 145 70124 (15) 25{25 219123 (11}
s2 106 190£12 (9) 1317 107 £066 (7
s3 59 001 (5) 19 1.6+127 (5)

The values represent means £ § D per cato means. N mber of atss thun j arentf esis.

D= ‘/E(_ii when # > 3 otlen se the den mnat £ s nrl
»
qualitati cly as well as quant tat ely

D Stud es of sueat secret oy n the wnd pau

The expenments \ cre performed on 6 adult cats anesthetized + nh sodium pento-
barb tal (\ExstTAL ABBOTT 70— 10 mgfkg 1 P) Sweat secretion v as produced by
stumalaung the vaniouslumbo-sacral ganglia aftcr they had beendassceted free and ol ted
together wath their p e and postganghion c fibres (sce blo Suy ramaximal stimulavon
\ as obtamned \ ith a Grass sumulator nodel $¢ and stuclded silver clectrodes T ¢
stumuls + ere apphed duning a period of 1—? min with a frequency of »—15,3cc and 3
duration of smsee

The secretory responses + ere studied by the m thod of RaspaLs (1916) Ite
pads were painted 1tha 3 od ne solution and alflowed to dry \ tarch paper ‘:l“’
pressed lightly against the paw dunng th last 15 sec of 11 ¢ sumulation penod 15;
resulung blacking of the sta ch pape shos s the proporuonal surface arcas 1)
and also the degree of s atng Thus th sz of the sady dual spots 1s at nd cation
of the amount of secretion from cach active sw at pore (sec Ra pace 1940 \flrmzn]f;
the simulated gangl a were weighed and 1n estigate ! histoet emicall  for 1ype I

(codif od prepar tions)

E Siwdues of choline gic as dlatat nthet nd i b Seas
The expenments on the vasod latation 10 the lund mb w 1 perfurmed o"h:r ‘:ml
weghing between 18 and 36 kg that ver aneut tzed imnally v\;lh "(01——05
followed by chloralose (30—.0 mg kg) o ombnatonwd & wr u:l\;n‘ o
kg) Thetrach 2 as cannulated and the frequency of resy rat on\;« e
¢ ure tranducer (model PT5 Grass Instrum nt Cotp Q incy  Mass. ey
%‘:‘mmn prossure and b art rate w 1 recorded in the |t or 1 ght { moral arf
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recorded with an electronc ordinate wnter (Govostanuor and Linborey 1967) for
graphic registration of blood flow The blood reentered the hund leg through the same
artery cannulated about 2 cm more distally  Clotling was presented with hepana
(22 mog/lg1 v} The extracorporeal circulation was hept at about 37 C with a remote
thermostat (Ultrathermostat Type U 3 LaudafTauber West Germany)

In the external hac artery the muscle blood flow to the mnenation area of the
ganglta L5—S2 as Rurt} as calculated from books of anatom)
there seem to be no fundamental differences between the muscle solumes mnenated
by the gangha L5—S1 which have been used for comparative studies of cholinergic

vasodilator effects
The 1pul Tumb 1 hetic chain was dissected carcfully free through
an anterior approach The trunk was ligated and cut bety cen the 4th and 5th Jumbar
gangha (L5) Through an electrode placed above L5 all pregangliomc fibres to the
ganglia below were sumulatcd since white rams are generally lacking below the fourth
Iumbar nerve {LangLey 1892 see also Hovusteor ¢f @l 1967) Depending on the aim
of the exp either the hetic chain was left mntact below L5 or the different
gangha between I 5 and 52 were 1solated by higaung and cuttiag the sympathetic d am
ummedsately below each ganglion Thus 5 or 4 preyasations + e obtained (S2 was used
only for sweat D } each afla ganghion with 1ts preganghoric
fibres and 1ts grey postganghonic rarus {or rami) belov
‘The vasod lator responses + ere studied predomunantly m cats pretreated with ¥¢
serpme (SERPAsIL, Cima) n a dose of 3—5 mg/hg admmistered 1+ p 124 houn
belore the expenment (see RoseLt and Rosén 1961) To cnsurc maximal and constand
dil; flects throughout the line (Isxerss Cisa 0107 mg)
was mjected tn the leg through an inlet 1n the artenal cannula In this v ay perst uRg
asoconstrictor effects were blocked S mular expenments y ere pasformed on 318
reated exclus vely v ith reserpine The cf ohnergic natur of the vasod lator respon ©
sas evin ed by ats abolition afler atropine (atropir e sulphatc 09 mgfigs v) g 0t
he end of some expenments
Supramaxmal stimuli + ere applied for a perod of 10—20 sec every “nd punute
with the following parameters duration 5 msec frequency 10—lofsec ntens
—tV
The pharmacological analvsis of the local of th € peripheral il syn ps
w8 made 1 two t ays In 1 0 cats treated exclusnely with guancth dine (0 —03 ™8
1 a1 the mb) the intact sympatt et chain (from L5—57) s as pa nted w thal
solution of micotine bitartrate in 09 NaClof 3/ € 1 locr cton of the wl dur ;'3
sumulation ga ¢ evidence U at the nicotine did not 1nterfere w th coduct on i r\:
fibres (sce LancLey 1891) In the case of reserpiuzed ammals (3 cats the d ll'rrt:‘I
wsolated ganglionic preparations were painted with m ohline and the electrode mu{u:“
from the pregangliome to the postgang! on ¢ fibres 1n order to determ n teste o
block. The effect of hexamethonium on th  asod lator responses was tudied 30 r\ r:d y
cats. Hexamethonuum brom de (V cgolysen May & Baker Lid Dag aham D&“ 7
was myected 3 a 1n the bmb 1n repeated doses corresponding to 01— 07 g Wg

muscle

Results
! of lumb { sympathetsc jangha

1 Histoch "

Data s Table Tand the photomesographs in Fig 1 shoy
Jumbo-sacsal sympathetic gangha exhibnt hughly sarving ai
15 and that these cells are generally confined to the 6th an

that the dafferent
mounts of type
d Jih tumbar dic
cel
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382
38
2
Lo
-4
“ T 90
©
Fg 2 Typ alfrequency diagram [1ype
I.c Hsith lumbo-sacraly glaL5—S$3 2
{The elation lxmmnhe bsolut nwn
bers of e XI<ells n L6—S2 was 23
53 4,
B o6 7 sz 83

15t and 2nd sacral ganglia The 7th lumbar ganglon 1o -anably contains the
l'ughat frequency but in other respects the appearance of the frequency
can vary with diffe cats (Figs 2and 4) Asa rule the lst sacra)
ganghon has considerably more type I cells than the 6th lumbar while the 2nd
sacral ganghion shows the lov est frequency wath accasionally no type I cells
at all In rare cases only single type I cells are found in the 6th Jumbar
ganghon and 1 the cransal half of the 7th lumbar whereas the caudal part of
this ganghon reveals a bigh density of type I cells (30 °4 or more) Generally
the heavily stained neurons are located vithin a narrow region of the chain
ancluding the sympathetic trunk atself where the cells may appear abruptly i
the caudal part of L6 and vanish just as suddenly in 82 Oceasional cells may
be found in the 5th lumbar ganghon of some cats 1nd wn exceptional cases
single type I cells have been traced m other lumbo-sacral ganghia too In most
mstances however they are impossible to demonstrate above L5 and below
82 1n spite of senal sectiomng of the gangla
As 15 apparent from Tabfe I moderately stained type II cells are found in

all gangha m about the same frequency These cells are best recogmzed 1 1th
prolonged 1ncubation (Fig 1 L3)

I Suceat secretion n the hand paw after sturulation of different lumbo-sacral gan,lia

An dlustratt e expertment 13 shown i Fiy, 3 and the correspondug fre
quency diagram mn Fig 2 Sumulauon of the selated L5 was aly ays without
vusible effect The sy eat secretory responses evoked from the gangla L6 L7
SI and $2 were entirely dependent on the presence and the number of type
1-cells i the sumulated gangha The surface area shot 1ng the highest secretory
response shifted from the tnner to the outer part of the foot as the electrode y as
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Sweot secrefion in the hind paw after shmulation
of lumbosacral sympathetic ganghia

-1

T - Fw’ haﬁki ) LI !

L5 L6 L7 S s2

¥'g 3 Sweat secretory responses (Randall method) 1n the hind paw of cat %0 afier umulation
of differcnt lumbo-sacral gangtia The blacking of the starch paper shaws o ¢ surface arcas
wmvoled and also indicates the degree of sweatng \ ¢ that the responses are dependert on
th numbe of type Icells in the stumulated ganglia ( f Fig 2) The comparau ly cak esponse
from 52 15 due 10 ts eatremely small 512

;2(2
gl
M
gg"
113 cres
Sa
z
g
I
&
p
Fg 4 Another freq engy dugram of 2
t pe Icells. In thus case the | 1ard 7nd
sacral gangla are fused Cliara temsuc
paka L7
L5 L6 7 sz 53

moved from higher to lot er spinal lesels although an verlippin exmted
between the different gangha Sumulavion of L7 ah avs resulied 10 3 0 wlt;
secretion and mostly over the s hole foot The secretory fesponscs cw;
from St were generall apprecably greater than those produced f1 ™ ”
The responscs from S2 were less pronounced and 4 caker than mxdhl b
expected on the bass «f the relatse frequency duavram  Tho 3 }‘:‘

the very small size of this ganglion Consequently 1ts absolute number of BpF

Tocells 15 especially low
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s RGBT L el Y 16

L] ng
FRESSURE
[T

e e SIS, WEN WA SESN NN
TIME 5 SEC

maspon
3 © 5 ® ERENT & L
69 Sasoddat  esponses mt a lund Limb to supramax umul t on of different
fu?n\i»cz:a\ symp trete gangla W ght 281g Anahesa chlo al se 30 mg Lgs ppl m mt
of 20 U than 02 glg v Reserpn Smgkgs p 12 hours befo  the expenment.
Th asedilat  component unmashed afier blockig of persst g vasoconstneto _fiects w th
suan b 92mg  a Mwcular blood i wecodd m th night external sha art ry
artery
[~ ym] a chaw I gat @ and cut betaw L4
]l~7 g’ pathe & tat on produ ed from the gangha between LS and $2
3~-5 Sumul t n boveL7 ¢ asodd tationp od ed from L7 and 8182
6—7 Sum 1t n bho Lo
A Sympath t cham I gated 2nd cut betw en L6and L7
210 Stmulaton abe Lo Th d uble peak [ 1ype I-cells n L7 and 51—62 humin ed
asodilataty ng persist

B The diff ¢ ganglia solated.
Il and 13 Sumul & o ofssal ¢ d L6
12 ‘Sumulat n § sol fed

14—18 Pegangl m  tmulauon of solated L6
™ Y

Carefi 1 pasnting of L6 amowntsof 1 » tom

17—18 No_asodilatat ons w th pregangh mc fmglat n of LE

19 El ctod shfted toth postgangh muc ramus Rest & nof asodil tor esponses
Nt asodilal

t om th_dfferens gangla are of the same o d £ of magmrude

t
and 1wd pendent [th I q ency of type I-oclls wa th  timulated gangla (sec F g 4)

11l Pharmacolomcal analysis of the localt.ation of the vasodilator Snapses

The vasodilator responses m the lnd hmb to preganghionuc sympathetic
stimulation could be blocked by applying nicotine to the sympathetc chun
(Fig 5) Depending on the type of experument the ganghonic site of the bloch
was evidenced either bv the restoration of the vasoddator effects vuh post
ganglonic stunulaton (solated ganglia reserpunzed cats) or by the persistence
of piloerection of the tal during the stipulatons {intact sympathetic cham
guanethudine 1 a 10 the bmb) Furthermore intraartenal doses of hexamethon

um {equnalent to 1—2 mg/fhg of muscle) did not dumzaish v asodilator responses
voked tmmediately after the iyection

B Cholmergic tasodviatation i the fund fimb produced from ganfia with canyn,, cellular
composition

A representaune expeniment 1s seen m Fig 5 This and the subsequent sxx
expenments showed that when the chan vas divided above L7 and conse
Quently the majonty of tpe I cells excluded from stmulation {sce Fig 4) the
resultng dectease 1n the vasodiator response was astomsshungly small In fact
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the cambined vasoduatation evohed from L5 and L6 was approximately equal
to that produced from the combned stunulation of L7 and $1—52 No quanti
tatve dafferences were found between the vasodilator responses produced from
the isolated ganghia L5 L6 L7 and S1 1n spute of their hughly varying amounts
of type I cells In other exy the dil effects produced from an
1solated L5 lacking type I cells were equal to those evoked from a ganghion
exhibiting a high density of type I cells such as L7

Discussion

A strilang correlation has previously been demonstrated between the occur
rence and localization of AcChE nich  or type I eells in the stellate ganghon
and the outflow of cholinergic sweat secretory fibres to the fore paw of the cat
(SjoovisT 1962 b) It could not be determined with certanty howeser whether
the type I cells were exclusively concerned with sweat secretion or were related
possibly also with vasodilatation

The suggestion has recently been made that the penpheral cholnergic
vasodilator synapses may be located 1 the sheletal muscle vessels (Szte
Here~st and Went 1957) This postulate is based on hughly indirect evidence
and scems hardly tenable from a pharmacological pownt of view The present
expeniments show that the vasodilator resy to clectncal 1
can be blocked by an apphcation of mcotine to the gangha and evohed
again by postganghonic sumulation Furthermore intraarterial injection of
hexamethonium tato the hund lumb does not cause a reduction gt the vasodalator
responsts These data indicate that the final cholinergic vasodiator synaps
are located within the sympathetic chain

Although located 1n the chain gangha the postganghomc ~vasodilator
neurons seem to be completely unrelated 1o the type I eclls This 1s shon s
by comparatnc studies of vasodilator effects produced from different solated
gangha Postganghonic vasodilator fibres seem to emerge from cach of the
different gangha 1n about equal numbers and 1 any case totally mdependert
of the occurrence of type I cells Conscquently the vasodilator fibres (€
Usnas 1961) the only known cholinergic autenomic structures 14 the funbs
besides the sweat scerctory fibres (Dair and 1etosrre 1934) probably
do not anse from scattered type Icells in the sympathcuc cham In the
connection the finding that moderatelv stamed tvpe 11 cells occur 18 al;u:f
cqual numbers (about 2 ;) 1 most paravertebral ganglia is of mfcrest &

15T 1962 ¢
® The functional sigaificance of the present results becomes cvadent also when
we examne closelv a 70-year old paptr by LascrLey (183) Afier lu}‘:;:
localized the sv eat secretory neurons supplying the hind pay to the ‘;;n‘;;nlur
ganglia bets een L6 and S2 Langley states as 4 rule the 7th s
grey ramus contains rather more sccretory fibres than the Ist “cmi'b?zcazlu)
the grey ramus of the 6th lumbar nene contains comparatively fev
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fibres but rather more than the grey ramus of the 2nd sacral Lancier s
rough mapping of the secretory neurons was based on quahtatne obsers atons
of sweat secretion Even the exceptions to the rule quoted above can however
be explaned by the and frequency of the type I cells These ex
cephions pertan spectfically to the vamations 1 the outflow taken by the
secretory fibres from L6 and 52, and to those cases 1 which Langley found
that a few secretory fibres jomn nerve cells m the sth jumbar ganghon
pass down the sympathetic and 1ssue by the grey ramus of the 6th ganglion
Thos Jatter explans why I of the isolated Lo (¢ ¢ shen
contaming type I cells) never produces any secretion an ibe paw On the
baws ¢f Langley s obsersations 1t 15 probable that the axons of those single
tpe T eells which are found 1n gangha of a few cats above Lo and below S2
pass through the sympathetic trunk and are carmed penpherally by the grey
rami ansing from the sweat secretory gangha

The present exy d the absolute correspondence between
the sweat secretary responses it the hind paw and the frequency of type I cells
s the simulated gangla 1t is apparent that the umque distnbuuon of AcChE
nich newrons 1n the lumbo sacral ganglia L6—52 and i the sweat secretory
egions of the stellate ganghon (Sjogvist 1962 b) entirely parailcl the outfiow
of cholinergic fibues to the eccrine sweat glands As other cholmergic neurons
the type I cells sn the fumbo sacral region are charactenized by outstandingly
high AcCRE actwaty as shown histochemucally and biochemically (Hora
STEDT ¢f al 1962) The calculated mean difference in AcChE activaty between
Qese cells and adrenergic sympathetc nevrons 15 cstunated to be about 30
fold (Sjoqeist 1962 <)

35 mestigation 1s probably the first one 1 which a particular type of
Sympathetic neuron has been bnked to a special pertpheral function Earlier
dttempts to divide path: ganglion cells into  fi 1 groups have
been unsuccessful because of the cytoarchitectonuc umformity of all neurons
{sce HiLrarp 1960) Tud; the AcChE ones (Fi ~ and
S)0gv1sT 1962) It would be of value to map out the whole sympathetic system
hustach Iy with the thiocheline method Such a study is under way and
the available data show that no other regions than those mnenating the paws
contain type 1 cells tn ccnsiderable amounts (Sjoevist 1962 ¢) This can be
explained by she unsgue and 4 of chol;

% eat glands on the paws of the cat (SciorrreRDECRER 1922)

In summary the authors findings tally v elt \ uth data from studies by
Lavorey {1891) Darc and Feroeere (193%) They form the basis for the
conclusion that the ty pe 1 cells descnibed constitute the cell bodies of cholinergic
sweat secretory neurons the classical exception 1n the cat 5 sympathetc system
 regards neurohumoral t ansnussien

ecenne

Ths nestgr b bee  pponed v grann f m b Swedsh \ bonal Mssociaton
25 astHea ta d Chest Duscases nd Reservatonsansl g t har hnska Insut ¢ ¢,



362 FOLRE 5)0QVIST

References

Darr H H and W Fripsert The cf emical transsussion of 5 erctory impulses to the weat

glands of the cat. 7 Physt | (Lond ) 1934 42 121—128
Frepmicsson B and P Sjoquist A cytor orpl olog cal stedy of chol nesterase n sympadd chie
gang! a of the cat 4cta mo phol MNeerl Sc ndin 1967 In press

Gotvscumior H and P Linperen An electronic interal record r for measuting per pheral
blood f1 w and heart ate § appl Phsiol 1962 17 169-~171

Hitare N 3 Penpheral autonomic mechanisms Handbook of 3hyw logy (1m Pl of Sw
Wast ngton B € Secuo 1) Neusophysiolegy 1960 Vol 18 979—1006

Hotustepr B A mod ficauon of the th och 1ne nethod for determun ¢ n of chol nestorase
11 Histoch mucal application  fcta physol scand 19 7 40 331—337

Hotusteor B G Lusnorex and F Sjugvist Detersn nat on of acetylet olin sterase acu v
1 normal an 1 denervat d sympathet ¢ gangl a of the cat A b ochemical and Iistochem cal
comparson  icla physiof scand 1963 57 23,24

Eoues 6 B The dissaton o€ ey o &R som sGats .t e butorbemieal localizatin
o chol nesterascs ar d a survey of their cellula distabut on J Pharmacel 1951 103 1534111

Lasatey ] N On the course and connections of scerctory fibi $ supply ng the sweatgla d
of the fect of the cat J Phys | (Lond) 189} 77 347--37%

Lasciey J N On the ongm f om the s nal co d of the ¢ervical and upper 1t orauit ymps
th ctic fibres w th som e observat ons on white and gr y rafil Comraun cantes Thlor Tan B
1897 143 83124

Linoerex P An smp o ed method for dr p 1 cording of art 6l venous blood fl w {4
thy 1l scand 1358 42 511

RanpALL W € Quanutat u and r gonal dstr bt on of sw at ghands mman J oIt
1946 25 61—67

Roszus, § and \. Rosty ‘The functon 1stat of asomotor » mest skeletal muscle vl
Teserpuured cats 4taphy ¢ scand 1961 52 5361

Sciuerrerpreaner P D e H utdrusen des Menschen und
rassenanatomische Bed uturg sow ¢ d ¢ Musculans sc ualis Zoolog c@

>

d
der Saug t re hr b ologisthie ub
N ¥y 17

Sjugust F Morpholog cal cor lat to a coln ge sympatterc frctio Vet ¢ {Lond)
196 194 208

SjoqusT F Th corr lation hetween the occur nee and lociizat on of ac yid ol ?ll.r::s‘:
+ ch celi bod ¢ 1n the st Date gangl on and th outf) wolchol 1 gic weat e €0y
the fore p w of thecat. 1¢ phy { o nd 1963 57 3393 |

Sjoovst F Linpubl olserv 1362 fircwen

Szvcs £ OB Hetdsviand | Wesr Unter uctungd  auf A4 nal w lung PS’;T[’;;I:J”
den Vasod latat on an d nervierten Struktur n { taphy of 3 ad S0 Hhung 19

Uveas B Th asedlat roenes dmo Hot J 1061 62 277— 85



Acta physiol. seand. 1963 57 363372

Froms The Depariment of Imesugaine \ediane McGill Unnerony aad the MeGnt
Unversy Chaie Ropal Vetona Hospial Montread Canada

The Particzpation of Bone m the Soduim and Potassuam
Metabolism of the Rat I

deter of the exch ble bedy sod. and
and the exchangeable and mexchangeable f

of these 10ns 1 hone w the normal rat
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Abstract

“Nopyan N The Pariwp a fbhnes Ve dum ond potass m
wel b fum fthe st T Acta ph s ol scand 1263 5/ 363372 — \
method 5 descisbed wh reby tocal ex hang abl sod um and potas.
sum n the at 3 smultaneously d 1 emun d by the wse of wiope
dluton techn ques These 1 asurem nt ha  been cornb ned with
the determ nauon of th total and ex hang able concentrat ons of
Sod um and potass wm m bon  made poss bl by a nev poc dure
emploving cat on cxchange resws fo solaton of the bone Ject olytes
Seres of ormal 100 grats 700 g at and 300 g ats  re examned
Th results fo the 1otal bods  ontent of sodram and potass um
obtamed o thrse an roals agr ed v th published data from total bady
3shing p o eiures Total bone pdiam con tm at on ncreased w th
age vh ag th conc nt avon of the e hangeabl fracuon was
rather constant o the thrr g oup Th exchang abliy of the bone
sodium was 7{ per ent nth 10g atnacd S6and 0pe ot n
the 200 and 300 g ats Bone poress um con entraton was hughese

nth g at th exchang abi o of this oninbonewas80per cent
2 thus group and clas 10 100 per _entin the 1 0 other groups The
comy lete ot of figu o3 15 g ven 1 Tabl 1T

Proseatadd ey AL Hoo 1a) Olo N rw y
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Since the early studies of the distnbution of sodium and potassum mn the
bving organism using the radioactn e sotopes of these 1ons {(Jeszen Com and
GREENRERG 1939 Greevprre CAMPBELL and Murarava 1940} 1 number of
contributions n thus field far too great for quotation here have been publst ed
{for general enentation the reader 5 referred to the resiew given by Moore
1951) To our knouledge no study of smultineons determination of the total
exchangeable body sodum and potassium has howeser, been performed m as
small an ammal as the rat nor are we avare of any publicatton i which these

have been bined with studics of the total and exchangeable
concentration of sodium and potassium 1 bone In this paper a method for
such a bined | deter 1s desersbed and results obtaned
1 normal rats ate presented In other expnments the same method was used
to study vartations i electrolyte mtine aadoss and alkafosis adrenalectomy
and various hormonal treatments (Noryan 1963 a bY

Material and Methods

Hooded male rats of the Royal Victona Hospital siram \ ere wed Lot the metabol ¢
expenments tf ¢y were of the 200 g siz¢ (range 196—202g) but ty 0 groups of untreat
190 and 500 g rats respectively were mcluded m order to provide information o3 de
nfluence of body size and age

For technical reasons ouly 8 rats could be studied ata tme
bias thus group was al vays a composite of + dilerent types o
rats from rach senes oduct

[he standard dict 1 the rat colony was Purina Fox Chow (a commeraial pr i
contaming 0 15 mea/g (0 35 per cent by weight) of sodwum and 0 70 mea g potasst
{8 per cent by v eighy)) gven od Lbitum

During the expersmental pertod the rats were ke
temperature humdity and | ght conditions throug]
1 the same bwid ng  as air conditioned

In order to avoid stasueal
£ metabohe experiments, ?

pt 10 @ rourn provided with constant
hout the year The breedig st @

Flame pl otametny L,

The sodium and potess um deternunat ons in the vanous fly d samples l'rorln pxm o]
bone and unne were pesformed on a Bawd ssonates Ilame Photometes v x; :h l:m[a
Ithium standa d B frequent use of the standards 1 whun the actual ranges % e
urernent 1t v as poss ble to hmit the error of the readings 1 bet een 0 tant e
cent for sod um and o bet cer ? and 04 per ¢ nt lor potass um. The poorest a¢c
was associated  1th the loy est concentrations

Radwacts sty let e 1ations after the
For the measurem nt of th radioacuvity 1n th plasma and bor:lc fﬂ(?:\’:fm Tk

1on exchang <} omatography + huch left tf e spramens uobcuslcd l}lh‘: e x50

Century Lléctronics v elf counter tube (Type Miyas mployed D0 0

a8 the Goger (ube used for the unnc {sec beloy ) was cnmltf“: o e

Glow Tube Scaler 1th super table h gh soltage supply an { automa

fier
Instrument Company Cambndge 39 Mass. US V) a prear plﬁ,;.m;mm on the

ree of dete
wtaposed o th arcut Becau  of @ € gres1 vum s
';:‘;g\ ben the rats were examn d and the g nerally h avy prograss 0% thse
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was ot possible to prolong the counting tumes of tke flud sampl s to such an extent as
1o obtain the highest degree of accuracy For the 1 the flu ds

Na the error vaned from + 2 per cent to - 3 per cent for b from 4 2 5 per cent
WL 5percat the poorest accuracy be ng associated 1th the lowest concentration

Th amount of radiozct: 1ty n the urine was determined 1 dried samples on alu
minum planchets by the use of an end w ndow Ge ger tube (Type D33 Nul rIn
stuments and Chemical Corp Chacago) The method for obtain ng the individual
counts from the *Na and I by using a th n alumnum flter 15 described by Arons
and SoLowo (1954) The most practical way of tackl ng such problems as elf absorption
back scatter ng f om the sample mount and source scattermg s tousc  ference tandards
that 1n fo m and concentration esemble the test amples This  as done throughout
and the counting rate v as hept 1 sthin the optimal range of the mstrument

Totalb dy whan  ble sod m and potass um

Ths quantty oft n called the total xct nge ble spacc?ol th electrolyte 15 de

1 rmuned and defined for cach of the lectolvtes by the equation

T—=(—1)/S
(T  Total body exch ele trolvte I = Imected otope (4C) I = Unne isotope
(0 §= Sp afic actvty (uCjmea) )

The quat on s apphed at the end of ¢ equl brat on per o of the radio_otope in
the organ sm The bass fo  ts val dity 15 the as wmpt on that at th's time the rad o
0tope 3 evenly d t buted (among th atoms of the co espond ng ¢l ment) n the
body The speai{’c act v ty (2at o rad oa t e/non radioact e element) 1s obt n d from
asample of the total pa  pla ma has b en most frequently used The u ne sotope 1s
th part of the total mjected racioact ty lost ntheu nedu ngtheequlbrat onpenod

o ad oact vity from Nawas cver dsco ered o the faeces The b in the facces vas
B ver above 1 per cent of the mye ted amourt and usually el below 05 per ¢ nt

3jﬂmrmnat on of the facces was the efore d scontin ed aft ra casonablep od of

The two sotopes ver ginen scparately by intrapentoneal meetions Eact  tre
cehed bour 10uC Na n 1l sotome odum chlond s luton and ab ut.0uC

A m 2 ml soton potas um chlord solution Syrng s equpped 3 th special
adaptors llo ed th admin ir tonof producble and denucal volumes The same
‘olumes we e measured nto s pa ate olum t ¢ flasks which served as ef ence
standards fo 1l e part cula exper ment

Th unne y as collc t d 1n metabol ¢ cages dur ng the 15 hour equlib ation perrod
The net and funn 1 of the cames e washed w th distill d water and w th the ad of

um analys s of the + ashing wat r lo ses du  to the urnin drying on th separtscould

Be calcul ted

Ther 15y re bled to death by ao tcpunctur wthan dl and ynngebar lymos
tnedw thhepar n and under th anesthesa The blood was mm duately centr fuged
Inl mlplasmath pot nwaspr pttdwthlml of 10 per cent of trict lo  cetsc
acd Th supe natant aft  centnfug ton tog thrwthafuth rimloftrchlo cete
acd used fo wash g of th peaptat was added to a column of cat on exchange
Sn (Dowe 50 munus 400 mesh 12 per  nt cross lnked) pr v ously washed + 1th
bydrochl ¢ a d and distlled ater The resin 1n a column 6 cm hgh and 1 cm 1n
diamete y as found to be ad quate fo the separat on of the sod um and potass um tons
Llut on was performed  th 025 N hyd ochlonc acid at a rate of 075 ml per m nut

Th term pec hasg nd ceplance n thi fild of i estg 1 o an the meamng of
amount dnt ferngt lum Ascanbe [ miheformul tish  pessed in
ms fm g

24633015 4 ¢ phys 1 avis?
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Table I Recovery of sodwum and potassuum, Jollowsng separation wn a catuon exchaage columa f m
& samples of plasma and 1 6 lests with an artificial salt musture wath a con fosition rdentical to
that of bone

Befo ¢ columa Aficr column
Mean & S D Mean 4§ D
Plasma
Sodium (mBqfl) W52 14426 442
Potas um (mEq/l) 3864002 339 2024
Bone
Sodwm (mEq) 06 00 05 3 08007
Potass um (mEq) 001 00094 £ 000007

All the sodium was found 1 the fraction from 35 0 125 ml in the cluate and putase
s um could afterwards be washed out rapidly with 1 N hydrochlonic acd The whole
separation requred 3%/ hours

The recovery in a senies of 6 samples of rat plasma determ ned by flame photometry
before and after having passed the columas 1s shown 1n Table I The fractions « f¢

d to rad as well as flame photometry and the pectc

actnaty (rato rads ¥ d clement) d

In addition to thus determmnation in plasraa a further } ml of plasma v « al a')S
subjected to flame photometry and served as a chech on the resulis obtaned  fier A
separation of yonic exchange

The bone frocedu ¢
A detailed description of the bone procedure has becn publish & (NoRuax licr m!
Browse 1957) The femoral disphyses from + hich penosteun ard bone marrow !
been removed were s 1ghed immediately dussolved i concentrated mir ¢ ac§ dil (o3
vathy ater ard appl ed to a column of the same resin as used for scparation of i’
and pota.sium i plasma tatd
“The full recovery from ar aruficial salt mixture of a compes tion sin lar 10
bonc appears 1n Table T

Results

Esperiments for further evaluation of the method ge
In order to establish the adequate equilibrition time for the 1sotopes 17

tal &3
rat body and to test the reproducibility of the determination of the to e

! ble sodum and g the latter were determined md:c;: n;m"
same rat with a ume internal The first blood sample v as obtame ::” i
v as halled The sodum pac

puncture and the second when the animal Psto
found to beidenueal in the same rat at vanous imes bets cen 10.an L e
the mean value in the 200 g rat v as close to 9 meq T'he potsaum spl

not reproducible 1o the same extent he results n a scnc: ;A;l" :J;: o 2t
4t 19 and 20 hours afier the injection of 1sr topes were 12t =

neasured
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Table H Tosue pec fio actu ¢ s (PCImEg) m1ar ws pssue follwvrg & Feend equ bib otten
baads [ ¥ %aeadd A Thesnn walutsae fomihe L taldi 15 dur rgthe quisbrat npenod

Sod um Potass um
Mean & 8D Mean £ 5.0
100grats, 135 wry quith at n (8 numals)
Plasma 19 2220120 261420360
Ton 1366¢ £ 0071 29866 0233
Ure 061743 8 107 1 28%0377
20 grats, 15 hours quil braton (38 ammnab)
Plasms 1048 005> 27030 0327
Bane 03920 £ 0040 2 907 £ 0430
U 0 3126019 35266 £ 0371
Wgs s, IShoursequl b tion (Bawmal }
my 0 64008 19214 4 0180
Dooe 033310038 16533 £ 0270
Lo Q608 £ 0004 2000 4 6256
W grais, 15 hoursoqusd b ot on (6 an mals)
Plasma 169 £ 0049 29608 £ 0 0110
Mausct 1089 £00i# 25088 £ 0.,00
B o 1116 £ 0097 12295 £ 0913
WMgraty, 36 hours quuf brats n (8 numals)
oma 1.2539 = 0267 -~
Bont 07 0629155 -
20 2w, 15hou equibrau a (b nwnals
Plasma - 29601 40401
Redc hs - 21391012
Wgnt Dk un qulb ton (6 mumals)
Plasma - 31082 3 0355
Red 1 - 2302 £ 0171
Wgrats 15k umeq Wb ton (6 pumaly)
Plagna - 250 9401 2
Lyes - 25192 3 6171
Stms bow i (gl res) ~ 27135 4 8302
hadney - 2602 + 0183

1433048 meq respeemiels The reasons for the savanons will be dis-
cussed heloy

Table 11 gues the results for speaific acuvities n vartous tssues compared
wih those of plasma after diflerent pensxd of equilibration

¥ appears that  \a evchanged completely s muscle and brain In hone the
peaifie ackaty was lov er than sn plasma the rato bone specsfic actvay to
Plasna specific acavaty was 0 71 057 and 049 1n 100 g 200 g and 300 g rass
fespoctinely The fioures for t 1al and exehangeable bone sodium concentration
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Table 1T Results obtawed st the presented double wsotope dilution lechnague wn th
of rats sclected by uerght * e s

Number wn the gro p
8 18 8

Mean 4§ D Mean & S.D Mean 2 S D
Ong nal we ght of rats {g) 100 2 200 2 300 3
Final wesght (g) 938 x 43 161 = 80 2778 £29
Total exch. body “a (mEq) 404032 903+ OM 12,06 = 051
Total exch, body h (mEq) 652.£073 13282 12 192841 9
Unne olum {al) 71 +26 260 =260 109 =56
Unine \a (mEq) 151 £046 081+ 03 093 £ 03
Unine k (mEq) 137 102 090 % 075 097 & 023
Totalbone Nacone. (mEq Lgj | 1434 242 2036 +131 2104 84
Lxch bone Na conc. (mEqjkg) | 1014 178 1150 = 88 1042 +80
Total bone k conc. {mEq/Lg) 393 +7> 60 + 24 201 =20
Ex h.bon K conc. (mEqjkg) 310 +53 2T £ 5 81 27
Plasma Na conc, (mEq/l) 149 215 1480 + 16 1468 19
Plasma Kk cone (mEq/l) 37 +019 38 + 060 37 2043

Th rats recar ed only water dunng th last 15 hours in e metabol ¢ cagas, there an
therefore, a  eight loss 1o tus per ok

Una solume collerted 1n th  qulbrau n per od dunnw th 15 bours in the metabocc
tages,

E p essed as mEq Lg wet bone.

1n Table 111 shov that the decrease 1n bone speafic actiaty 1n the larger rats
was a vesult of an increase 1n the tnexchangeable fracuon the absolutevafuet!
the exchangeable fraction was rather constant The rano ben ecn boreand
plasma speaific acuviues after 15 and 36 hours equilibration did n t differ
si,muficant)  The absence of an increase with prolangation of cthguuoS
nme agrees vath the findings of Dpetsan Jasres and \oore {1Ja?} ar
Baver (1924 a) ) 1 and
Complete exchange with *R occurred sn muscle Iner stomach W2 o

Judneys afier 15 hours but not 1n brain and red cells (Table §1 - In thcl ‘un
a significant ncrease (P 003) 10 speafic actty took place with 0 :ml
equibbrauon Corsa e of (1931 demonstrated that +@ Hours s reg i
for complete exchange 1 the red cells The speafic acuvity of bane }:"-‘T"w ¢
dud not dffer signuficantly from that of plasma in 200 and 300 g rats m?mnom
rats there was a small inexchangeable fracuon after £ hours cd“‘uhd "
There + as & remarkable difference ben sen the unmary po;.:»x:.l:n) e
100 g 200 g and 300 4 rats The first group had a I w speaific 3

latter tv 0 1t was higher than in plasma
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Complete data obtaned from 100 g 700 g and 500 ¢ rats

Calculated on the basis of the results 1n Table III the total exchangeable
bedy potassum per kg s as 695 meq 71 4 meq and 69 8 meq respectively in
the three groups The same constancy was not found for sodium  the values per
¥z rat were 90 5 meq 48 5 meq and 43 4 meq for the 100 g 200 gand 300 g
groups The large standard deviation n the unine \olume of the 200 g rats was
duc 10 a diuresss of moze than 0 ml n 4 of the 18 anumals The uninary loss of
sodmm apd p durnng, the equilib penod was lughest in the 100 g
*roup where the excretion ¢ as 4 tumes that m the 300 g group on a per hg
Y eight basis Assunung the toal skeletal v exght 1n a 200 g rat to be 22 g (ShEe.
ToN 1927) and using the figures for exch ble and 1 ble bone
sodium concentration 1a such a rat 1t can be calculated that bone contains
1938 meq of sodrum that does not exchange and 2 541 meq that exchanges
Total bone sodsum amounts therefore to 4479 meq as compared with a
total body content of 10 968 meq (total exchangeable body sodium plus 1
exchangeable bone sodium) In q! bone sodium to 40 8 per
cent of the total sodiem 1 the 200 g rat The bone potassium concentration
total as well as exchangeable decreases + ith age

Discussion

Some of the hmitations of the method 14U be apparent from the considerations
bresented above For sodium 1t seems justifiable to conclude that the total
exchangeable body measurement includes virtually afl body sodium except the
inexchangeable fraction 1n bone For potassum full equilibration v as not
Teached yn 1o hours in the red cells and the bramn hoy ever the blood accounts
for only 5 5 per cent and the bran for 0 46 per cent of the body v er ht of the
Tat (Snecton 1927) It s justifiable to assume thevefore that the dilution tech
fugue in the case of potassium measures more than 93 per cent of the total
Amount in the body The values ob d for the total exch ble sodium
and potassium agree v cll v uth those of CuEes and WesT (1923 1956) Chren,
WesT and Gorpex (1927) and BercstroM (192 ) based on total body analysis
In companng the sodium figures the nexchangeable bone sodwm thatas
weluded 1n ther analysis must be taken 1ato account It 15 interesting to note
that larger standard desvianons also occurred 1 therr potassium than in their
sodwsm values fn Fable 111 the standard deviation for the total exchangeable
Pelassium mcreases v 1th the size of the rat Smular increases 1 standard
903 1ati0n do not occur in the sodum spaces and in the final v esights mndicating
A Sreater vanauan in the total body potasstum than o the total body sodium
¥ 71ats of the same size It dees not hoy ever explain the lasge vanaton s the
epeated potassium space determynation 1n the same rat at 13 and 20 hours
<quhbration Some of this varagons 1 as vathout doubt caused by the i
atcuracies 1n the counting and flame photometry of the rather lov concentra
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tions of plasma potassium An ncrease m the potassium space at 20 hours
would be accounted for by hemolysis and release of potassium of low speaific
activity at the nme of the heart puncture at 15 hours equiltbration A fall in
the stze of the space can only be explained by the mtroduction nto the vascular
compartment of potassum with ugher specific actiaty Such added actviny
would be noticeable even if very small because plasma potassium 35 a neglgible
fractton of the total body potassum
‘The high uninary speafic actiity of potassium in 200 and 300 g rats (Table
11} 1s probably due to the rapid excretion of the mnjected tracer and carmer
The relatrvely much lower speafic actvity 1n the unne of 100 g rats may be
explained as follows The 100 g rats are thin fast growing and when exposed
to starvation m the metabolic cages they will quickly and heavily draw on the
hver glycogen stores with resulung release and cxcretion of conaderable
amounts of non radicactive potassium (Table 111 shows the lugh unnary
sodm and potasstum of the group) Ihe potassium storage with glycogen
1n the hver was well demonstrated by Fewy (1939) The sodum excretury
effect of a potassium load was shown as early as i 1873 by Busce
When tht bone sodwin and potassium values art compared with these
presented in the hiterature they correspond very closely to the results obtained
by Berastrou (1952 18a4) and Berostroy and WhiLacE (1921} Akon
Bergstroms results the varation from rat to rat 15 very smail in contrast t0 2
sumber of publications m which very large dilferences ase found from sample
osample The results ase 1n agreement with those of BAUeR (1924 b) MUAROE
jatosear and Wisow (1957) and Niciors apd Nicxtots {1958) 3 hen the
dfference caused by the fact that their results are gnven as meqihg dry bone s
calculated
The water content of the bone samples from 200
about 30 per cent The distnbution of this water between extracellular @
sntracellular fluid and erystal water (hydration shell and hydromum wns o7
the bone crystals) 1s difficult to assess
Hamrison Dagrow and Yanser (1936) ongnally determined the excess
sodium of bone as the dilference between total bone odwim and e sodit 51
the extraccliular space the latter being deternuned by the chlonde cum;ﬂl
of the sample Other studies have revealed that as much as 33 per cent dfoe
tendon chloride 1s Jocated outside the eatraccltular fld of the ussue (I‘L‘d“:
ot af 1936) In view of the close resemblance in composition between m-’ lu*
and orgamc bone matrix caleulations based on the assumption that the Cude
ride 1s entirely m the extreacellular flusd are of doubtful vafue The mﬁsmm“
of the sodium concentrauon 1n the bone matnx (orgame and mmb“:“)ﬂmd
howeser be roughly esumated On the assumption that the mxw:clluk:'x red
does not cuntain sodium the excess sodium i the 200 5 rat cw be ‘;‘1 case
10 be 189 meqfby 1f 173 of the bone water 15 extracellulas fliad In ¢ x“ e
973 of the bone water being extracelular flmd the excess sodwm v 3

5 Tats was found W e
uid
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meghg The latter estunate corresponds to the value obtamed by calculation
from the chlonde space A similar estmate for bone potassium can be made
11 1/3 of the bone water 15 intracellular flud with a potassium concentration
of 130 meqfl approximately 11 meqfkg of the 26 meq/hg bone potassum 15
located 1n the bone matrix
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The Participation of Bone 1n the Sodium and Potassium
Metabolism of the Rat 1I

‘The effect of variation of electrolyte intake
acidosis and alkalosis

By
N DNormax
R ¢ v d23 August 1962

Abstract

Norsax N\ The p rhrpation of bone n the sodum and potas um
me bohsn fth. ¢ II \taphy ol s and 1963 57 373—383 —
Ratsy er examuned acco ding to a prev ously described technique
(Normav 1963) p the of toral
exchangeable sodum and potassium in thewr body as 1l as the
tetal and exchangeable concentrat on of sodum and potass um 1n
th rskeleton The effect of yvanous combmat ous of sodium depletion
potassium  depletion  sodium loading  ac dosis and alkalos s was
studi d S mple sod un depletion caused a loss of 10 per cent of
body sod um 90 per cent of the loss  as accounted for by shnnlage
of the extracellular flud volume When acdosis was induced n
addton sodmm as @ n off fom the exchangeable bone
sodium fract on Potass ur depleuon caused a p cture sinular to
that of starvat on The potassium depleted rats had a greatly
du ed abibity to handle a metabolic alkaloss The paruapauon of

ne sodium and potassium an th metabolism of th ratsvas maller
th n found by oth s Tle mean d f  nce f om maxn um storage
of socium in alkalosss to maumum depleson 1o acidosss corre-
ponded to 10 per ntofth total bo  sod um concentration Hone
potassium concentratton lo ed great co tancy with no parallel
totte anatois nbon sodium

The interest in the participation of bone 1n sodium and potassium metabolism
has Tanly been focused on the potennal of this structures a reservorr for the
clectrolytes from 1 tuch they could be supplicd 1n case of need and where

re
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they could be stored 1n periods of surplus In most of the published studies the
mvestigators have concentrated on the significance of bone as a source of extra
sodim  manly dunng metabolic acidosis (Berestrom 1927 Micttors and
Nicuors 1953 1948 Levrrr and Turser 1953) Considerable loss of sedium
and potassium from the bone 1n clectrolyte depletion without acidasis has also
been found (BercstroM 1954 1956 \icuors and Nicuors 1920 1926 Lper-
MaN  James and \oore 1952 Woopstry 1923 Monroe Satoshar and
Wizson 1927) achols and Nichols wereable to demonstrate a gam in total
bone sadwm by chrome sodwm loading Studies on the partiaipation of bane
10 alhalosis and potassium depletion have to our knowledge not been published

Experimental Procedure

Methods

Yor methods and calculations the reader 1s referved to Nowan (1963) Male rais
of the hooded Royal Victoria Hospatal strain weighing betworn 198 zud 202 g were
used throughout.

The duts

The standard diet 1n the rat colony consisted of Punina Fox Chov and water The
same diet was fed to the normal control rats in the metabolic experments. The sodium
and potassium content 1 this diet was determined by flame photometsy 10 be in the
range of 0 1> meg/g and 020 meaqlg respectively Expressed a3 par cent of the weight
of the food sodium represented 0 32 per cent and potasuum 0 8 per cent

d

The low sodium dict was composed of the foll 4
Powered whole egg 10 per cent
Yeast 8
Casee (dred skam m L) 0 »
Canada appro ed bread flour (wheat) 32 »
L

Corn Starch

Water was added to the mixture and the dough was baked to a fauly basd mrwh{k
consistencs Vtamuns and nunerals were not added to this dict as it was oaly g €0 8
short persods Tt was given to the rats of [ bitwn 10 (he same was 43 Punna Fox qu
“The wumals at approximately the same amount of this low salt dict as of f e stane
food The sodim and potassum content was determuned i the ingredier s 38 welf 34
1n dhe muxture The results were i close agrecment the msture contated 004 77
cent sodium and @ 3o per cent potassium

Ite low potess um di 1 had the fullowing compouton

Coru starch €0 per € ot
Canada app » ed bread flour ¢ -
Mazola corn oil 5
Casc ¢ dried skam m k) s
Toly Vi Sol 01

(Vi ALB.01 L ml Ve DIGOI L ml
\scorbic aad L0 m,, ml Thiamine 17 m ml
Rubola 10 13 oy ml Miactsasaid 10 ! o)
CaHrO X
a0 ~
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The nuxtuse v as prepired and presented to the rats 1 the same 4y as the low
sodium diet They did niat particularly bie the lov potusssam diet atevery httleof ¢ and
lost cans derably 1« caght from the sccond and thud day en acds The electsolytes
were determuned and the content was 0 06 per cent potass um and 06 per cent sod um,

Sodsum loading was introduted by the admsnistrat on of 45 per tens sodium chlonde
and 5 per cent glucose n the dnnlang flwd “ormal rats  ould drink between 100 and
20 rol of thus flud in 24 Bours 700 ml of the fud conta ned 15 meq of sodmm almost
double the total exchangeable sodium  the xat The salt glucose dnnking Amd  as
continued duning the last 15 hours 1 the metabolie cages o the rats recesvang the sodwm
loading procedure AH otber yats recened only water s this penod

edosis and ofkatosss

Aadosis 1 as anduced by mtraperitoneal dialyns agaust a solution contnamg 90
weg/t of ammomum chlonde and 5 per cent glucose I the first exprnments 20 ml were
njected inta rats xece 1ng a normal diet equil brated for 4 hours and then removed
This ax tolerated vell but very small changes were abserted a the bones of these rats
When the same proceduse ¢ as used 51 5315 on the lo v sodwun d et the mostahey a8
very bigh In such rats therefore an equibibraton penod of 1 hour with 20 md or 2
bours  th 10 mi of the solution was uscd The same amount of sodium 30d potass nm
wasr co cred from the per tonead ca 1ty 61 the two wstances These were {reco enes
and standard deviauon) for sod um 1 §2 = 025 meq and for potassum B 022 £ G015
meg

Allalosis  as produced by the wgecuon wtzapentoueally of a soluuon conta nmng
300 meyt of sodium bscasbonate The rats huch had been on the standard duct re
et e 20 m} of the flund the ones on fo v potass wm dset 155 (s # 10 per cent of body
Wetght m bots wstances; Th solulion #as Temo 4 aft r 3 howrs and the sodumy
s um and chlomde co tome determaned. Unne was collected during the nira
P toneal d aly s

¢ racioactie tracers  ece mp cted mued ately folle  ng the procedure and the

the 118 transferred 1o the metabohe cages

Results and Discussron
Low sodiarm diet {Table I Groups 2 and 3)

The caused a Hy sigmfi fali 1n the total exchangeable
Lody sodisum {Group 1 versus 2 P0G 01 and Group }rersus3 002 > £ >
=00} The fall m 1ota} exchangeable body sodmm \ as assovated « ith a
small reduction body «ght In Group 2 there  as also a shght {alln toral
2nd cxchangeable bone sodmum concentrauons 1 CONLAst to the normal
Iovels 1 Group 3 The changes resotung from the fo  sodmim daet « e more
marked sfier 3 days than afier 5 days mdiating perhaps that the 7at nceded
OME tme to adyust to the reduced saly intake The smaller foss of sedium in the
Unae i Group 3 may supprrt this 1y The concemrauon of twtal and ©x
shangeable potasssum i the bone s Group 2 as sgnificantly TP—001)
0(_‘:1\ control fevels the mean al e f r the toral exchangeable body potassnm

"€ graup s as also betoy 1} at of the contrels but thas difference was not
Satstcally sigmificant
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The rats ate well of the low sodium diet and thrived on st The results s cre
therefore not those of partial starsation The difference from stanaton w18
abserved n a small group of rats given water only for 48 hours The weight f
the e rats fell to 179 g and they umformly lost 1 5 meq of sodwum and from 1 15
to 2 meq of potassium

A reasonable caleulation of the eatracellular flud volume of the anumals cxn
be made on the basis of the total exchangeable sodium of the body the &

1 ble sodum conc of bone and the plasma sodium concentsa
tion The total amount of sodium 1n the extracellular space 1s the difference
between the total body exchangeable sodum and the sum of intracellular
sodum and exchangeable bone sodium This difference diided by the sodium
ultrafiltrate gives the extracellular volume According to Cures
West and Gopen (1907) the serum ultranitrate concentration s oltasned
from the plasma concentration by the following formula

(Nl
093
{Na) ; represents ultrafiltrate sodium concentration (Nal, plasma concenttd
uon 09315 the introduced correction for plasma water and 0 95 the correctiont
for the Donnan equilibnium The amount of extraccilular sodium 1s small o
occurs 1n low concentrations 1 muscle (CotLove ¢f al 1901) and red cells
and not at all in the cells of the viscera (Curek et af 1927) Total sntracellular
sodum can be esumated to amount to 0 40 5 meq 1n thesizeof 1at concerned
According to SkewToy (1927) 109 per cent of the rat body weight s bone This
provides a means of caleulating, the total amount of bone sodm as + ¢ a8
the total amount of exchangeable bone sodium The available evidence (Frse
MAN of al 1934 Berostrom and Wartace 1951) mdicates a fair degree 1f
constancy from location to location with regard to sodum conceniranion
cortical bone The mean extracellular fluid volume based on such a calculwon
15 41 4 m 1 untreated 186 1 g rats and in the rats on low sodwm dict .H::
and 36 3 ml respectively Cuerr ef aof (1907} using an cntscly d;l‘mi‘l:
fimque found an {lular sodium space of 47 9 m) and exiracelu! :
chlonde space of 47 4+ ml 1 their 220 g, standard rat The sodium loss Fu[lo\und

the low sodium diet occurs thesfore mamly from the estracellular fluad 1
1 of the flud

1n the form of a reduction of the volume the sodium ccneentriio i
low sodwutn dict for three days H
Jost sodiaen 3

(Na) ¢ = X 095

remaining constant In the rats treated with
changes 1n the extracellular fluid account for 90 per cent of the s
the bone for J0 per cent In the rats treated for 5 days with tus diet the &
cellular flutd changes account for the complete loss of sodium cried
The weight loss in the sodum depleted groups almost certuniy vept P
flud Joss In the 5 day rats the s eight loss was 4 8 g and the reduction ":(.d:u
cellular volume 51 ml The corresponding, figures for the m:] l‘"’ e 1
restetion for 3 daysy cre 4 3 and ¢ 9 ml One explanation for this 1P|
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Table I Results abtuned n 200 g raly tecated with for sodum diet only and fow soduw det
s eombuiahios i th aerd sis $he Jalfer frodured by siraprdonral dislys 8 aga nst n ammon um
chlenide solutton

Typ. { weatment Group | Groug ¥ Group 3 Geoup 4
“orraat Low ™ dict {Low Nadit JLow Nadiy
usnsested Sdays Grat) | 5days trae) | 3 5+
geal 1 fMan2SD (Man=S§D cdoss
growp (8 15} {10 rats}
Meaa £ 8§ D Me nk S

Fasdw gh(g) 61 x 80 | M8 £23 56

T taf xch. body ¥ {m¥Eq} 903 = €2 9 Losz

k=
=
Ttlexthbody b fmEq)| 13262 82 § 12414110 & 13
Unn  luw 260 £2%0 | 126 £89 = 69
Ls a fmEay 981 = 03 044022 & 082
Las b (mEq) 080+ Q%o GR2 029 030
Totatbone Na cone, (smEqf
bgw thon } 036 £ 131 [ 1978 £99 * 86
Exthbons™a one(mEg)
k2w thea ) 1150 » 88 | 1105 £55 { U3} & 99 | 1058 4160
T tallon $, cone, fmEq/
S then ) 20 2 24 | 207 2272) 3 & 195] ;e & 223
Exch bone s onc fmEq!
kg w tuone) 207 = 2y | 199 2117] w3 = 43 | 2o a 37
Bam N oot fmBaffy {1980 = 16 | 1490 £709 11471 & 24 {351 & B8
P b onc (mbgff) 38 & 068] 40310181 35 = O51] 416 057

Lrn v Win dunag thoequitbr o on penod il mad o sowpos B the g tabob eages

discrepancy may be that the loss of clectrocytes from the eatracellular space
*as asoviated wadh o ma cmeat of  ater weo the ceffs

The finding of a reduced total hady potassium a pormal urmary polasssm
and 2 slighily slevated plastua potassu m concentration 1 the rats fed on the

" sodium dset for 3 days 1 1 agreement 3 wh the obsenations of Awoerson
aad Laragn {1958} The sodum restriction does not hamper the tenal abiliry
o excrete patascann sa Group 2 and 3 Table I The bones contrabure relatn ely
moze than the othes fuzsues to the potassium loss assoctated vith the carly phiase
of sodium HETIton

Bercstrow (1952) and Nexors and \ionots (1996) obtained a ngnificant
ng;" bene sodiuay an thewr deprivauon studies The sodium depletion hov
e ":?{‘ have been of a more marked degres s their experimients snce 185 as
\kf: U mcreunal diureues and Damex weatment In the expenments of
wd “ROE e al {1937} there 23 a conmderable fallan the sngachangeable bone

Ut fracuag by dhiet alone
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Table I Results obtarned 1n
of fune

N NORMAN

2008 ra 5 on kgh sodwum chioride widke for d flent periods

Group 1 Group 2 Group 3 Grup 4
4 days 6 days 8 days 15 fays
{6 rats} {13 rats) (7 rau) (8 rats}
MeanSD [MeanS D [ Mean S D [ Mean i § D
Fima) we ght (g) 1900 £ 68 1942 £ 93 f2021 & 79 | 079 3109
Totalexch bodyNa(mEq)| 3581 065 881+ 158] 866t 107] 9 3% 067
Total exch body b (mEq)| 13034 113 1329+ 243) 3 08k 085 MaGE 16
Urme solume (mI) 91 577 | 834 1547 | 810 77 | 409 2410
Uniwe Na (mEq) Bk 508 69 x 45 73% 481 3174 310
Unne h {(mtq) P39x 034) 117 03 { 125 o] om0
Total beneNa cene. (mEq/
£g wet bone) 1822 4103 | 9086 +165 [2152 & 71 {2114 2 313
Lxch bone \a cone. (mIgyf
kg wet boe) 1146 2 94 | 1130 4210 | 1156 £109 | 1151 =117
Total bone K conc. (mEqf
Lg wet bone) 231 % 18] 237 & 28 233 £ 42| 345 2 39
Exch bone k. conc (mEqyf
kg wet bone) 230 = 20 | 235 5 39| 262 & .8 200 & 44
Plasma \a cone (mEqf))| 1504 = 33 1486 2 2.4 | 1479 2 27 [ 1485 30
Plasma k. cone (mEa/l| 31 = 034] 34 2 09| 35 = 03] 3 0= 0%

As Table I

{adosts (Table T Group 4)

Groups 2 and 4 were dentcally treated apart from the induced acdusts
Group 4 displayed an addiuignal significant fall (I —0 05) in total be dy sodium
when compared with Group 2 When compared v 1th the narmal control tats
1 Group 1 the difference was statistically sigmificant at the E—00! Ievel for
the body weight the 1otal body sodium and the total and exchangeable bore
sodium concentrations The parallel £ull 1n the tctal and exchangeble b(rlt
sodium (P—0 05, indicated that the sodium was lost from the exchangeable
fracion  The acidotic rats showed a marked reduction of sodsum 10 their urire
n spate of an inereased unne volume and shightly increased unne W‘w‘”m(

3 sumilar caleulation for the aadaosis group in Table I as cmployed above Lr
the rats on low sodum diet gives an extracellular fusd v Jume «f 31 11';’
Group 2 1 the same table has an extracellular fud volume of 3§ 4 m! j
nduced acidosts has caused 4 loss »f 0 6J meq of sodwm from the Tat l)od)l ’
can be seen by compann,, the total exchangcable body sodium vajues ';7‘;”7
13 made up of 1 a shnnkage of the extracellular solume ¢f 28 ml}\ux{lwun“
meq sodium 2 a fall in extracellular sodium concentration s hich .zm ey
for 013> meq and 3 a fall in exchangeable bone sodsum conccn;r;uﬁum ;
accounts for 0133 meq of sodivm 19 3 per cent of tie sodtum fuss



BONE NAT AND A¥ METABOLISM IN RATS I 379

aaidasts as such 15 therefore taken from the bones When the toral reducuon in
body sodium resulting from the low sodium diet and acidoss 15 considered
only 132 per cent 15 cavered from this source Acdosis rather than pure
sodium depletion thercfore + 1ll remove sadium fram the bone matnx m ac
cordance with Berostrov s {1923) hypothesis of exchange s 1th hydrogen tons
at this locanon The size of the bone contnbuuon mn the presented acido 18
£Xpenments 18 more 1 agreement 1 ith that found by MNosors and Nicnows
{1833) than by Berastron {1953)

Sadum chlaride loadin, (Table 11}

The unnary volume and the unnary sodwim output fram the Jast 2 hours
mdieates a very high sodium turnover induced by the procedure The rats
thened on the diet and they ganed steadily 1a + exght dunng the 15 days of
treatmient The greatest changes agamn accurred after the shortest pened of
treatment In Group 1 plasma sodum and total body sodwm v ere elevated
The plasma potassiwm 1 as lov 1n all of the groups in Table 11 but lowest 1
Group 1 It 25 most remarkable that the bone sodmm concentration + as
seduced (G005 > F > G01) 1n this group \ hen compared to normal un
freated controls Total bone sodism cancentraton  as slighthy tucreased m the
other three groups the highest value v as found n Group 3 (P—005 versus
the controls) A derable vananon 1 the concentration of the
exchangeabie bane sodium occusred 1 Group 2 In Group # the total bone

Potassium ¥ as markedly ancreased (P~001) i companson with untreated
Tats

The results agree vath earber findings as regards the great capactty of the
13t kudrey to handie encess sodwm (WESsos ec ol 1930 Rerros Borack and
IsEcescnen 1954) On the other hand the data also sndicate that 1be mecha
fsms imolved 1n the adaption of the r2ts to the abnormal salt mrahe veed a
erlain ime 10 be fully effecn ¢ In Group | aficr 4 dass of reatment there s
ashght sedyum retention as sho w by the high total exchangeable body sodmum
the bugh plasma sodium and an extracellufar \olnme of 44 0 mi {cafculated as
before} The fow plasma potassum and 1otaf bone sodsurm concentrations
indicate the strat an the mechanisms wmaked The findrag of a relatne
teduction of the total body exchangeable sodium and of the extracellular spaces
(334and 37 6 m1 respectivelv) 1n Groups 2 and 3 after 6 and 8 days of treat
Weal may he T as signs of ov In the last group after
13 days of treatment body aght (2079 g} total exchangeable body sodium
and extracellular space (44 2 ml} are again i normal proporuon  Significantly
 this group wnae salume and sodwum content are much smaller than n the
:.m" graups Thus again may be wnterpreted as represenung an adaptation

the constant abnormat tmtake o edema y as preseat The possibibity also
:’“m that the decreased sodium potassum and  ater output 1s caused by
el incapabulity w beepng up  1th the load \o cxamunation of the hdneys
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Table III Results obtamed followtng alkatos wduced by wtraperitonzal dralysis against sod un
Sucarbonate 1n rats on standard diet and low potassum dict for 9 days

Type of treatment Group | Group 2 Group 3 Group ¢
Standard diet [Low h diet |L whdet jLowh det
-+ alkalosis (8 rats) 4 alkaloss {9 d ys 2daps
(8 rats) Mean S D (8 raw)) Doca + ahtal.
Man£5D Mean£5 D [ (8 raw)
Mean £5 D
Final waght (g) 1951 & 75 11528 &£ 79 | 1538 & 73 | 1504 = 48
Potalexct bodyNa(mEq)| 8763+ 037 699% 047 734% 07) 767% 0
Lotal exch body h (mEq}| 13114 179 988+ t0s| 982+ 165 985+ om
Unne volum  (ml)* 87 % 23| 39 & 22| 102 & 64| 90 x 68
U ne Na (mEq) 1184 026] 042+ 023] 135 028] 106k 037
U k (mFq) 1134 020 023+ o011 041+ 022f 043 0W
Total bone Na conc (mEqf
kg wet bonc) 2142 4204 | 2088 1102 | 2002 £13) [2008 £107
Lxch bane Na cone. ( I
Egwet bo ¢ . 139 & 69 | 1067 + 82 [ 1122 & 65 | 108 = 7¢
Total bo ¢ k conc. (mEq/
Lg wet bone) 242 L+ 22 | 245 & 27 | 243 £ 15 20 £ 38
Exch bo ek conc (mEq/
kg wet bone) 235 4 25| 209 & 34| 207 &£ 51| 124 =38
Plasma Na ¢ nc (mEq/l)| 1451 & 23 | 1488 + 1 [ 1466 + 39 | 169 = 3
Plasma h conc mEq/)] 34 & 08 | 34 x 045] 35 & 083} 33 = 02
A3 Tabl 1

for structural changes was performed The 4 to 5 per cent inerease of sodwir
concentration i bone represents the cxtent of storage of this won i tus lumuu;
Nicrots and Nicnovs (1906) found an 8§ per cent gain n the total sodium witl
chrome sodium loading, in the dog,

Low potassuum diet (Table 111 Group 2)
The rats did not thrive on thus diet they huddled 1n the corners of the ms\tn
and finally almost stopped caung Ther fur became dull and mucr')(w)
anorexic effect of a fow potassium diet was observed by Swinis o of { o
There was a stausucally  ynuficant fallin weight total body sodium and pol g
sium (P—00', 1hc other parameters did not display 1wy marhed sl.:m \
ficm untreated rats A conunued potassium loss took place in the unnc; u’:h 9
out the expenimental period the unnary potassium concentration r)::.d?.m
meq | on the 9th day of potassium deprivation On the 6th d? (mn)!l-lm
depnvaton the unnary sodium was only 20 mcq/ll + hich agam dew
cater efficiency of the sodium preserving mechanisms J
lh?r%; measurement of the weight and the total exchangeable s;xf:u::l:’:“
potassium spaces 1n these rats reseals a proportional relauonshi
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Table IV dccount of the ¢ temmal tod uam p tassur and chlonde gouns and losses wnduced By the
alvaperitonead 1 yction of bucarborale solubion

Mean alues expressed m mEq

Grup t Group 3 G oup 4
Sod
Injected wteapenstoneally 2s NaHCO 5410 1810 1830
Remav d n dulysate 2768 1806 1778
Mt gawr to 1he sat body by d alyss 3616 1021 302
Recnered i the urne durmg th dualysis 2,561 1o 18/9

wm left s th rat of * dily w0 1082 (Y 115

P vraum
Injectad nt apertoneally a3 AHEO 0007 0006 2005
Remoy d s dualyaate 066l 0542 0038
Rea ed fr m the rar bady by dat s 00+ 0036 gq32
Reeovered wn the urm dunng th dualyss Q088 0062 0129
Negau ebalan  after dalyms potass um 0152 o598 016t
Chtad
Remoyed 1 dialysace 482 0546 a4t

sdenucal to that of normal unweated rats This lends support to the view thag
the results obtaned whule rep g p deprivation stiit to a large
extens reflect an effect of the asotiated seff induced stanauen Furthermore

'S proportional decrease does not lend support to the vie v that sodm 15
substituted for potassiuns m muscles and other tssues during parassium deprt

;“‘"" (Gavsie ¢ of 3930 Cresn and Wast 1956 AspERso~ and Lararu
808)

Akaloses {Tahle 1 Groups 1 3 and 4 and Table IV,

Asshovn sn Table IV the dualysis finally left about 1 1 meq of sodmm in all
Svpes of rats 1n addition the athalosss \ s3aggra ated by the remonal of chlarsde
but rehieved shightly by loss of potassium in the srine dunng the procedure
Thas Last effect v as mamby presentin Group § The net result was a dusplace
meut ;m the direcuan of alhalosts of the same extent i all three groups of
Amafy

Turning to Table I the great capac tv of the narmad rat kidacy to handie
the deute sodium bicarbonate eacess st € tdent In Group | 2/3 of the absorbed
foad 15 excreted durng the 3 1 ours of dialyus nd the remaning 13 dunng
the follgy ang 43t ours The excreted amount actually shghtly exceeds the load

© 2t base ymbalance caused by the chionde loss is fully compensased for
by the potassium excreuan Both the total exch sodwim and g

$633015 A ¢ phy 1 a @)
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are shghtly lower than normal ndicating that the Joss of chlorde almost
totally an extracellular 1on 15 bal d by a red of cauons from the
intra and extracellular spaces

The merease m total sodum space m Group 3 and 4 when compared with
Group 2 the control gioup of this senes indacates reduced efficiency 1n the
handbng of the alkaloss When the unnary sodmsm s comparcd with the
amount entering the rat body a small sodium retention 1s demonstrable 1n
Group 4 but not m Group 3 The potasstum excretion 1s shghily larger
Group 4 than i Group 3 Both of these cffects are probably caused by the
mjection of desoxycorticosterone 1n the rats of Group 4 In both groups the
chlonde loss 1s very far from beng, compensated The potassium depleted rats
are stll 1n a severe state of alkalosis at the end of the obscrvation period
confirmatory to carlier obserations {CoonEe ¢t 2l 1954

The reduced abihity to excrete potasstum in Group 3 does not depend upon
a low plasma p the plasma p level being similar to that of the
rats 1 Group I A non availabiluty from the ussucs 1 the potassium depleted
rats may explun the falllng excretion

Some storage of sodium may take place 1n the bones duning alkalosis the
changes scem to be confined to the inexchangeable fraction and to be influenced
by desoxycorticosterone

The results have been collected 1 expeniments that put severe surun
sn the electrolyte regulatory mechanism of the rat  The aadosis hea
:amed out with shghtly larger doses of intrapentoneal dialysate or over

- longer periods than usually used resulted 1 a high mortality rate
The same apphed to the expeniments with induced alkalosis The petassium
iepleted rats were monbund During the sodium loading the the sodim
urnover 1n the rat orgarusm per 24 hours by far excecded the total body
odium content of the rat In spite of this the total bone sodium concentratio?
aned only from 189 7 meq/hg in acidosis to 211 2 meqjhg i alkafosss. The
difference of 21 5 meq/hg corresponds to 10 per cent of the total bone sodium
The difference between the 1 above 13 calculated to be
047 meq or only 5 per cent of the total exchangeable sodwm 0 the 200 g rat

‘The constancy of the bone potassium coneentration 1s stiking The vamanons
10 the bone sodium and potassium concentration do Bot run 1 parallel Tie
expertments presented certainly indieate a much smaller importance of bont
as 2 sodium and potassium reservorr than 15 often assumed

The wo k was made possble 1 o gh a comol dat o grant { m Tie M dal lirzwvh
Councl of Canada to Dr § S L. B own i whose departmert ti 1 tudy was ca Jutt!
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The Participation of Bone 1n the Sodium and Potassium
Metabolism of the Rat I

The effect of adrenalectomy, cortisone, desoxycorticosterone
and 2 methyl 9 ¢ fluorchydracortisone

By
N Noruan*
Recer ed 23 August 1962

Abstract

NORMAN N The pa twspation of bone n the sodwm and potassum
metabolism of the 1at [ cta physiol scand 1963 57 38+—346 —
Expeniments were performed on the effect of sodiun load ng and
sodiun depletion 1n adrenalectomiized rats Tlese treatments
v ere combined with injecuons of cortisane desoxycort costerone
acetate and 2 meth 1 9-¢ fluorohydrotorusone 1n unoperated as well
as adrenalectomized amimals In the monbund tage afier adrenal ¢
tomy when total bady cxchangeable sodium  as reduced by more
than 75 per cent only 6 per cent of the lost sodium was deny d from
bone The effcet of the cortical compounds was f und 10 be entr fy
dependent on, and varying with the parucular state of the test
ammal, its clectrolyte 1ntake the length of ume on t ¢ diet remn
and v hetber st was adrenalectomized or not Oaly sl ght contn
butions from the bone ta the total body pool of sod um and patas
sium were noted in these expeniments with the cortical cor pounds.
Irofound changes we e however produced nder fauor sfup be
t cen the exchangeable and exchangeable fracton of th bosic
sodium by U cse compounds m com bination witt sod um load g of
the ammals. The observat ons are ducussed 1n relation to prescat
day concepts of the mechansm of sodum bindug i bore ar :ﬂ-;
pasuble connection to th  pathology of collagen ducase 1 po?

out

Present addrew, Aker Howpra! O lo Narw y
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In companson with the very great number of publications on the effect of
adrenalectomy and adrenal cortical compounds on the excretory aspects of
sodium and potassium metabohsm  the studies directly concarned with the
snfluence of these treatments an the bone electrolytes are few Witere and Rowr
(1904 1925) found a shght fall 1n bone sodwm and a shght increase wm potas
sum after adrenalectomy Thewr bone samples included however the total
skeleton with martow pieces of endon and spinal cord Franagan and OveRr
uan {1949) Franacan Davis and OvERMAN (1950) and Sterx ¢ of (1951)
assumed that sodturn was depasited m bone after adrenalectomy on the basis
of external balance studies i b wath llular space
ments They were unabic to confirm this by direct bone analysis WoonBUrRY
(1953) could prevent sodim loss from bone whach occurred in hus rats during
fasng by grving desoxycorticosterone Nancrease tn hone sodwum was observed
w fed rats that were gwven the compound Munroe SatgoskARr and WiLsos
{1938) were able ta show that bone sodwum decreased after adcenalectomy and
low sodm dict the lass occurred from the exchangeable fraction

The rel between the exch ble and ‘ ble fr: of
sodwim and potassium 1 bone during the vanations m electrolyte sniake and

with cortical pounds bas not been stuched before The location
of the two fractions 1 the ultrastructure of bone s not estabhished HeNDRICES
(Eversan Jamss and Moore 1952) considering all excess bone sodium to he
located on the surface of the apatie nucro erystals suggested that the ex
change was incomplete because of the naccessibility of parts of these surfaces
In thus view he has been suppaorted by Nicsots and Nicrots {1956) Considening
the complex structurc of the cortical bone substance with close lnbage be
 een crystals mucopolysacchandes and collagen fibres other possibihities
certanly present themselves The study of chendroiun sulphate by Farsex
and Scuupert (1857) 15 stmulating 1 this respect As yal} be shov o some of
the results obrauned in the present study are difficult to explasn on the basis of
Hendncks hypothesis

Experumental Procedure

Methode

For methods and cal wlat ons the reader 1s referred 10 NORMAN (1963 a) Male rats
ofth haoded Royal V ctor a Hosp tal st7a 0 we ghing b tween 198 and 202 g+ exe used
throughour.
Dats

“The exper mental d ts ha & b en deseribed elsewhere (Nosuax 1963 b
2 en lectomy

Both adrenals we em ed n ane stage under iher ancsihesis and ar 1l nto
l.‘)tmo\e them w thun the r cap wies In the postoperats © penod the cats alwa s reca od
9 per cent sof um chlond ad {&iwm @ the  dnnling find D tary 5 gimes wer
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Table I Results obtaned 1n ®00 g rats after 5 days on the low sod um duet combined wuth
cortisone _ desoxeorticosterane acplate (Doca) and 2 methyl 9 a fluorohydraco tiso 2
(2M9aF) treatment

Tvpe of treatment Group 1 G oup 2 Group 3 G oupt
Low Na Low Na diet |LowMader JLow Mada
det only -+ corusone |-+ Doca + M™NOF
(6 ats) (6 1a) @ aw) (6 rus)

Mean+S D (Mean4SD {ManxSD [Meank5D

F nal weight (g) 1813 &+ 56 | 1735 4125 | 1810 1 f1881 2104
Total exch bodyNa (mEq)| 814+ 085] 7461 0431 83>x089] B4 & 03
Total exch body K (mEq)| 1380+ 100] 1219+ 074] 13752114 ] 1325& 192

Ur ne volume (ml) 108 + 730 11z &+ 51 12.8 37 67 = 19
Unine Na (mEq) 027+ 023 009x otlof ©32x021] 036k 029
Unine K (mEq) 078+ 027] 063+ 020 O0/B4016[ 06tx 03
Total bene Na conc (mEqy

Lg etbone) 2053 +£160 | 1987 +n96} 19 0 £96 [2000 = 69
Fxch. bone Na conc. (wEa/

g ct bone) 181 £ 99 [ 1180 103 | 1064 £47 |10 £ 96
Total bone h con  (mEq}

kg wet bone) 243 + 20| 243 £ 368 67 x661[ 226 = 11
Exct bone h conc (mEq/

1g wet bone) 275 + 45 | 292 £ 27| 8 £63 | U8 xS
PlamaNaconc {mLqf) | 1471 & 24 | 1474 & 35 | 1475 £18 a3 & g’
Plasma b conc (mEq/) 39 & 0o1] 42 & os0f 36 z037] 41X

Unn solume during th last 15 hours

the
instituted 2+ hours after the operation The hormone treatments were started on
dav of oreration

Hormones

The hormone preparations were njected every da
Cortisone {Cortone  Merck) 125 mg morring and aven
acetate in sesame oil (Csba) 05 mg in the morning 2 methy
(Upyohn Company ) 0 01 mg 1n propy lenegly col-cthy lalcohiol

y subcutancowly a5 follo ¥
ing  Desoxycort ostevas ©
1 9-a flucrohydrocurtisone
mormng and € eund

Results ;
The effect of low sodwm dict and adrenal cortical compounds 1n watact ols (lable ', I
0|
Group 1 recened the low sodum dict only and 1t senes as alc:::houl
should be recalled however that such rats have areduced Lody v tl;,!‘” Geoup
exchanyeable sodium compared with rats on dard diet (Fable

1}t
Cortisone but not the two other sicrowds nduced 1 fll 1n b;‘é;)“'l;“
total cxchangeable body sodwm and potassum (0 /10

(CTad
caused a ugmificant fall in tatal bone sodium (1—~aal)

Tl ¢ effect of 0¥



BONE NAY AND Rt METABOLISM 'Y RATS T 387

Table I¥ Resulis obtamed in 200 & rals afier € duyps (greup T 2 5 4} and 15 daps (group 5}
o3 4 Asgh sodiwm ntake combined with corduone desoxyeortiussizone acetole (Deca} and
2 metkyl 3 @ fuarshy drovortisone {2 MIaf} trestment

Type Fucatmens |G oup | Croup 2 Goup 3 Cooup 4 Croup 5
St nd vdd et [Stand o oy 3{Standa d daer|{Standard d ot { Standa d dut
SN T 4 NaCl -+ NaCl “+ NaCl +Nall
{13 rau) + n ome |4 Doca -+ 2MGa¥ -+ Doca
Mean 5 D {(6 ras} (12 sats) (LS {7 xats)

ManL 8D {Mean£S D {M 55 D [MeantS D

Fualweghtfg) | 1047 4 63 {1812 & 96 {189 2107 {1977 & 74 {2045 & 75
T 2l exch body

N {mBq) BB: 1 & T4 161] N8k 113 Wbk 246 P8z 006
Tl cxeh Body

A {mEg) 13294 243 1178 093] 19394 161 12404 106) 15224 1 §
Lmn v Jume

ot} 934 £547 | 969 1590 | 534 2499 | 772 4240 | 831 2366
Lm da(mEq)] 694 45] 807£53{ 482 381 76 % 34§ &304 404
Lr ek {mEq) LU 0300 1024 027) I} 4 043] 1244 027 0924 033
Tulbon ha

one (in¥qlig

wet banc) 208G 2365 19934 £ 73 {19 9 £ 55 {2007 & §3 (2SS & 704
fack bom N

ton  {migllg

w t bone} 1130 3210 11030 &+ 89 {3262 £355 {156 212 {138 x eM
T 1atbon Icone

{mEqitg w t

boz } 237 &+ 2930 288 & 141] 233 & 426 UL £ 2H] 171 3 2}
Exch bon & on

imEgitg w ¢

i 235 4 36 ) 233 & 243] 236 & 377] 202 2 29 { 180 £ 793

Plasma Na cone

{mEqj1) 1986 £ 24 {14 0 & 34 L1466 = 39 [152 3 24 11495 4289
Flasw &

n
(mEq{l) 34+ 092] 42 % 063{ Fotx 05t] 27 & 627 24 & 036

LUtin  fem dumng th fas 15 bours

20d Doca on the exchangeable bone sodmm differed statstieally (P00 01)
Bone and plasma sodum and potasssm dsd not othens se devate from the
values wn untreated anmals

The sxtraceliular fusd <olume  as by caleulauon (Norvax 1963 b) 36 3 mi
m Group ! and 314 mi m Group 2 the fstter hasuing tecened cortsone
The vespects ¢ exghs of the rats i these groups + cre 1813 g and 1735 5
The werght do s as thesefore w th s wastance not completely accounted for by
the shankage of exsracellular flurd volume tssue mass a5 3 ell must bave been
Feduced sn tle corusone treated group The fall 1 ol potassum 1n these
Ammals supports d s contenuen
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The effect of sodwm loading and cortical compounds . ntaet rats (Table 11)

All rats 1n this series were thrving duning the espenmental period

Comparison of the data from the groups of rats fisted 1n Table I1 with those
of untreated ammals (Table IIT Group 1) revealed no statistically significant
deviation in the group receving the sodium chloride loading only Lhe added
cortisone treatment gave a sigmficant fall 1n the total exchangeable potassium
(P—001) the 6 day Doca treatment caused an increase 1n the eachangeable
bone sedum (005 > P > 001) and the § a fluorohydrocortisone produced
a fall in plasma potassium (P—0 01) and an mncrease 1n the total exchangeable
body sodum (01 > P > 005)

The separate effects of the 6 day admimstration of corticosteraids dunng the
loading expermment can be evaluated by companson of Groups 2 3 and 4 with
Group 1 1n Table 11

The most marked changes followed the cortisone treatment which cavsed a
fall 1n body weight (003 > P > 001) a fall 1n total bone sodum (05 > P >
> 001} = fallin plasma sodium (0 05 > P > 0 01) and an sncrease in plasma
potassum {01 > P >005) The reduction 1 the total exchangeable body
sodium and potassum was not statsucally signihicant

Doca treatment resulted in a reduction 1n the total bone sodium (002 > F >
>001) The results in Group 3 and 4 otherwisc differed sery httle from those
of Group 1 The elevated exchangeable sodium in the bone in Group 2 although
’smhng 1s not statstically sigmficint

‘The body weight total body sodium and potassium mcreased ngmficantly
i Group 5 (Doca + NaCl 15 days) The proportion between thesc parameters
was the same as in untreated rats and 1t 15 probable that the observed i
crements represented normal growth The sigmficant fall i bone potassum
{P—0 01) might be mterpreted the same way as the bone potassum tends to
fall with age (Noryax 1963 a) The tnereased total bone sodium (P-—Oﬂlx)
the low plasma potassum (P—001) and the lugh plasma sodium defintely
resulted from the treatment

The ffect of low sodium diet and adrenal cortical compounds adrenalectoms od 1618
{Table I1I)

The rats on the low sodium diet after adrenalectom: A
normally for the first few days From the 5th day postoperanvely they et
rated rapidly stopped caung and huddied n the comers of:hc mgc&smupa
mosving more than 50 per cent of them died on the 6th and 7ths day o
18 a collection of such rats Smaller amounts of blood than usualy cre um o
from these and the hematoerst value was visibly wcreased 1he uc:um; n e
Doca and 9 a flucrohydrocorusone hept the ansmals close to nunn-:l e
penod of observation Cortssone on the other hand was cleatly fes a
These rats were weak and 10 poor condition

y hept vell and 3¢
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The main effect of adrenalectomy and fow sodium dict was a marhed fallin
total body sodium and an increase i plasma potassium (P—0 01) occurrng as
catly as the 3rd postoperative day Two days later the changes were still more
marked and additionally a fall 1 body weight (P—001) n plasma sodum
(P~001) and 1n exchangeable bone sodwum (P—0 01) sas found The total
bone sodium and body p were not significantly below the normal
range The total sodm loss amounted to 2 41 meq and the weght loss to
195 g 1n the course of the five days when compared to the normal 186 1 g rat
The calculated extracellular fluid volume was 41 4 ml and 30 2 ml respectuvely
The vanous body compartment coutributed to the loss as follows shrinkage of
extracellular flmd volume 75 per cent fall in extracellular sodium concentra
tion 19 per cent and loss of sodum from bone 6 per cent

The addition of cortusone during the expenimental period still left the aimals
with a reduction 1n body weight (£—0 61 and total body sodwm (P—0 05}
at well as an elevated plasma potasaum value (P—005) The total body
Potassium was reduced (P—0 05) Doca mamntamed body weight total body
sodum and potassum at normal levels but the plasma potassium remained
elevated (P—005) In these rats there was a sigruficant merease m both total
and exchangeable bone sodum (P—0 05)

Finally the 9 a fluorohydrocortisone hept the weight and plasma potassium
concentration withun the normal range but the total exchangeable body
botassium (P-~0 01) and sodium (0 0o > P > 0 01) v ere reduced as was the
total bone potassium  Both total and exchangeable bone sodium ¥ ere below
normal (P—0 1 and P-—0 01 respectwvely)

Senes of sham operated animals recewved the low sodum dict The data from
these did not duffer from those of unoperated groups

The effect of sodium loadsn,, and adrenal cortical compounds 1n adrenalectoms.ed rats
(Table 1V

The ratsin Groups 1 2 and 3 behayed normally untl the tme of examination
The results show that there was a temporary set back folloy g the adrenalec
tomy as demonstrated by a reduced total exchangeable body sodwum (1 —001)
and potassium (0 04 > P > 0 01) at + days the measurements returned to the
mormal range at 6 and 8 days The only exception to ths beng the shghtly
elevated plasma potassium and the lov plasma sodium concentration (P—0 01)
The exchangeable sodium 1n hone vaned considerably in the rats after 6 and
8 days of treatment

Ingroup ¢ Lept on sodwm chlonde and glucose for 15 days 6 of the onginal
8 rats started a down hull course 8 to 16 days postoperatinely and one of them
died The data i Table IV are from the suriviog o rats The monibund state
of thesc animals 1s reflected by a very low veight (P—001) total body potas
sum (P—0 01) and sodium (P—0 01) The plasma potassum as not signifiean
Iy elevated but the plasma sodium + as far below normal (P—001) T
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Table I Results abtawned 1n 200 g adrenalectomuced rats fostoperatirely gien the low sodum
cortisons (2AIGaF) treatment

Type of treatment Group 1 Group 2
Untreated stact Adrenalectomy
(18 rats) + low Nadet
Mean £ S D 3dys 8
Mant$ D
Fuaal s eight (g) 1861 + 80 149 + 82
Total exch body Na (mEq) 9034 072 76+ 03
Total exch body k (mEq) 113284 12 13372 1639
U ne volume (ml) 360 4260 89 = 78
U me Na {mEq) 0814+ 030 036 0533
Urine & (mLq) 0904+ 02 075+ 026
Total bane “a conc (mEqjkg wet bon ) 2036 131 1962 159
Ex b bone Na conc {mEq/kg et bone) 1350 + 88 120 & 74
Total bone K _onc. (mEq/kg wet bone) 260 % 24 307 & 491
Exch bone K conc (mFq/ig ct bon ) 27 42 251 £ 418
Plasma Na cone. {mEq/l) 1480 % 16 176 & 47
Plasma h conc (mEq/l) 38 + 060 48 & 048

U n v lume duning the List 15 hou s

Juction 1n exchangeable bone sodium and total bone potassium concen{raton
was significant (P—0 01) The mean value of the total bone sodm 13 the
owest observed duning the experiments but because of the vanauon 1n results
only of borderhine sigmificance {0 [ > P > 00a) Calculation on the basis of
he mean value mdicated that the fall in bone sodum concentration accounted
or close 10 20 per cent of the total sodium loss The remainung 2 ratsan Groug
| continued to thnve and at examinauon after 15 days of treatmient shot ¢
entirely normal results No accessory adrenal tissue was found at autopsy

Of the corticosteroids cortisone had the most marhed effect In Group 3
the total exchangeable body sodm was reduced to the same level as scen !L“‘
adrenalectomized rats recening no supportive therapy The unine solume .’Im
the sodum excretion were much lugher than 10 any of the other adrcr)‘al::l
tomuzed rats and sigmficantly different (1—0 01) from those in (.-rouPé v .
were simlarly treated but recenved no cortisone The other paramictersut Bro p
5 were withun the normal range

s ard
Doca administration resulted m ncreased v eight total body sody A

potassium  (P—001) \ hen compared to Group 2 Total bone wdl;m;l‘:a o)
creased (003 > 1 > 001) and exchangeable bone sodxu:r; seduced {
leve
“The plasma clectrolytes v ere matntaned at 1 normal body
9 fﬁumoh)drbcomson: causcd a profound fall in total udmn,,:;l;‘:d p
potassum (P—001) 1n plasma potassum (P~-0 03) and boifs 10!
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et and add tonally cortisone desoxy o bicostero ¢ ceetate ( Doca) and 2 methyl 9 @ fluorohyd o

Gop3l Goup 4 Gr up 5 Group 6
Adrenalect my Adrenal clomy Ad enalect my Adreualect my
+ low Na diet 4 low N dit +lovNadit +1vNadit
5 days (11 rats) 4+ oruson 4 Daca -+ 2\gaF
Mean S D 5dys (7 aw) 5 day (6 rats} 5 days 6 ¢ 1)
MenkSD Mean =5 D AMean =8 D
1666 % 51 1743 & 83 1892 & 303 1848 = 48
662+ 065 7383 089 895+ 019 827 1 022
12364+ 229 118 + 133 1407 1 068 1egL g1l
70 £104 125 118 33 £ 18 36 £ Il
o1 E 012 024 £ 020 022% 008 012 001
036+ 021 08 & 020 04 & 021 067 £ 004
1566 +180 2031 1325 2152 % 1062 1921 £ 141
977 115 1069 1097 41 4 68 1035 £ 64
328 1135 276 + 309 29 £ 14 205 + 2i2
216 3 497 244 £ 262 268 + 319 213 & 162
179 & 70 171 £ 49 1502 & 34 1455 £ 03¢
55 & 132 47 £ 038 45 x 041 40+ @a7

changeable bone potassium (P—0 01) The weight of the rats was normal but
total exchangeable body sodmum was clevated (P—001) Total bone sodium
was shghtly low but only the ex ble fracuon signifi 1y so {(P—0 01)
Scnes of sham operated rats recenved the sodwm chlonde and glucose
treatment 73 he data from these did not differ from those of unoperated amumals

Discussion

In the follovng the results from the expenments here presented as well as
some of the results in the papers of NORMAN (1963 a b) are discussed

The total body wesght and electrolyte changes observed after adrenalectomy
and low sodium diet {Table 111 Group 3) correspond very closely to those
found by Warre and Roir {1905) In thew rats body potassium was reduced
by 66 per cent body weight by 14 per cent and bodv sodwum by 22 1 per cent
The bone results are not directly comparable since they used bones including
marrow spinal cord and penosteum Thev found a 4 5 per cent decrease 1
sodium and a shight increase in potassium  results ¥ huch also agrec faitly v ell
with ours Bone thus L hittle in P for the severe sodium
loss 1n acute adrenal i The results ok d when with
sodwm chlonde and glucose maintamned the rats for 15 days (Table 1V
Group 4) mdicate that the release of sodium from bone may be greater with
prolongation of the hme interval up to the final state of adrenal insufficiency

Doca increased bone sodium 1 three of the expenmental situations (Ta -
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(l'za‘bll:? ;;) Results obtaned sn 200 g adrenalectomst ed rals postoperat ely on a hugh sod umintake
All rats were adremalectomuzed

Type of treatment Groug 1 Group 2 Group 3
Standard diet Standard dict Standard dict
+ Nl + NaCl + NaCl
4 days (7 rats) 6 days (20 raw) 8 dayy (8 rats)
Mean £S D Mean+S D Mean 2 8,0
Final waght (g) 1800 L 99 1820 £ 97 1300 146
Total exch. body \a {mEq) 780+ 066 8934 08f 860 136
Totalexch. body h (mEq) 1186 1 089 1300 165 1359 102
Ur ne s olume (ml) 88 + 80 203 152 388 +314%
Unine Na (mEq) 13 £ 11 25 & 13 3nnx 21
Urine R {mEq) 057 & 023 068+ 014 077 % 038
“Total bone “a conc (mEq/
4g wet bone) 2022 £ 164 2067 12 2016 & 3
E ch. bane Na conc. (mEq/
Lg wet bone) 1067 £ 94 1178 £306 1027 £210
“Total bone h cone. (mEq/
kgwet bon ) 29 + 207 231 + 37 263 & 415
Exch. bone h cone (mEq/
kgw tbon ) 80 = 347 239 + 949 251 = 6F
_Plasma \a conc. (mEg/l) 1424 £118 1424 + 37 Wz x5
Plasma h con  (mLqfl) 43 + 026 42 3+ 00 42 £ 047

Unine olume duz ng the la t 15 bours.

11 Group 3 Table II Group 5 Table IV Group 6) Noncrement exceeded
6 to 7 per cent of the normal value but even so thus was higher than dunng
sodium loading and alkalosis

Our expeniments emphasize the stability of the total bone sodsum concentra
tion rather than the importance of bone as an avulable source of sodium 1t
the course of extreme changes 1n the body content of this clectrolyte

1n normal sntact rats as well as in all experimental roups recening fo
sodwum dict the proportion between the exchangeable and the inexehangeable
bone sodium vancd very bittle When the rats received the soduim chionde 38
glucose solution in the drnking water however the ¢snstant proparon be
tween the exchangeable and mexchangcable bore sodwm frachons V3
severely disturbed as \lustrated by the lar,e standard dovistirns of the t?
changeable bone sodium concentrations in these ,r ups { Fable 1T Gm;ll‘w'
Table IV Groups 2 and 3) The greatestvariation wasf undn theadreral Kud
mized arimals In Group 2 Table 1V the exchan,cable bone sodium ‘Zu
from 3. per cent 1o 90 per cent in the normal rats bets cen 57 and 60 x;;} pi
This varability folloy 1o sodium loading v as most marked after G 10 A
of treatment 10 both ntact and adrenalectomuzed ammals Tt 133
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somb ned wnth cortisane  desoxycortuosterone acetate { Do a) and 7 methy? 9 @ Auorohydroortisone

Crup 4 Group 5 Group & Group 7
Standard ¢ et St ndard d et Standard d et Standa d d et
Na + NaCl + NaCGl + NaCl
15 days (5 ats) 4+ ¢ usone + Doca 4 2M9uF
Mean£§ D 6 days (6 rats) 6 days (7 vats) G days (7 rats}
Man+£8D Mean+5 D Mean £ 5 D
812 & 8, 185 & 22 1999 4 83 W17 2 78
1% 008 561+ 151 10094 079 10044 045
Nt 16t 1267 £ 085 1499 1 6 100 1%
106 3 78 24 3539 385 £363 321 £312
1481 06} 414 45 360+ 301 28 & 232
0Kk 013 1154 07 1294 08% 068 4+ 02
W62 £267 2034 & 37 2105 1151 1942 & 916
1030 & 63 1188 +107 Sia 1363 1023 + 69
195 k318 259 + 182 248 ¢ 203 198 & 22
L3 & 230 246 & 12 261 4+ 323 21 & 318
149 & 45 1484 x 37 1499 & 52 476 1 302
41 & 03¢ 4% 096 41 x 07 31 % 062

fluenced by the corticosteraids Corusone mamntained the normal vanability
and a normal proportion between the thwo bone sodium fractions (Table 11
Group 9 Table 1V Group 5) Doca greatly increased the vanability and the
exchangeabibity in ntact rats (Table If Gre up $) and reduced the exchangeabst
MY i adrenalectomused rats (Table IV Group 6) With prolonged treatment
8 normal rats (Table 1T Grcup 9) the exchangeabihity returned t normal
%afly srohydrocortisone {Lable IT Group 4 Table IV Group 7) mamtained
the umformry of the group response but reduced the exchangeability 1 the
adrenalectomuzed rats

The sodhum Ioading experuments caused a tremendous turn over of sodm
B heratbody as hov n by the unnary excretion values Carcful exammation
fevealed that no technical exvor or unrehable plasma speafic acvity measure
TRl resulted from thus The fact that the cortisonc Weated ammals 1n which
the volume of unne and the excreuon of sodium were highest mawntained the
most normat relatonship between the t o bone sudium fractons suppors thus
attenuon

The erchangeatility which reflects the physico-chermical bnding of sodmm
® the vitrastructure of cortical bore 15 miluenced by the mtake of sadiu
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chlonde and by corticosterods Tt ss dufficult to fit this obsersauon into the
current hypothesss for sodium binding m bone According to dus bone sodium
15 located 1n the surface layer of the flat hydroxy apatute mucro crystals of bone
in part as the exchangeable fraction between the erystals The exchangeable
fraction 15 dered 10 be 1d d with the hohically active bone sodium
(EpELuan Jases and Moore 1952 FoLus 1952 Neovaw Tommwara ard
MouLry aN 1553 DarremacNE and Fappy 1906)

Other possibilities do hawever present themselves Part of the orgamc bone
matnx consists of mucopolysacchandes (Foruis 1952 Mever 1946) These
polymenc pounds have a great cap for binding, cattons 1n a resa bie
fashion and may be involved 1n the storage of excess sodium (Farser nd
Scuunert 1957) They furthermore have the abibty 1o change the shape of the
molccule when 1n solution  Ihe long chamns fold and unfold with vanations i
the 10mc environment (Mare and Tosorsky 1950 2 b Mrier 1920 Frory
1953) A close hnka,e amounung to actual chemical bonding his been dem
onstrated between the sulphur atoms of the mucopolysacchandes and the
hone erystals and the collagen fibres (Noumay e of 1953 Dusswac £ and
Fasry 193b) Mucopolysacchanides attached to the crystal surfices may
prevent or allow exchange of sodwum 10ns 10 the outer fayers of the crystals by
creating or dissolving posiusely charged repelling shells This hivpothesis with
all of ts imperfecuons may more easily explain the pecuhar features observed
jin bone sodium exchangeabulity resulting from the hosmonal sumuly than the
rather ngid nargamc hypothesis menuoned before

The amphcation s that the cortical hormones act on the exchangeability of
the Dhone sodium via an action on the mucopolysacchandes of the ground
substance Tlis may refiect on cortasm chnical and experimental abseryuons
sn collagen disease Lxperimental collagen discase can be produced 1n rats by
the adminsstration of Doca nd salt and prevented by cortsone In the dl
periments here presented Doca and sodm chlonde destroyed the nornd
balance and created an abnormal ratio between the exchangeable and ek
changeable bone sodum fractions whereas cortsone normalized the respO;\S:
and the ratto This may reflect an acton of these hormones at the molcculs!
lesel and be cannected th the basic structural pathology of collagen d’“‘“‘"

A sigl h ble bone p fraction was observed mdou)
three 1nstances 1 100 g normal vats 2 200 g normal rats treated v sth WI sua
chlonde for 15 days 3 Adrenalectomuzed rats on low sodium intake In

\a rc
other es the bone § was pletely exchangeable -
1 tup was d 1 between tie bone sodium and the bone ;\;o‘u;z!mg

. ThL
concentration changes Flus suggests a completely diflerentJocation -.u:m)“ p”s
of the potassium as compared with the sodium There was no umm o e
nection bews cen the total body potassium changes and the sanauo! o
The most posibve currelation to the
m concentrati n

A%
kpmamum concentration 1 as found in the plasma potassil
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The adrenalectomized rats that recerved no supportive treatment died on
the 6th and 7th day postoperatively When the rats were given the salt and
olucose treatment after adrenal y for a prolonged period 6 rats out
of 8 were dying or dead 15 days postoperatnely Two of the 8 rats behaved
and developed normally and 1t 1s probable that accessory adrenal ussue de
veloped sn these although no such tissue was found at autopsy These obser
vations agree farrly well with those of Gaunt and Gaun (1933—34)

Cortisone was sodium excretory as judged by the total body exchangeable
sodwm  except 1n the case of adrenalectomized rats on low sodum diet
which a shght sodwm retention was seen Doca mamtained or increased the

total bone sodum 1 ad: ! d rats on lgh and low
sodwm mtake but intact rats lost sodsum from the bone irrespective of the
mntake of the 1on during Doca These ! the fact that
the same cor d often gave p thed, ofaction
being dependent on the physiol 1 or pathophysiological state of the animal

at the ume of the sterord admimstration

It 35 generally agreed that the renal ability to excrete sodim and water 1s
sumulated by cortisone (EvemsoLr Gaunt and Renbali 1942 Sara and
Luerscuer 1954) The results presented 1n this study amply support this view
the cottisone treated rats have a higher sodrum and water turn over than any of
the other groups Cortisone consistently caused a fall w the total body patas
*um 1n the intact ammals the compound also produced a weight loss Plasma
Potassium was normal or hugh 1n these anmals The evidence thus posnted to
an antianabolic effect of the steroid

Desoxycorticosterone acetate (Doca) appeared to be the compound that kept
the rats at the hughest state of well being after adrenalectomy In the rats
treated with Doca after the d 1 p were closest to
sormal There was a potassium retaming as  ell as a sodium retaiming effect
as Judged by the total exchangeable spaces of these 10ns (Table IIT and 1V)
In contrast the plasma potassium level was very low The effect of the hormane
Seemed 16 be on the distnbuuon of the potassium between the eatracclular
and mtracellular compartment This v as obseryed most marhedly 1n Table I1
Group 5 11 which the bone potassium was very low pornting to a connection
between this compartment and the extracellular space

2 methyl § ¢ fluorohydrocortisone (2M9aF) 1n most 1nstances tended to
Mmantam the sodium space but to reduce the potassium space In this respect
had some sumulanty to cortisone The plasma potassium level was however
low in the case of 2M9aF whereas 1t was normal or hugh in the casc of cortisone
Ueatment Ths suggests that wth regard to potassium metabolism 2Vi9aF
had g primary effect on the rcnal excretory mechamsm rather than being
antianabolic

The wok was m d possbl tho gh a consol dated grant f m Th Medical Research
Cosacluf Canada oD J S L Bro m 1 whose department this tudy w 3 cond ctod,
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The Splanchmic Hematocrit :n Man
By
Ore ANpReE Larsen \ieLs Txostrup and RjELD WINRLER
R ed 3 September 1967

Abstract

Larsex O A N Tio tRup and K WivxiEr  The splanchn ¢
hematocnt s man Acta physol scand 1963 57 397—406 — The
aum of the present\ ork  as 10 study to what extent the dufference be
t een the total body hematocnt and the hematocrt of the blood 1.
the large vessels 1s caused by a lo y h matocnitin the splanchme area

1 labelled albumin and ~ Cr labelled red cells were njectedintoan
antecub tal vein and samples were drawn simultaneously from the
femaral artery and a h pauc em Th plasma and red cell olumes
of the body and the body hematocnt v ere d termumed from the
acu ly my cted and th calculated iutial concentrations. The

was cal d from th artcno-h pat ¢ venous
acuwvity differences Th hepat ¢ plasma flow  as det rmuned by the
b omsulfalemn m thod for calculat on of the planchmic plasma and
red cell volumes In 10 normal subjects the planchnic b matocnr
was not s guificantlv dafferent from th body hematoent The dif
fo nc benen large essel b and bedy or splanct
hematocnit may be expressed as an amount of extra plasma which
wthcbod onth a erag was 420 ml, and 1n the splanchmic area
102 m} Th results ndicate that th  extra plasmaisesenly distnb-
uted throughout the maller esselsin the body or that a substantal
amount of extra plasma exsts 1n some parts of the body not ex
amuned so fa

S PP ted by grants fom th  Danush Stat Rescarch F und ¢ n and hung Chrstian N
F unday o
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The hematoenit value ndicates the volume of red cells i per cent of the
total volume of a given blood sample and 15 usually determined by centnfuy
gation of stabilized blood from a peripheral vein m a graded tube Various

hods are available for deter of the total red cell volume and the
total plasma volume i the orgamsm (GReGERSEN and Rawson 1959) Ttiswell
established that the hematoent value of the total body calculated from the
most rebable of these determinations 1s about 10 per cent lower than the
hematocnt determuned 1n a blood sample from a large vessel (Huvesy et al
1944 Gregersen and Rawson 1959} Two expl aregenerally 4
to account for this discrepancy 1) The hematocnt of the total blood {contaned
by definition 1n the cardiovascular system) may actually be lower than that
of the blood 1n the larger vessels due to preferential accumulation of the red
blood cells 1n the more rapidly moving axial stream of the smaller vessels
(FAurus 1929) and to the occurrence of capillanies contamung plasma but
no red cells 2) The indicator used for total plasma volume detcrminations may
leave tlus volume at a sufficiently high rate to mahc the caleulated values
crroneously high

The findings that some organs t ¢ the lungs (LiLientiErD o af 1996
Pirrisz StRaspAess and Brrt 1961) and the bram (Axoris Lanses snd
Lasses 1962) have hematocnt values greater than that of the total body
ndicate that the axal stream phenomenon 18 not the only cause 1o the dis
srepancy between body and large vessel hematoent It s thercfore possible that
he second hypothesis may explain a major part of the diserepancy

As extravasation of plasma protein probably 1s more important in some
srgans depending of the structure of the capillanes determnations of the
\ematocrit n diffrrent organs might clanfy the question In the work presented
he b nt of the splanchmic errcul \n man was mvestipated since e

tructure of the hepauc smusoids probably pernuts 1nterchange ofnira and
extravascular albumin (Besscrr Lurr and Hasi rov 1999)

Methods
facrd 1w 1€

Ten subjects without ngns of Fepatc arculatory or |m wl e
exumined Ther age sex body weigl and surfac ar 3 fac ond 35 @ D bo 3¢
gven i Table 1 Ty were kept fastng for | fours before the exann i on Mib ]
took place in the morning and they were pr med cate iy wh 2001 ¢ f; 10l :]-,blrd

\ Leasan catheter no 9 vath lateral openng [ m ficm o (lmﬂ) o lhr
in one of the nght hepauc sens andapolyd 0wl £ reo WuIgh B A
1 the venous catheter « at pla ed i the femoral art iy For tt m
hepatie blood flow by th e method of baadlev eral |3 ant J’m lx, L
(5 mg oun) v as sasted follow ag a prming do o ml:. bl KA
shree blood samples wee mnulxarv:d oush l«;:l.mn at nt g ab of fu

d tenmunation of brom ulfale |

L‘::‘ﬁil“:l‘s:mm and red cells contamed 1 a solum of ahuu; [ x(ll :? 1: ”u M

Jecied into an antecubual sesn 0 d e course of less tha i w0 secu

g ultaken
utes lat r
from e

[N
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Tolel
Caseno. | Age, Sex Body Body MCT \MGT MCT
years weght surfa plasma red I, | plasma
ig m se sec NCT
red cells
1 22 [ 23 1> 28 195 115
2 15 Q 49 17 422 359 125
3 17 o ] 16 582 43 129
4 33 3 0 180 548 398 138
5 44 3 66 179 490 373 137
6 29 ? 73 181 276 2,8 103
7 19 Q 57 163 504 +©9 109
3 22 3 0 178 403 366 103
9 45 9 47 148 510 395 128
1o o7 3 5 18 429 394 110
A aage 62 12 H2 365 1.0
5t ndard deviation - - s 83 13

senies of samples of 25 ml cach were drawn smultancously from the two catheters by
means of an automatic samphing apparatus Thurty pairs of samples were collected 1
the course of th ee mmutes starting at the tm  of the i) cuon Thereupon sampling
for determ nat on of bromsulfalem as repeated as above except in casesno 3and 7
Fifteen nunutes after the njection of the isotopes one artenal blood sample y as dra n
for determination of total body and large vessel hematocrit

Analytical procedures

The evening b fore the expernment the ed cells from 8 m! of the subjects blood v exe
labelled w th Na ® C O (Grav and STERID\G 1950) and after three washings with
saline the no b d Human serum albumin
was lab lted with T by the m thod of McFarLaNE (1958) th amount of freeodine
= the p eparaton b ing alw ys lower than one per cent of the total Immed ately
befo ¢ the expe ment about 120 z of labelled red cells and 30 uc of labelled albumin
were muxed

The activity of the ed blood ¢ 1ls was determaned 1n the cells from one ml of hepar
uuzed y hole blood The Usw e freed from plasma by vashing w th salme until the
fupernatant was frec from 2 tvity and saline was then added to a total olum of one
ml The acts 1ty of plasma \ as determuned as th  difference bets cen the activity 1 one
ml of whole blood and that of th red cells Each sample was counted twice to 10 000
counts 1n a well santllat on  ounter usnga on entional scaler 3 Cr counts per sample
Per munute g ne ally were about 10 umes background and the total counts per sample
Per munute generally about 30 umes background

Thelarg  essel h matocr t was d termuned by entnfugation of hepanmized artenal
blood 1n a mod fied W nthr be tube (3000 pam. for 30 mm with a distanc of 15 em
fromthe cnt of the ntnfug to the muddle of the column of blood cells) A correcuon
for trapped plasma was made by muluply ng the result by the factor 096 which was
determned scparat Iy f  th m thod and apparatus employed for the
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determination using ** labelled albumun as an indicator for plasma {BRyDe \xperev
1960) Bromsulfalew was determned by GaEsLew s method {1912\ On average 10
ml blood was taken during the experument

Calculations

The hematocnt value (Hic) 1s the ratio between the red cell yolume and the blowl

volume
Htc = o Frdel 100 )

Fedeet + Fplasma
The totat body hematocrt (itcuody)
was determuned from equaton (1) the plasma and red cell volume i the body
bewng determined from the amount of acuwity injected and the caleulated stial con
centrauons of *1Cr labelled erythrocyvtes and 19 labelled albumn (Grecersey and
Rawsox 1929)

The splanchnie hematoent (Hic p)
The splanchnic volume of plasma or red cells can be calculated from the cquation
Ve —c)xe
- Ee—— & F (1
L] " LEp
when the expenmental figures for either red eells or plasma are employed
By summmung all the arteno-hepatic venous acts ity differences per un t of solume
(S(c — )) and muluplang w th the duraton of each samphing (1) ard the splanchnic
flow (F ) the amount of actsy taken up in the splanchaic bed is obtaired Div d 03
this amount by the actvity at equilibrium (¢ ) 1n 1 ml of r d cells or plasma respoctively
yields the splanchnic  olume of red cells or plasma

The mean planchoue o culation time (MCT
by defiuttan s olume di 1ded by flow therefore from equation (2
wer o S [

i

The ¢ 1 a plasma poal
The d fference between the larg
be expressed 2t an amount of extra plasma s the bodv Ih
quantitated s the diff sence between the plasma  olume measured and th
from the red cell olume and th  hematocnt 1o the large vesscls
i W A it
Extra plasisa = Fpiuma bracts {777 )

c vessel hematocnt ard total bud - hematocat m?‘
s cxtra flama a0
aat g red aed

Results

Fig 1 shows the curves obtamed tn a 1ypical expenment Tuas se!
labelled red cells reach the hepatic vews at wn earhier nme than t
plasma and also that 1dentical concentratuc ns of labelled eclls m]lu i
and the hepatic venous blood i more rapidly obtaned than equal

uons of labelled plasma

en that e
he label o
he anversal
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CASE MO &
©/mn/mt red blood cells ~—Femo al art ry
CdHpate n
2000
0 120 B
¢/mu/mt pla ma
6000
000
2000)
6 120 180

Fg 1 Radioact ty nrlat nitotmeof d el and plasma, sultan us d temuna
tons in artenal and h ravc ven us bl d Th Jab !l d d ¢ Ils and plasra were nje ted
Wl an antecub tal 10 at o tune

Thus difference 15 expressed 11 the mean arculation times of plasma and red
<tlls shown 1n Table 1 \MT! Cypem Was on the average 44 sec varying from 23
1058 and MTC,, .4, 37 sec varying from 20 to 46 No sigmificant corrclation
was found between on one hand the mean arculation times and body weight
surface area total volume of cells and the splanchme flow on the other Be
ween MCT,,,, and the total plasma volume there v asa small but statisically

Table 1t
CGisena. 1 Large vessel | Body Splanchme | Body farg | Splanchaic/
bematocrt [ hematoent | h matocr t essel large  essel
per ent perec t per cent hematocnit hematocnt
rat ralio
1 328 274 299 84 9
2 361 331 310 [ Su
3 401 362 312 20 8
4 397 322 324 89 a2
5 414 36+ 350 83 8
8 313 74 299 82 9%
7 390 355 368 9 94
8 491 4438 466 9 9
9 372 342 31 9 8
10 49 01 397 % BN
\eg 389 310 347 % 2
$D 48 2 52 03 06

———
SD =t ddden t on
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Table I
Caseno. | Body Body Splanch | Splanct | Spl ach | Spla cb | Body
plasma red cell | me me me me extra
volme | volume, |plisma |plama [redcell | estra | plsma
ml mi flow volume | volure {plsma | ml
mifmin | ml ml ml
1 2930 1130 1020 400 170 0 660
2 240 1210 560 420 190 a0 300
3 2830 1610 930 00 400 200 40
4 2930 1600 720 650 310 180 J00
5 3220 1850 1130 920 500 10 600
6 3270 1240 1070 170 200 30 50
7 2920 1610 630 550 320 50 100
8 2780 2270 1140 190 680 %0 430
9 27.0 1440 200 130 190 1o 340
1 4020 200 580 420 240 [} 260
\verage | 3020 1670 830 600 330 10 40
SD 475 500 260 200 170 Y 130

SD = 1and od dev ation.

significant correlation (v e= 4+ 065 p < 001) The difference between the
average splanchnic mean airculation time of plasma and thas of red cclls 1 not
statistically sigmaficant but the average of the nduadual ratios 1s stymificantly
different from umty (p < 0001} On the average the mean arculation ume of
plasma i the splanchnic area 15 20 per cent greater than that of the red cells.
From thus follows that the hematocrst value of the blood 1n the splanchuue
vascular pool s smaller than that of the large vessels (Table I1) The difference
between the splanchmic hematoerst and large vessel hematocnit 1s statisucally
sigmaficant (p << 0. 001) whereas the splanchnic and the total body hemaomt
values are not sigmficantly different (p > 0 %) On the neraye the splanchnic
hematoent was 89 per cent and the total body hematoent 90 per cent of the
large vessel hematoent P

Table I1I states the splanchuc flow and volumes and the body volumes ¢
plasma and red cells and the standard deviauons The splanchuic plasma IY“‘:
given 1s the mecan talue of all determinations 1n each subject no lplcmA:m
vanatons 1n flow duning the experiments were noted In the last mlumxl: .
amount of extra plasma necessary to account for the duference bety cen Lfg
vessel and total body and splanchmic hematocnit values are guen

Discussion

frun
hematoent and 1ts vasiative
The ratio between body and l.:rgc \Qsc]l .: e a2

subject 10 subject 10 the ¥
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und by most other workers Furthermore the average hematocnt values of

ie body and the splanchnic circulation are almost identical as also found 1 a

relmipary report by Larsem and Goroow (1955) This shows that the dif

:rence between large vessel and body hematocrit 1s not enclusiely caused by a

aw hematocnt value 1n the splanchme area provided the determination of
1

lanchmc and bodyv } 1t values are b
Usually the hody hematoent 15 deternuned from the concentrations of the
Jlasma and red cell tracers 15 run after the witha 1

or the ehmmnation of * I albumn i this mterval whereas the splanchme
Sematocnit 15 determned duning the first few munutes The body hematoent
may also be calculated from the same equilibration concentrations as used for
determination of the splanchnic hematocrt without correction for ehmmnation
of alburn In gur the bady } 1t by the former method was
960 + 52 and by the latter 350 + 52 1 ¢ not statsucally different.
Systematic errors may affect the measurement of the arteno Fepatic venous
difference It may be questioned whether a given sample 15 representabive of all
arterial or hepatic venous blood samples 1n the time mtenval dunng which s
was drawn This quesgon 15 m part d by the close between
smulManeous determinations 1 two hepatic veisis (TxGsTRUP WINALER and
Axprer Larsen 1961) but occasional errors of this kird cannot be excluded
Determmations of body and splanchnic hematocrit by the method used
tus and sumlar works depend on the assumption that labelled albumun and
red cells wyected intravenously are treated by the organism m the same way 45
albunun and red cells already present i the circulation
The most lkely explanation of the differerce between the large vessel and the
dy 1t 35 the of relatively more plasma thaa red cells wt the
Peripheral  aireulation (including the rapidly exchangeable extravascular
“ompartments) compared with the large vessels By the presented methed of
caleulation the extra plasma of the body averaged 450 ml or 1% per cent of
the plasma volume of the body
The close agreement between body and splanchme hematocnt shows that the
U2 plasma of the body 15 not mamly found i the splanchuie area The
Mefage splanchme extra plasma was found to 105 ml or 17 5 per cent of the
splanchn;c plasma volume The absolute figure 15 less accurate than tbe relatve
one because ;¢ depends on determination of the splanchnic plasma flow which
Sencumbered with a relative large expenimental error
A © amount of splanchmic extra plasma s of interest for two reasons
'8y the amount of extra plasma in the I er 15 of physiological ignificance
SPectally \uth reference ta the permeability of the hepate sinusoids Deter
Mnavon of the splanchme extra plasma dees not however cluadate tus
POt probably mast of the splanchmc organs contamn more exira plasma
m"‘;appamm from the present figure as a high hematocerit assumably 15 found
the spleen guantitatively dependent on the mixing 1 that organ Secondly
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of the hematoent in some organs s different from e body hematoent, the
axtra plasma of the body 1s nut € enly dimmbuted, and the contribunon of
czch organ 10 2 deviauon of the budy,large v eusel hematomnt ratio from umty
can only be evaluated from determinauons of the extra plasma m each srgan.
The method therefure may eonmbute to lucal and posably to expl
{1he bods large sessel hematoent rats of seveval parts « f the arculatin are
mmvestza ed by tus wechogue,
The findir 75 10 the present work does not contradsat the theory thattheln
bod  hemataont 15 caused Iy an excess of plasta in aid of the small seusels i

the body
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Table IV Estimated analytic 1 errors of splanchnic hematocnit mean
arculation times volume and estra plasma (10 of 7 exp )

Mon sD
Hic spl, per cent 362 = 06
MCT plasma, scc +2 + 08
MCT red cells, sec 360 = 06
Volum plasma ml 647 ExY
Yolm  d elts, ml 400 233
Exta ptsma ml % -1

S.D =5t ndard dev ato

Th analytcal o ofthe al esf d planchme y t m was csumated f ¢ e 15 § —
¢ andFp o whi dis gadi gerrors (¢ and Hiey

Theor of — wasdtermmedasth a to ftus alu n 10 pass of samples
drwaf m12610 180 munwes R themgecu n Th 1 of wasd ¢ rmumed as th
nm uatyin 10 samples drawn 126t 180 munutes, 2 anternal and 5 en s sampl s,
These anatonsnct de a possbl bological aration Three expenm tsan b ch samplg
hlood was topped berween 120 and 180 munutes ar n t included Th m an tandard
v tons fih cmauung 7 expenment w  calculat d Th rro of Fyr pr asealulat d
h faton fth 6d ¢ ot n perfo med mncach uby t

Fmth mon tandadd »tonsth ar t nofth daa tenngth quauns ere
clodated. Inth case of M g )pl tam untsto 19pe emt fth  erag  aluemeasured
f M1003percnt of (g~ etolB5pe cnt and f  t 05percont Th mean
T0r of Figpt 1582 pe  ent

© mflu nce of these r 3 th final calculats ns was esumated { m th  coeffic ents of

36 (Hatp193 ) Th s fthe Ht pand MCTus bout2 percent,thatof th splanch
™ olumes about 8 pe cent, and that Tth ext plasma ol about 18 pe cent From these
a3 gefinnt nd th moan al es of th expenm nts ntenng du calc Lo n
sl ¢ tandacd d qatoms assessed (Tabl IV

Q:':e b r3 wish to thank VMrs B \f rizx Peremse and Mas L Ha sen Department of
cal Chemustry Bisp by g H ptal fo mn luabl techn cal asnstan
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Acta physiol scand. 1963 57 407—418
Aus der Kiusch ph hea Abtedung des hasolnska Spkh
Schweden

Steckholm

Der Emfluss anhaltender hoher O Konzentration
der Ewnatmungsluft {30100 o) auf die
Erythroposese der Ratte
on

Brryuarp TrBLRAT
fingeg agen am §1 Seprember 1962

Abstract

Treckarw B Do Ewnfluss ankalf nder hoker © R neend ation der
E natmang luft { 6—100 ) auf die Epplhropowese & Ratte  ta phys of.
cind. 1863 57 407418 — Rats were suby ted 10 axygen con
cenizations of 30-~100  fo 8—10 weeks Total bemoglobin, bieod
volume and relat ¢ hlood values were deterruned The lungs were

fFected by oxygen up o 80 The total hemo-
globua and the blood values emarned essent ally normal although
the R 1 i pp bl Acute and
chsomc fung les ons developed 1 rats suby cted to 100 oxygen
Concentration. If they survy ed the mual lewons they were teft mn he
100 oxygen cone atraton for 10w ks and wer then plated i an
cuvironsient of oom asr for 6 weeks Lpon retum o 100 oxygen
contentration no fusther acute lesions of the lungs oceurred The
crythropoiesis was markedlv mfuenced by the lung damage

X “ihrc:ld fur medngen fdruck der esne sumuhe
ende “nkung auf die Ervihropoiese gesichert st sind die Resultate des
pifiuses hohen Sauerstoffdrucks « sscathch unklarer  Eine Cherucht der
u;mmn zu dieser Frage findet sich ber BEax 11340) sowic Graxt und Roor
(Boﬂ) Vielfach sind lescht ernedrigte relauve Blun erte gefunden worden

SNSTER, 1911 Caweserr 1927 a 1927 b Bovcors und Oantey 1933
abq-ymuc' und Smoex 1921 Grocensten wad Swaneech 1958) ES hegen
P auch gegensatzhiche Befunde sor (AcHarp Bover und Lespasc 1927

% Reve und Ly 1981 \eben der Hohe des Sauerstoffdrucks und
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Tab I Gewuht und G samthamo,lobin von § Ratten wn erhohter Oz Ron.ertration zuischen
30 und 100 Du chsehs tisuerte der verschiedenen Versuchsabschmite

Vesuchs | Gewiche {g) Total Hb (g) | g Tot Hb/
dauer 100g Gew
(Tage)

Lt 436.£128 33440033 077 £0006
0 o 51 408 1-100 3152007 0690008
E) 23 40% 97 316 £008 067 1-001>

-0 o 46 48111 3274000 068 £ 0017

#-% o 6 467 1124 308£0114 066 £ 0010
W o 72 H#B: 92 318 2 0.22¢ 071 %0037

€O,k 1 den k m uberstieg mcht 05 De Te e erhiclten emn

speziclles Rattenbrot (Zusammensetzung s Trutkarr 1960 a) sosac Hafer Mohr
Tuben und Wasser ad { bitum Zum Remgen der Behalter wurden die T ere alle 2—3
Tage fur etwa 10 M, \ormalluft ausgesetzt, cbenfalls fur dic Untersuchungen dic
112 Stunden mcht uberschntten

De Gesamt Hb-Menge wurde mit der sogcnanaten alveolaren CO Methode be
summt, mut der VMessungen am selben T er behebig oft wiederholt werden honnen
(TRmtsarr 1960 b) Das Blut Plasma und Erythrozyten olumen s urden aus dem

tHb und aus der Hb-honzentration bzw dem Hamatolnt unter Beruck

scktigung des Rorperhamatoknt n der fruher angegebenen Weise berechnet (Trmt
Xar 1960b) D ¢ Ret culo yten von 2 X 1 000 Erythrozyten -urden entsprechend der
Meihode von Larssox und Swensson (1949) (Fimeren dunner Blutausstriche 1n 1
ger Subhmadnsung Farben mit Tolwdmblaulosung 0 75 pH 57) besmmt De
Enythrozyten wurden 1n einer Burkerhammer ausgezahlt

Ergebmsse

In einer ersten Versuchssene sollten allgemeine Erfahrungen uber die Ver
TaglchRest +erschied O k und gleich g das Verhalten
s Gesamt Hb gesammelt werden Daber vurden 8 Tiere (Wistar) von
denen 5 die Versuchszeit von uber 9 Monaten uberlebten schnttweise er
heheer O Konzentration bis zu remem O, ausg Das A h
mut durchschnittlich 432 g war mut Absicht hoch gewahlt worden um v cruger
bhangig vom Geyachtszuwachs zu sem der die Beurtalung der Verande-
Tungen des Gesamt Hb erschweren kann Das Gesamt Hb wurde in en a 5
Yeigen Zeteryallen gemessen
e Resultate dieses Versuchs zeigt Abb 1 jeweils 2 \Messy erte sind
nem Punky zusammengefasst In Tab I sind ferner die \littel aller Werte

die unger den \erschued O K funden worden sind auf
‘l‘)‘f"*m Das Gesamt Hb rmit 3 3 g bex Versuchsbeginn 1st etwas hoher als der
urchschnitt gleych Tiere dieses S (TriBuATT 1960 a) wecht

aber micht sigufilant davon ab
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Zab' 1{ Gewwht Gesamthamoglobtn Blut olumen und relatue Blutueris von 8 Ratten nach

67 tagigem Aufenthalt s 100 Oz und nach ewnem dasauffylgendem
45 tagigem Lufenthalt wn Luft
Gewicht | Tot Hb | g Tot Blut ol Hb conc. | Het Ery
(8) (g} Hb/100g | (ml} &) %! mall.f
Gew mm

100 O 394+15.5}298£0120|0 750 021 | 31 5::2 41 | 12 31:£0287 43.2:41 16| 70036

Luft 423:£130|317:20093]0 7540 010 29.3:4-1 23] 15 39:£0 064 | 530109019 410.22

Wahrend der 50 tagigen Peniode in 30 9, O, stieg das horpergenicht um
etwa 109 ber gelegentlich durchgefuhrten Obduktionen solcher Iere fiel
emn ungewohnlich hoher Fettgehalt auf der sonst mcht beobachtet worden st
Das Gesamt Hb fiel gleichzeig etwas die Differenz st aber micht signifikant
Der Abfall des Gesamt Hb{100 g horpergewicht von 0 77 g auf 0 69 g 1st zwar
hochsignufilant (p < 0001) das Gesamt Hb entspricht aber jetzt ganz dem
Normalwert dieser Tiergrosse

Wahrend der nachfolgenden 70 Tage bis zu emer O, honzentration von
emschlesslich 70 % sind alle Werte praktisch unverandert Die Tiere befanden
sich 1n sehr gutem Allgemeinzustand

Bein Ubergang auf 80 %, erkrankten die Tiere an cmner Luftw cgsinfektion
z T verbunden mit schwerer Dyspnoc Dabes fielen Gewscht und Gesamt Hb
hochsigmfihant (p < 0001) ab Die Tiere erholten sich Jedoch relatv rasch
und erreichien obwohl die O, honzentration auf 90 %% erhoht wurde waeder
1hr Hochstgewicht und Cesamt Hb Werte wie zuvor

Remen O, {ca 99 9,) vertrugen die Tiere nur etw
Schaden oder Veranderungen in threm Verhalten Danach sank definitty das.
horpergewicht ebenso das Gesamt Hb 2 der There dte stark dysproisch
geworden waren wurden schhiesshich getotet Die Obduktion ergab multple
Lungenabsze.se und pleuntische Veranderungen Die 3 anderen Tiere ware?
Jedoch unauffalliy

Nach den Ergebmssen der ersten Versuchssere schuen es moghch wenn
auch nur 1z begrenztem Umfang Tiere fur langere Zait 10 relat gutem Z2
stand sn remem O, zu halten Es besteht jedoch dic Moghchhert dass glc
Erytbropoiese durch Folgen der durchg; 1 Lungenerhrank (
D ungen) starker b 1 werden kann In emem solc
snd nach Ubergang auf Luftatmung Veranderungen der Lrythropor
sie ber Hypoe auftreten denkbar

In wie weit das zutnilt sollte durch die zwente Versi
Zu diesem Zweck wurden Tiere (Wistar) direkt veine
massig traten daber nach 24—A48 Stunden Lungencr] P
Dyspnoe auf Etwa 60 9, der Tiere starben Dic Lungen dicser

4 20 Tage ohne sichtbare

hen Fall
cse Wie

uchsserie gehlart vrdeh
m O ausgesctzl Re €
kranhurgen oIt starher
Tiere hatten
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leberartiges Ausschen und leberartige honsistenz in den Pleuren fanden sich
Vielfach mehrere ml emer bluttg serosen Flussigheit Die anderen Tiere erholten
sich jedoch und zeigten 1m weiteren Verlauf kein abnormes ‘Verhalten
8 deraruge Tiere befanden sich zwischen 48 und 78 Tagen n remem o]
2 die Relonvaleszenz unterschredhich lang 1 ar und aus ausseren Grunden
der Zewtpunke des Versuchsbeginns differiexte ward huer auf eme graphische
antellung der gefundenen Gesamt Hb Werte und des Rorpergewichts
‘erzichtet In Tab II sind die Mittel der Gewacht und Blutwerte nach durch
“hnuttlich 67 tagigem O, Aufenthalt und nach emer nachfolgenden Perode
o1 45 Tagen 1 Luft zusammengestellt In beiden Fallen hatten sich relats
Yonstante Gewichts und Gesamt Hb Werte emgestellt Wahrend die Absolut
blutw erte kewne h zu sichernde D: zeigen unterscherden sich
® Telauven Blutwerte hochsigmfikant (p < 0001) vonemander Daruber
"2 weichen sie auch vom Mittelwert emes grosseren Normalmatenals
& BILAAIT 1960 a) signifikant (p 2% 0 01) ab 1m emem Fall in Richtung auf’
"¢ Anamie 1m anderen auf ewe Polyzytharme
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Jab Iii Gewscht Gesamthamoglobin Blutvolumen und relaius Blutuerte on 10 Ratten vor (I}

Gewche Tot Hb gTot Hb{ | Rel Hb Hot

& (2} Wig Gew (g ) )
1 3394186 | 226:0100] 067.£0013) 126550199 | 4413054
¢ 383204 | 21710061 06200221310:0175 | 424047
DA~ | 1864828 [-0090061 |-0054 £ 00173 0473 £ 03083) ~170 0730
t 2246 147 3121 1502 2329
P 005 001 >000 001~0001 ~00% 005001

Der Versuch wurde damut fortgesetat dass dic Tiere emeut remem O
ausgesetzt wurden Daber traten Lenerler Zeichen emer erncuten Lungen
erkrankung aul Das Gewicht fiel jedoch wiederum auf 390 g das Gesamt b
auf 28 g Der Versuch fand durch Versagen der Pumpe nach 38 Tagen et
Ende Makroshopische Lungenveranderungen fanden sich micht mukrosko-
pische Untersuchungen licgen micht vor Auffallg war das mut emem Durch
schmittsgewicht von 17 g um etwa 75 % uber dem Normalwert liegende
Herzgewicht das auf die Moolichhert auch anderer Organveranderungen
unter Hyperoxte hinweist

Die Resultate der zweiten Versuchssene ermoglichen zwar m he 1m Em
zelnen die Veranderungen der Erythropotsse durch eine direkte O Eunwihung

von denen ewner indirekten durch sekundare Org derungen abzug
T etztere erschienen jedoch so nabe dem Bereich des Moplichen zu liegen dass
detailbertere Unter der Exytt nurm 80 4 O vorgenommen
wurden obgleich prinzipsell auch 1n 100 % O, e langerer mut dem Leben 20
veremender Aufenthalt moglich 1st

In der dntten Versuchssenie wurden 10 Kragenratten fur 60 Tage dzrt(h
40% O, Wahrend der g Ve waren hewrer'et

speaell sextens der Respird
dic sonst mcht selten auch
nen Die Resultate zeigen

Anzerchen rgendwelcher Gesundhestsstorungen
twnsorgane {Dvsproe  Husten) 2u beobachten
ber Tieren unter Normalbedingungen auftreten konnel "
Abb 2 sowie Tab TII der auch die D hen A ten un
Endwerten zu entnehmen sind Bey dem sehir guten und homogenen Ticond
tenial findet sich zwar vielfach eine Sigmfibanz d;r Differenzen dic Unter
schuede simd jedoch absolut gesehen ausserst bescheiden

Ber cmcxr;‘ Gcw;chtsamugcg um 109 st das Gesamt Hb umcrd;ng;rl
Damut fallt das auf das korpergewicht bezogene Gesamt Hi (ngb] 5
Borpergewicht) von 067 g auf 062 ¢ Fur Blut und Plasmavolumen g4

Xkt der Hamatohnit etwas
entsprechendes Bey honstanter Hb honzentration sin s o

d b die mutlere Erythrozyten Hb Eonzentration :
steagt yon 287 auf 309 Die markantesten Veranderungen erfahren dic Rett
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sd na & 60 tag gem Aufenchalt s 88 O (I) wrt D feren und § gmfkon, der D forea.
RblHb, | Blue 1

wi Blur ol { { En ot Plasmay 1 Rt
g0} () 1005 Gew | Gmi Gl Ced
ey 100
WILO 239092 71084 792092 1602068 | 1671293
092039 | 220 Lo9t § o021 702031 | f2i 061 | 169£207
R84 |3 7220352 {~08 = 0234 (08> = 0 143 {~097 = 0291 | 019+ 2351
225¢ 4815 336 3716 2820 o030
<o60r <000 0001 <0001 | 0010001 >00

cadozyten dic innerhalb von 3 Tagenvon 169 auf8 / sgnfikant {p =0 01)
abfallen auf diesem. medngen Snead etwa 23 Tagen blowben und dann wieder
auf den Ausgangwwert anstegen

Duskussion

hahe © A der E luft hat 1 G: zu
wiednger Ty nach dess vord den Lnsersuchungen eine unbedea
tende oder kewne Wirkung onf Gesamt Hb und relamve Blutwerte In emer
knuschen Beurterlung der derzest sorhegenden Unversunchugen sind Graxt
und Roor {3992} zu einem ahnlichen Schiuss gel Im G z8

IS genngen Effebt 1 11 o schesnt die prahsch wollstandage Unterdruchung
der Eryh bl von haoch L 1 o 7u stehen wenn die O,
honxntranon etwg 50 uberschreitet (Mac¥isses 1949 Die vermunderte
\sfahme der Erythrozyten son Fe  bes 8985  sger Oy Atmung haben
Jacom0n und Vitasbester (1857 a b 1959 ebenfalls im Sumne ewner gehemm
e Ery thropotese gedeutet

Fur eime Dishussion dieser Befunde st zunachst notwendig sich uber dic
W ditsem Zusammenhang wesonthchen b eranderungen Mar 2us erden die dre
Atmung hoher O, honzentration st sich bnngt Die marhantesten \er
Enderungen exfahrt der astesiclie O Druch der mut ctwa 100 mm Hg ber
Luﬂalmuug und ema 640 mm Hg bes remer O Aumung das Mehrfache des
maly eries exrcichen hann Demgegenuber stagt der artenielle O Gehalt
Purmst der physykahsch gelosten © Menge d h um rund 00031 mi O jm!
Bu100 mm Hg O sow i durch dus en as tioher O,Hhb-Satugung

Schwierger sind die Veranderungen auf dem Gev ebsmneau zu uberblichen

301 wmteressiers besonders der O Druck des Ges ebies Dreser hangt vom Oy
pibranch des Gesebes den O Diff hal (kapal

Tasioml oo O Druckd ) wnd der Zurhulation tn Kapd

Bstem ab Tizws (1950; hat hurzhich dse Dedeutung versehiedener hom
Ponenten dreses lompleren Zusammenhangs am Bespiel der O Diffusion 1

Anhal

u
OIS A raghy 15 na Vol 57
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Gehirn aus%xhrllchcr quantitativ behandelt Hier sein nur einige aligemeine
qual berlegung "

Beim Ubergang von Luft auf O, Atmung wird zunachst der Stickstofl des
Gewebes (~ 570 mm Hg = arteneller N, Druch) an das Blut bzw dic Ausat
mungsluft abgegeben Verbrauchte das Gewebe heinen O, errechte der O,
Druck an Stelle dessen den gleichen Wert wie 1m artenellen Blut Da abes im
Gewebe O, verbraucht wird hangt der O, Gewebsdruck neben den Diffusions
verhaltnussen 1m wesenthichen vom O, Verbrauch und der kapilaren Durch
blutung ab Ein Absinken der Pulsfrequenz mut einem Abfall des Hexznunuten
volumens unter O, Atmuny, scheint fur den Menschen gesichert zu sein (La
teratur 5 STorsrEmN 1922 ComroE und Dwmipes 1953 Davy und Bonpugant
1962) Gleichzeig schemnt der O, Gehalt des gemuschten venosen Blutes und
auch der O, Druck der dem O, Gewebsdruck am nachsten hommt trotz der
hoheren physhabisch gelosten O, Menge des artenellen Blutes gegenuber
Luftatmung nicht oder haum verandert zu semn (STORSTEIN 1952, GravatH
1962) Damut wird wahrscheinhich dass unter O, Atmung der Oy Gewebsdruch
mut Ausnahme der den arteniellen hapillarabsct am nachsten geleg
Gewebszellen prakusch unverandert st Berechnungen des O Gewebsdruch
aus dem O Druck mntrapentoneal oder subcutan inpzierten Stichstofls stutzen
diese Uberlegungen im wesentlichen Tavzor (1949) sowie Bamnson und
AMatrrEWs (1953) fanden praktisch normale O, Druckwerte unter der Vor
aussetzung dass heine Lungenschaden vorlagen Camppers {1927 a) bet 2
hannchen normale subcutane und leicht erhohte abdommale O Druckwerte

Relatiert man die Befunde von Gesamt und Relativ Hb unter O Atroung
verschiedener honzentration zu dem damt veranderten O, Druck und Gebalt
von Blut und Gewebe ergibt sich folgendes Bild

1 Hoher artenieller O Druck schemt kesnen wesentlichen Emnfluss auf die
Erythropoiese zu haben Auch unter Hypoe scheint der ermedngte artenclle
O Druck micht unmattelbarer Anlass der erhohten Erythropoiese zu sen Die
streng¢ Zuordnung der ten Lrythrop unter Hyponte zur absin
kenden O Hb Satugung des artenellen Blutes spricht emdeutig mehr fur dic
uberwiegende Bedeutung des artenellen O, Gehalts als des artenellen O
Druckes {Trisunarr 1962 a)

2 Der arierielle O Gehalt steigt ber runer Oy Atmung um emne O Menge
die der Bindung kapazitat von etwa 2 g% Hb enspncht Diese Stesgerung
lestet sich teils aus der hoheren physihalisch gelosten O, Menge teils aus der
Vollsatigung des Hamoglobins mat O her das sich von der O,Hb Sa“‘g“"g
bes Luftatroung um emmge Sattigungsprozente unterscherdet Es 15t P""”f";
denbbar dass die Hb honzentration ber O Atmung um einen gﬂ“"’gm
Betrag abfallt Die relativ mednge Hb honzentration von 123 g% @

den
vorliegenden Versuchen kann zwar eventuell in diesemn Sinne gedeutet Xdung
Es durfen aber micht zufallige Pl anationen oder mut O, At

LD
1n Verbindung stehende Flussigh hiehungen (Lasarcis und ARMOU
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1927} und vor alfem micht pathologische Orgamveranderungen als Lssache
auser Acht gelassen werden Die Vessuche 1n 80 ¢, O mat emer volbig un
veranderter Hb-h sprechen fur ¥ Moghichlert Im
ganzen gesehen sind dic O Menge um die ¢s gebt so genng und sckundare
homphk derartig nahel d dass emwaige niednge Hb-honzenta
uons-Werste bas O, Atmung sm aligememen nur mit Zuruckhaltung o Siene
eunes | schen Abfalls aufzub sem durften

3 Dem O Gruebsdruck homme b d T zu da eme direkte
\bhangighert i her Vorgange der Erythrop ron diesem vermutet
werden konnen Wie oben ausgefuhet st d fethalt ob uberhaup
der O Gewebsdruch unter O Aumung anstagt Dhe wm wesenthchen w
vexanderten Gesamt und Relativ Blutwerte des Versuchs ber 80 , iger Q,
Atmung wobes Lesnerler Zewchen von Lungenschaden festzustelfen waren
Loanen 1n diesem Sinne gedeutet werden

Beunteslte man die Erythropoese nur nach der Revculoatenzahl Lonnte
man afferdings teicht zu ciner anderen Aufls a: Bed der
gefundene Abfall der Retizulozyten um die Halfie esne Eanschrankung der
Hdedung wm 50 ;, sollte ber caner fur diesen Tierstamm gefundenen
Enytheozy tenlebenszeat von rund 35 Tagen (Forssserc und TRIBURAIT 1962)
das Gesamt Hb nach 10 Tagen von 226 g um rund 10, aufetwa 2g nach
20 Tagm umetwa04gu s w gesunhen sen Das st aber nicht der Fall Rem
theorensch berrachtet lasst sich zwar nicht die Moglichheit ausschhiessen dass
buer der Zellabbau gehemumt wird uad dazut serbunden auch die Zellneu
bldung Das bedeutet jedoch praktisch dasy unter Normalbedingungen
gebildete Erythrozyten deren aussere Lebensgrenze bereits zum Zestpunkt
dhrer Budung m wesenthichen bestimmt semn durfte unter <den herrschenden

Ngungen thre mttlere Lebenst plotzlick heh steigern Eme
tchere Basis fur die Annahme csner derartigen drasuschen Anderung i Ablauf
der r\llctungsprozcssc dieser Zellen lasst sich vortavfig micht erkennes zumal
da eme andeutg «erlangerte Lebenszait unter serschuedensten Bedingungen
&ebilderer Erythrozyten bisher meht zu finden gewesen st (BERUS Waroyaxs
und Wensuare 1999)

Mt der Frage in wie wen dic Reuculoznvien den Funhuonszustand der
E')‘hropmcsc d In wird an h Punkt beruhrt der generell
alle entsprechenden  Untersuchungen der Emvthroposese betnfly Selbstuer
tandhch Lonnen yeranderte Reticulozytenwerte echte Vanauonen der
E""""’P(lx:sc anzeigen  Das haochenmark diemt aber nun mcht nur als
Bildungsstatte sondern auch als Depot der Ret culozvten und haan auf ver

whiedene Revze empfindlich mat Durchbl derungen {Cry
MG 1962) Vor allem aus kurefstgen Retsculozytens erandesungen auf
Peufische erythrop he Veranderu zu schl hann wrefuhrend

YA Eine Reuculozytose hann z B nach Rontgenbestrablungen {Trmusarr
mcht verofferthchn)  nach Rerzung von Himpartien (Luftfuilung der anx-
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ventrtkel Angiographie Hypoxie u a — Bepr 1942 Smp 1953 Bos und
Benestap [904) auftreten ohne dass sich daraus wgendwelche Folgerungen
fur dic Regulation der Erythropoiese herleiten hessen

Aber elbst lungfnistige erhohte Reticulozytenwerte im Blut mussen hnusch
bearteilt werden So exfolgt 2 B nach vrelfach wiederholter Injektion von Co

haltende R lozytose ohne dass hst die Gesamt Hb Menge
ge oder cine Hamolyse ft Hlen ware (TribunArr 1962 b)

Dre eshaltene mednige Reticulozytenzahl ber Atmung hoher O, Ionzentra
ton hann entsprechend nicht als sicheres Zeschen emner gehemmten [ rythro-
poiese angeschen werden Damut erschemen mednge Ret:culoz) tenuerte dic
Rerviaro et al (1944) sonie Tiastey et al (1949) ber Panienten mut Anamien
verschiedener Genese unter O, Atmung beschrieben und als Ausdruck eincr
gehemmten Zellneubildung gewertet haben 1n eimem etwas anderen Licht.
Ber emem Jeil der Pauenten traten ausserdem khomplikationen auch eitens
der Respurationsorgane auf die die Beurteldung zusatzhich erschweren Fraep
et al (1957) haben die be1 85—95 %, 1ger O Atmung gehemmic Fe®® Erythro
2yten Inkorporation ber Ratten — emne Art zethche Integration der Reuculo-
zytenwerte — cbenfalls als Beweis ener gehemmten Frythropoiese geweriet
Da dic Versuche nach 7~10 Tagen m O vorgenommen wurden die Tiere
aber micht mehir als 11 Tage O Atmung ubcrlebten sind auch huer zusatzhiche

eme

homphk Iichherten durch pathol he Veranderungen dishutabel
Der von Lmae (1962) beschricbend fehlende Abfall der Reticulozyten nach
alls micht als

Ausschalten gewiser Hunzentren und O Atmung kann cbenf
d Bewess ewnes Inervasen Regul ' der Lrythro-

poiese. angeschen werden

Dse Befunde von Bovcorr und Oaniey {1932) dass Ratten auch langere
Zeat 1n remnem O, Ieben konnen bestaus en die verlicgenden Untersuchurpen
Dabex schemen die Tiere emen gewissen Grad von Janger anhaltender Ak
mausahcn zu erlangen [iere die 9 Wochen 1n remem O, gehalten waren und
nach 6 Wochen Aufenthalt in Normalluft wieder remnem O, ausge g1zt wurden
erkrankten 1 hemnem Fall erneut an einer akuten Lungeny eranderung Demge
genuber waren ber dem ersten O, Aufenthalt alle Tiere erkrankt Eimne E"“S‘:
AlLlmatssation kann offenbar auch durch mtermittierenden hohen Oy Drud
erreicht werden (Tayror 1949) Da aber pathologische Lungen und }“‘;‘Z
fauficranderungen unter diesen Beding: nicht geschl “‘:h;)_
Lonnen sind wentgehendere Folgerungen aus Untersuchungen der Ery
poese nur mut Reservation moghch

Literatur ot
Acuarp Ch. L Biner uad A. Leara ¢ Surl morten tmosphese uro ygénee Gr

Pans) 1927 184 771773 i
‘\_\Em,\i A ] Dr Enfiss kuzda erd ¢S erst flatmung auf Hamvgll;’;;“ﬁlé‘f:“__
Enythrocytenzabl d_s menschl chen Blutes IT M utedung 2 8 2 Med

422



ERYTHROPOIESE BEI HOHER O AONZENTRATION 417

ATnow A.J Dez des Bluwe be Hy F ha haemat (Lp ) 1940
63 363—367

Broso H T und Ch. M Martiz vs Blood and 6 gases of anmals exposed to ne and
s natmosph esofoxygen  air Amer J Physiol 1923 175 87—92

Beav J W Effects fomygen at ncreased p essure Phy ol Reo 191> 25 1—147

Becker Frevsen H und H G CLawany Zur Frag d S urst B2 gitung Alin 1 Ar
1939 18 13821385

B2 A G Uberd: nem shumoale R gulat nd Blutes Flia haemat (Lp ) 1942 66
222-298

BunN N J T A Warnsanvund § M We suas Lfe span of r d blood ccll Phy 1of Re
199 39°577—616

B0t Lou d M Boc et Hyp v o tion t hypoglobulie Sang 1941 74 433—440

BorMSTERY A Ub r den Einfl s der L Luft ufdi P Ak oges
Py 11911 138 609616

o cort A.E und € L Oantey Oxygen powommgn ¢ F Pah Bact 1932 35 465—469

Borcorr A.E und C L. Oaszey Th gul t nof marrow a u ty e penments n blood
42l nandonth mfuen ofatm pheresnichm xygen J F th Bot 1933 6 200—
241

Bor, ] und A\ Bevestap Retcul cyt e ot nf lowmngeer bal schmi I esugations
fthe ucul cyt bef and ft indu ed yno p 1w patat  th po tural hypotens on,
At med cand 1954 149 345—348

Coms 11, ] A Pol ng dalt at n foxygenpresswrem th mspredar withspecal { nce
tUs oygentnson uss cabond d fens mand ha moglebm F Phy I (Load)
1927 62 211231

O i, A Furth  bervatonsono yg n cchmausat n 7 Py [ (Lond) 19778 63
325347

CLsta H G H Broxes Frevsenc und G L scorr Dasallg m i Verh It o und di
@ 1phol gischen Lungen andrungn rshiden T rartn be langer Einwwkung

bbenS u ¢ ldru ks Lufifahrim d 1940 5 17—23

Couzor | H undR.D Dxwwe Th phy 1gcalbassf ygenth py Charles G Thomas
P blisher Spri ghi Id I s U S A 1953

Coorr ppg Aiund h Sme ® Th t n fth marrow bon tohgh g ntnsionin
8 rmal andan mc guin apgs F Lab fim VM d 1951 37 936—947

CROMG I D A tudy fblood Al wth gh mamow bon by am thod of  ous effu nt
cllct ¥ Py 7 (Lond) 1962 162 13—90

DAty W J und S Bosoumant Ef 15 fomgenb athng @ hart te blood p essur
ad ard ¢ind x frormalmn— esting wth eat hype m: and fir topn J
Inl ¢ 1962 41 126—132

Fo2s trc Aund B Trmuwur Dest mmungd  Lebensz td  ach k ¢ Blutung g bildeten
Ratten rythr zyten (G Hamun) 4 flaphy ol aad 196 5 152—1 8

Fauen W L p Przan, L O Ja o 0 und E GoLowass R St dies on exyth poesis 1T
Fat  contr lingerythr po tapodu ton Poc S p Bal (A 1)1957a. 9§ 237—241

Gravat A P rs M e 1967

CRT W CundW S R 0 Fuad m nal tmulusf  rythr poess Phy [ Reo 1952 3
49405

CUs 3y L wd G Sva & Influnce of con nuated o ygen on th crculaung 1y
tbtocytesingro gm 4 path mur bl and. 1959 45 229236

Jacoma 1, o undE G 1o As & Th dynamu g ilibnumof ryth po esis Homeostat ¢
M Famsms B ookh nSympes wB lgy ™ 10 193 b 110—I31

I L0 E Gorowasser und G- W Gir. v Co trol of d cell frmas n \u
Sthiman F T! hnucsofc lularpolf t n Grun  dStrton 1959 § 3 )




418 BERNILARD TRIBURATT

Lasarcue M und P Arvourp Mod fication des valcurs de Ja masse sanguine ¢t des 1 qudes
terstinels au cours de 1 nhalation 1 oxygene 2 100 p 100 7 Physt ! {Panis) 1957 49 617—
[0:3

Lagssov E und A Om lic aggreg: test ena de metod
for kontroll av blyexponerade arbetares blod Nord g 7 1948 30 227745

Lisac P G Uber Veranderungen der Ret hulo ytenzall des han nchens ba Sa erstoffl
mangel oder uberschuss Fol a hoemat (Lp ) 1962 78 365370

Magsussen J D The anflu nee of exygen tension on the production of erythrocyles n o
1 ta pharmacol (kbh) 1948 5 153—163

Pamve ] R A hzeysund D Lynw Man festat ons of oxygen possoning 1n dogs o fined
atmospheres of 80 to 100 per cent axygen dner J Phys 1 1941 133 P 406407

Remiaep E H C V Moore R Duacit und L. ] Wave Dep essant effects of b gh con
centrations of nspiced oxygen on  rythrocy logencsis. Obscrvaton on pat cnts with s clle
cell an mawth a descr ptn of the observed ton ¢ manfestatons of oxyg n J dhn fusest
1944 23 682—698

See M Reticulocyte stad es The hb ation of red blood corpuscles from the bon marrow
mto the penpheral blood and the production of erythrocytes ¢l ¢ dated by ret culocyte
mvestigat ons  leta med scand 1953 146 Suppl 282

StorsteiN Q  The effect of pure oxygen breathing on the circulati
scand 1952 143 Suppl 269

Tavior H J The effect of breathing o ygen at atmo phe ¢ prs ure on 1158 & 0%E¢
carbon dioude t nsons F Plhyst! (Lond ) 1949 108 264—263

Tuzws G De Sau stoffd ffus on im Geh m E n Be trag ur Frage der Saucrstofl’ erso guE
der Organe Pflg A4 k gs Plysiol 1960 271 197226

Iixstsy J G G V Moore R Dumacn V. Minnicat und M Granstem The role of )g;ﬂ
u the egulat on of erytl ropoiesis D p ess on of the ate of deltvery of new red ¢ lls o the
blood by hugh con ntrat ons of mspired axygen J fun Jncest 1939 28 15441504

Trmsvkarr B H m globmmenge und Blut  Tumen der Ratte und thre Bez ehung zum hot
pergewicht A taphy I scand 1960 49 35—41

on nano ema damed

n and

Trmpuxar B Eine Meth de zur w de Loft n Bestmmung der Ge amthamog] buometft
und des Blutvolumens von Ratt n Act physt | and 1900b 8 417430 oo aufde

Teisunatr B Der Einfluss chr nuscher Hypox ¢ entspre hend 1 000—8 000 m
Erythroposes der Ratte Acta physiol scand 1963a In D uch

Tripusarr B Der Emflus von Cobalt auf d ¢ Eryth opaes der Rt 1t
1963b In Dru b

3500 phy vl sl



Acta physiol scaad. 1963 57 419—430

Auw der Minisch physiologischen Abte lung des harohasha Sjukhuset Stockholm
Schweden

Die Readaptation der hohenpolyzythi h

Ratte an Meereshihe
vn

Bern#arp TRIBURAIT
Eingegangen am 12§ pt mh 1962

Abstract
Trvkarr B De der hohe p b hen Ratt an
Meereshohe Acta physiol scand 1963 57 419430 — Rars were
by d to hypoxia to 6000 m alutude { r40—50

days. The total amount of hemoglabw, blood volume and relative
blood values had been studsed m hypoxia and after transfer to normal
oxygen pressur Total hemoglobn mcreased dunng hypoxia by
150—200 lau e blood values by 100 ;, and blood volume by
25—50 , indicaning the ncrease of oxygen capa ty of the blood
and the volum of the arculatory system 30 days after transfer to
normal oxygen p essure total bemoglob n blood olume and relatve
blood alues had returned to normal. Thereafter relan e blood
values hov ed a trans ent d crease but not the total bemoglobin
Thus th blood volume mcreased again. Problems in connection  th
the homostatic  gulation of erythropoiesis ha  been discussed
e body waght decreased during hypoxia by about 15 After the
period of hypoaa  as over th rat of merease 1 body + eight was
faster than that of anumals of the same ord and body weight

Die bein Sauger unter her Hypoxie auft e sek Poly
Zythamie 1t von absoluter Natur dh dic Hamoglobmkonzentration des
Blutes steigt als Folge emner ten G I 1 Nur

Wahrend der ersten Tage nach emsetzender Hypoxe steigt die Hb Fonzentra
“on als Folge eines Plasmaverlusts Daruber hinaus exfahrt aber auch das Blut
Volumen emen Anstieg

Diese Vernderungen die b der Ratte un Einzelnen untersucht worden
sud (Tarpugarr 1902 2 b) bezichen sich also auf zwes verschiedenc -
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teils auf die Sauerstoffkapazitat des Blutes teils auf das Volumen des Gefass-
systems fur welches das Blutvolumen em Mass bildet Die Sauerstoffkapazitat
steigt dabes bis zu einem Hypoxiegrad entsprechend etwa 6000 m Hohetn
ungefahr gleichem Umfang wic die artenelle O,Hb Sattigung sinkt wodurch
der artenielle Sauerstoffgehalt brs zu dieser Hohe auf etwa normalem Niveau
gehalten wird (Trisuxarr 1962 ¢) Die Vergrosserung des Gefassystems betnift
n glecher Weise das Herz (TriBunarr 1962 €) die grosseren Gefasse {An
THONY und hrEmER 1961) und die hapillaren (Opi7z und Scuvries 19.0)
Die crhohte hapillansation stellt dabes emnen fur die Sauerstoffversorgung des
Gewebes wichuigen Anpassungsprozess dar deren funhtionelle Bedcutung von
Mereaer und Orrrz (1949) noch uber den Anstieg der Saverstoffhapazitit
des Blutes ader ctne Durchblutungszunahme gestellt wird Das anatomische
Bidd der hapillaren entspricht daber dem emer strukturel] fiverten Hyper
trophie (Oprrz 1922 — Retinagefasse)

Es ist bekannt dass sich bam Ubergang von O, Mangelbedingungen zu
normalen O Druck Verhal auch die sekundare Polyzytt zuruck
bildet Entsprechend dem zwiefal Charakter der Anp an
Hypoxie — der ethohten O Rapazitat des Blutes und der erhohten hapillarsa
uon mut dem Anwachs des Gefassystems dic bede die O Versorgung des
Gewebes begunsigen — hat auch die Readaptanion an normale O, Druck
Verhaltusse zwer Seiten Hinsichthich der Ruckbildung der crhohten 0,
Japazitat sind ahtive hamolytische Prozesse und die Erythropoiese hemmende
Euwnflusse diskuuert worden Die Ruckbildung des Gefassystems steht zwar im
Z hang mit der Normaliserung der O hapantat ubersteigt aher
den Rahmen enes qualitativen hamatologischen Problems Es stellen sich huer
Fragen nach ewner optimalen und adaquaten O, Versorgung des Gewebes —
einem Problemkomplex, der zwar Ibar das Regul 1 der Lry thro-
poese betnifit ber dem die Erythropoiese yedoch nur ein Faktor unter mehreren
darstellt

n der vorliegenden Arbet sind die Ruchadaptaonsprozesse besmnt Ubergang
son Hohe auf VMecreshohe verfolge worden Neben den relatven Blutwerten
wurden um quantianv die Erythropoiese erfassen zu konnen und um ausser
dem emne Auffassung von den Veranderungen des Gefassystems zu crlangen
auch Gesamth lobmn und Blutvol ht Derarige Studien
scheinen 1n nur sehr hesch \! Umfang v licgen

Material und Methodik

lichen Rattcn cines Stammes (Wistag) vof
Das Durct gewicht von zner Versuchsgruppen bﬂrugdba \ncguﬁun

hegun rund 260 g das emer westeren Gruppe rund 3,0 g D ¢ Dere seurd el 2

Laterdruckhammern H -poxie entsprechend 6 000 m Hohe 43 bzw " ngan

tzt. Als Futter di nte emn pezielles Rattenbrot (7usammensc(zung

Hafer Mohrruben und Wasser ad kbrtam

Die U b wurden an

gese

1960 a) sowie
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Abb. 1 Gow cht und Blutwe te on R nm M eh b 1 b 43 thgig m Auf nthaltn
Hypox entsp ¢ hend 6000 m Hob und n ch Ube gang uf M eshohe (T g 0) Mt 1
B\ n2Tergruppen onj 6 (off Symbol ) bew 8 (ges bl s ne Symbol ) Te n
e \ormalwe t f G mthmglb Bl t und Plasm  lumen fur Tc e ntsp ech nde
ssc md gestnch It wmge ¢ hnt

D¢ Gesamthamoglob nmenge wurde mut ¢ ner modifi _rten alheolaren CO Methode
(TriBURAIT 1960 b) unter Beruchsichugung der spezi len Atmungsverhaltnisse be m
hohen dapterien T (Tmsuaarr 1962 a) besummt Dabes befindet sich das Tier
¢ em geschlossenen At msystem dem et as CO zugefuhrt 1rd solange bissich en
Gleichgew cht zwischen \temgas n und O Hb b COHb emngestellt hat. S nkt nun
durch Hypen entilauion der al  olare CO Dru k, o ste gt entsp chend de al colare
ODruck — ein Grosse d  d reht n die Ber chnung der COHb-Satugung aus den
Partialdruchen von GO und O des \temsystems und aner Gle chge  hush nstanten
@ ghe

Furdie an 6000 m H h adapu rte Ratte st m t Hlie mes ndireht n Verfah cns
“nalveolar r CO Druch on 17 mm Hg rrechn ¢t orden (Trimtaar 1967 d) \us
der etwa 40 Tage na b beendeter Hypoxi on 5 Tieren besumumten Glerchgewichs-
Sonstanten demten mWert on 219 = 158 mit dem Normalwert yon 221 uberein
Mmmt ergbt s h £ er dass au h u des m Ze tpunke normale CO bn O,
Druchvechaltnisse o 1egen Im ubngen -urd n unter Berucks chugung der u  von

> und Omis (1948 besprochen o\ nuilations erhaltnisse unter und nach Hypoue
folgende al colar n CO Druck mach End der Hypoueperiod ang nommen nach 2
20 mm Hg na h5 T gen 74 mm Hg nach 10 Tagen 23 mm Hg nach 15 Tagen
2 mmHg na h 95 T g n 30 mm Hg nach 0Tag n 3> mm Hg
Konz ntrat on und Hamatoknt aus denen sch  usammen mut dem Gesamt
Bstmoglob das Blut  Plasma und Enthronvien olumen berechn n warden i der
€T angeg benen W 1se bestmmt (Trisraarr 1960 b)
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Tabelle I Gewnht ynd Blutut erte scrschoedener Trergruppen vor Hypoxse (a) m Hy

bpoxe ent
Cruppen I und 1 befanden sich 43 Tage lang in tHypoxze die Werte ¢ entsprechen dem 36
lang s Hypoxse die Therte ¢ und d entsprechen dem 43 § w 109 Tag nack beendeter Hypoxie

a Gen chit g Tot. Hb g g Hb/ Rel Hh g Het

1a 293+ 43| 1973004 06730071 1301 £ 0280) 4201112
b 25 41| 502+0178 18330069 2514 1. 0,21] 7822166
€ 354 £ 20 | 243+ 0066 069:4:0019) 1102 1 0203 343+ 018

Ha Blx 34 206 4+ 0059 072:4:0023( 12734 0228| 4064106

3L EN2 | 2274 003] 069 10014 U1340300) 3244055
352 89 [ 25020137 071:0027] 13304 0330] 4542 100
32100 | 7371 0407) 227 :0108] 2644 L0 422| B3 £1 >
H3£ 146 | 300£0167) 073.£0023[ 11 0 0007( 464 186

6
[
G
&
bl 8 1 2593 77| 4851:0230) 187 £ 0062| 2623+ 0339 7224144
8
2
6
5
5 4363127 | 322+ 0145] 07450040 139> 2 0405) 4324 12%

Ergebmsse

Die Resultate zw eier Versuchsserion von6bzw 8 Ticren diceinewertgehende
Ubereinsimmung aufweisen  sind 1n Abb 1 dargestellt Aus Iab I sind
ferner die Daten var Hypoxie nach 43 tagiger Hypoae entsprechend 6000 m
Hohe sowie 36 bzw 43 Tage nach Ende der Hypoxeperiode ersichtiich,

13 tagige Hypoxic fuhrt zu ener marhanten Polyzythamie das Gesamt
hamoglobin 15t um etwa 150 9, gestiegen Hb Konzentranon und Hamatohst
um etwa 100 °, ber eanem Abfall des Plasmavolumens wm 20—25 %, 1t das
Blutvolumen um 2530 9, hochsignifikant gesuegen (p < 0001) Der Abfall
des Pl i 15t ebenf: 1 filant (p < 0001} auch
wenn das Plasmasol auf das Korpe ht bezogen wird (ml Plasma
volumen{100 g Korpergewicht P = 001-—0001Y obwohl cbenfalls das hor
pergewicht hochsigmifihant abgefallen 1t {p < 000[)

Nach Ubergang von Hypoxie auf Meereshohe (Tag 0 der Abb 1) steigt
das Korpergewicht rasch an  Auf diese Veranderungen wird unten noch naher
etngegangen

Das Gesamthamoglobin der emen Gruppe erreicht nach rund 29 Tagen in
neues Nveau das der anderen Gruppe nach erwa 3o Tagen Diese Verte

gut mat den N Iwerten von gleichgrossen Treren dieses Smmm(t
uberemn. (TriBURAIT 1960 a) Diese sind 1n Abb 1 gestrichelt engezerchne
worden Der Charakter der beiden hurven entspricht am ¢hesten cxn:n
exponentiellen  Verlauf Dieser wird ber semuloganthmuscher Dm"?”“:“g
deutlich auf deren graphuche Wiedergabe hier Jedoch verzschtet uordcntm
Die Glechungen der und deren horrelationskocffizien
lauten y = —00113x + 06983 r = — 0996 und

y= —00098x + 07013 r = — 0993
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37 chend 6000 m Hohe (b} und nach Abschluss der Hpo wpersode (¢ d} Die Tiere der
b0 43 Tag nack beendeter Hypoxie Duw Ture der Gruppe I befanden sich 48 Tage
=Aazbl der T'ere

ReLHbgo 10o| Blutvol. ml [mt Blunvolf} Ery vol. mi] mlEny voLf ¥ ot mi [t L voty
Ha x 100 g Gew 100 g Gew 100 g Gew

310016 12020041 69=012| 64:£027) 222008 [138:£022] 472007
322046 (266073 97 2031|156 058 572023 [110 043 402017
212063 (2942086 832024 762023} 223000 [218 2064 622017
342022 12161081] 762032 66 019) 23 007 [151 Z 068| 52026
N2044 1266 £109{103 2 027(150 2072 58 L 023 16038 452010
Soxass 7308 s2x024| 72 026/ 22005 (200 060) 6.1 %020
BSL07> [201£153) 71032] 85205242013 (1665 102] 4720 1
3102025 (371 164|1142047(238=139] 73036 1332 048] 412019
A1 343 L0191 83+ 003{1202091| 292019 {2232 123 242015
33202 [3083129| 71:046[100=0 0] 23015208091 48034
—_—

Der Abfall der Hb K und des H knt bis zum 29 baw 36
Tag entsprcht nicht ganz dem des Gesamt Hb Das bedeutet dass das Blut
volumen gleichfalls langsam sinht und zu diesem Zeitpunkt Normalwertc
arecht. Das Plasmayol steigt lich rasch und herdet sich bex
der cinen Gruppe schon nach 9 Tagen nicht mehr vom Normalwert, bet der
anderen nach 23 Tagen Uberraschend fallen dann plotzlich die relauven
Blutwerte zwischen 29 und 36 Tag bzw 36 und 43 Tag auf eine Hb hon
htraton von etwa 11 g % und einen Hamatoknt von etwa 34 Diese
heichen ganz betrachthich von den Normalwerten ab Entsprechend steigen
Blur\olum:n und Plasmavolumen hochsigmfikant (p < 0001) Die muttlere
Hy honzeatration der Erythrozyten ausgedrucht durch das Verhaltrus der

Ronzentration zum Hamatokmt st dabes unverandert

Wabrend 1n diesen beiden besproch Versuchssenen hender die
Readaptauon der Blu erte bis zur Normalsicrung des Gesamthamoglobin
Untersucht v orden 15t ist 1 der dntten Versuchssenie vor allem der + eitere
Verlauf verfolgty orden Daber wurden grossere Tiere in der Absicht ges ahlt
Yon Wach bh das Blutvol verfolgen zu
tonnen. Day war allerdings mcht der Fall. Ferner urden die Blutwerte nur
& Hyposie 48 ‘Tage nach Hypoxicbeginn sowie erst wieder 43 Tage nach
Ende der Hy do b um d e Moglichkext emer Beewnfl .
der Tiere durch zu haufige hmen (\achblutungen Infek )
uszuschliessen Leider starben 1m Laufe der Zait 3 von 8 Tieren Da aber die
Mitielwerte aller Ausgangs crte unabhangig davon v aren obsievon 5 6 oder
8Taeren berechnet vurden s urden jev ails alle verfugbaren Werte verwendet

Die Resultate sind Abb 2 sowie Tab I zu entnchmen Die Polyzythame 15t
"ach $8-tagiger Hypoxe mit eimem Ansticg des Gesamthamoglobin um rund
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Abb 2 Gew cht und Bluty erte en r Grupp von Ratten vor Hypone (Mttelw rtc on8

T e en) nach 48 tag gem Aufemb It ;n Hyposs entsp cchend 6000 m H b (qucl\n!;fi
son 6 xn) uad na b Obe gang uf Meereshoh (Tag 0 M utelnert on 5 Teren) B
Nonmal erte fu G_samth moglobn Blut und Plasmavolumen fur Tier entsprechen
G sse ndgestrch kt mg z chnet

200 9%, der relativen Blutwerte um etwa 100 %, und des Blutvolumens um rund
50 /, betrachthch ) -
43 Tage nach Ende der Hypoxiepertode pricht das Gesa
genau dem Normalwert von Rontrollueren dieses Gewichts Im Verlauf der
weiteren 200 Tage steigt dann das Gesamthamoglobin etwas aber auch pur
entsprechend dem Cewich hs D Hb K 1t am 43 Tag
put 11 7 g °% ahnlich medng wie auch bei den berden ersten Versuchsgruppert
Der H: kot hretet d aber mcht den Normalwert Darats
resultiert emne abnorm miednge muttlere Hb honzentration der Er)dlmzylf;':
(p < 0001) Imweiteren Verlauf weichen Hb konzentration und Hamatol o
nicht mehr von der Norm ab Blut und Plasmavolumen sind chenso Wit "
den ersten baiden Versuchsgruppen am 43 Tag schr hoch daber it das acn
das Korpergewicht bezogene Blutvolumen be allen drer chsudlsgrUPcE;d
volhg glesch Das Blut und Plasmasolumen sind dann vom 100 Tagany?
raknisch normal
P Die Veranderungen des horpergewichts dor dret Versuchsgruppen ¥ f:l}:;'j
und nach Hypowe sind in Abb 3 zusammen mit dem durchschm;s o
‘Wachstumss erlauf normaler Tiere zusammengestellt Dieser wu")fi‘j ;:mncl
smttleren Zuwachs son hundertzehn 200—40 g schweren Ticren
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Abb 3 And rung nde G chts on3 T er; w br ndundn chHype  ntsp ech nd

gi‘mm H he Ve Iwert  onjew Is 5—%“3"’2‘":: De Pf e kenn  chnen das Ende der

Hipoxcperad De gestrch I€ angedeutet  hurv 0 erlauf der n n Gruppe w hend

Hypoue entspricht inem Eefahrusgss ¢ D usg og ne hunc gbtden on 110 T eren
iexs Stammes g funden n durchschnitilich n Gew chisans eg w eder

In chrcmsnmmung mit den Erfahrungen an emem grosseren \Matenal
(TrasurAIT 1962 a) 1st das Rorpergewicht der beiden ersten Gruppen nach 2
giger Hypowe um 1015 gesunken Davon der dntten Gruppe st elnem
Ausgangsgewicht von 320 g der Abfall mcht gemessen worden ist yurde ein

hrungswert emgesetzt und der hunenverlauf nur punhtiert angedeutet
Im weteren \ erlauf der Hypoxie steigt das Gevacht nur genngfugig oder
tucht \it dem Ende der Hypoweperiode steigt das Ges acht sprunghaft Der
Wachstumsyerlauf dieser Tiere entspricht jetzt ganz und gar nicht threm
Aer Aber auch wenn man vom Gewicht ber Ende der Hypovieperiode
ausgeht 15t der Gen1chtszin achs dieser Tiere verghchen mut dem von Normal

teren hoher Das wird besonders deutlich bex der dntten Gruppe deren Endge
wicht das Durchsct

tsgex 1cht von Normal um et a 40 g ubersteigt
Diskussion
Hamatologische Studicn der Umstellung emnes hohenad Orgamis
:Hs auf Mecreshohe honnen unter zwes verschied Aspclten vorg
erden | 1m Hinbhick auf Fragen wie Zellabbau E der Zellprobfe
‘(‘h"" Esenstoffs echsel ua — m hichen also morphologische bio-
emische Probleme 2 um Hinblick auf das offenbar homotostatische Gleich
gewicht der Eryth — an rein funht {les Problem Beide Problem

ur‘:e sind untrcnnb;r miteinander verbunden und stellen nur zwes Serten en
Ddt:selbm Fragenkomplexes dar
mm't Zahl der Studicn uber dic Readaption von hohenad Organis-
d an Meereshohe 15t relauv sparlich Im + esentlichen st daber die Frage
UUert 3 orden 1n v 1e weit der Abfall der Erythrozytenzahl a) durch emen
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aktiven gesteigerten hamolytischen Prozess und b) durch eine Hemmung der
Zellneubildung be1 normalem Erythrozytenabbau verursacht wird

Untersuchungen des Zell it Hife von Gesamthamoglobin und
Biirubin  bzw  Urobihnogenausscheidung haben dabet zur Vorstellung cines
beschl ten Zellabb ber aleich H der Zellneubld

gefuhre (Merino 1950 Remssmany Burknaror und Hovusaier 1952) Gegen
diese Resultate honnen jedoch Einwande erhoben werden Nach Loxponetal
(1948 1950) stammen nur etwa 70 9, des Bilirubin vom Erythrozytenabbau
der Rest von Cytochrom hatalase Myoglobin und einer unbehanuten Quelle
die mit der Hb Bildung in Zusammenhang stehen soll Ferner hann cine
veranderte Leberfunktion unter Hypoxse bedentungsvoll san Die Resultate
von Fe Umsatzbestunmungen haben Hurr et of (1951) m gleicher Weuse
gedeutet

Direkte Messungen der Erythrozytenlchenszest beun Ubergang von Hohe
auf Normaldruch haben andererseits kemen oder nur emen ausserst unbe
d den ten Abbauprozess wahrschemnlich gemacht (Fraers und
BerLv 1952 RevNaparje Lovano und Vaipwvizso 1959) Letetere Unter

hung 1 sichu a besonders dadurch aus als sie an vollakklimatt
sierten Hohenbewohnern der Anden ausgefuhrt worden sind Damit Lann ane
homogene Vertetlung des Erythrozytenalters im Blut ang werden ~
am verstandlicherw exse wichtiger Punkt bei der Beurteilung des Erythrozyten
abbaus

Vom Standpunkt der Regulation der Erythropotese aus betrachtet komuit
cinem gesteigerten Zellabbau unter diesen Bedingungen eine nucht unbetracht
hche theoretsche Bedeutung zu Ein aktiver zellabbauender Prozess bey emnem

erhohten S figehalt des Blutes bed namlich ua dass dieser bet

serm
normalen oder veringertem O Gehalt gehemmt werden muss Els st mhdm o
Z h von I dass die Erythrozy <t

Entwicklung der Hohenpolyzythamie dh enem venngerten O Gehalt d;i
Blutes normal eventuell etwas verkurzt ist hemesfalls aber verlangert {FryE :
und BerLiv 1952 Reynararje Beriiy und Lawrrace 1954 BERLIN Revvy
FARJE und Lawrence 1951) der
Die vorliegenden Untersuchungen konnen micht zu ewncr learung“m
exorterten Fragen beragen Der Abf2ll der Gcsammamoglobmmcng; aqu
neues Niveau mnnerhalb von etwa 40 Tagen entspricht zwar gcradcb dlangc
Menge die ber unterdruckter Hb Bildung und emner Erythrozytenle! c:;“ e
von 60 Tagen normalerweise abget wird Da aber unbekannt sst Ob“nm s
dieser Zeat noch Hb gebildet wird und da gerade zu dicsem Zﬂtpub;ldclcﬂ
Ende der Lebenszeit der wahrend der ersten Zeit in H)poxxi )f[il e acht
Erythrozyten erreicht sein durfte sind Aussagen uber dic Art di N laul
moghch Bemerkenswert st dabes der offenbar exponcntelle hu e 1
der auch beim Zellabbau unter Normalbedingungen bcobachct‘cl e it
(Forsspere und TRIBULAIT 1962) und ewner Resorptionshurve si
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Fur das Problem der I hen Regul. der Erythrop bat
das Verhalten der Hb & und des Blutsol hrend der
hh Periode emn lles Interesse Da unter Hypoxie mcht nur

YP

die Hb honzentration sondern auch das Blutvolumen und damut eng ver-
bunden die kapillarisation des Gewebes anstexgt sind in der Readaptations~
peniode die | oraussetzungen emer uber das Normale hmausgehenden O,
Versorgung des Gew ebes gegeben Wird die Funhtion der Erythroporese durch
Prozesse gesteuert die von der Grosse der O, Versorgung des Gewebes ab-
hanglg sind 15t durch emne verbesserte O Versorgung des Gewebes infolge
dieser erhohten hapillansation e Absinken der O Kapazitat des Blutes
unter den Normalwert hinaus denkbar

Eun solcher Mechanismus setzt allerdings voraus dass 1 die erhohte hapil
lansation auch unter normalen O, Druck Bedingungen tatsachlich funk-
tonell wirksam 1st Das bedeutet dass diese hapillaren auch nach der Readap-
tation i etwa gleichem Umfang durchblutet werden wie unter Hypoxte 2
muss auch das fur die Erythroporese i diesemn Z b heidend
Gewebe eane erhohte hapulansation aufweisen 3 mussen die Mechamsmen
(Fermentsysteme ctc) die auf Hypoue zu emer erhohten Erythropowese
fulren ber hohem O, Druck m entgegengesetztem Sine wirksam werden

Mach den Untersuchungen von Huernane und Orrrz (1950} st auch
langere Zext nach der Readap mmut emem hen Fortt d der
ethohten Rapillansation zu rechnen Das Auge des haninchens zeigte 82 Tage
nach Ende einer 6-monatigen Hyponiepertode 1n 6 000 m Hohe emne um etwa
309 vermehrte Rapillarisation Auf emne langer anhaltende funktonelle
Wirksamleit dieser erhohten kapillarisation lasst sich aus den Versuchen
Canpper s (1927) schliessen erst etwa 40 Tage nach Ende emer 40 tagigen
krafiugen Hypomeperiode hatte sich bem haninchen der subcutane bzw
itraperitoneale O Druck dem Normalwert genahert Uber Art und Sutz des
mit der Frythrop m Z h henden Gewebes lassen sich
bisher keine sicheren Aussagen machen Hinsichthich der O Druck Abhangig~
Leit der Leistung biologischer Systeme sex nur an Hb ennnert

Das Aufireten emner Anamue ber der Readaptaton an normale O, Druck
Bedingungen das eventuell die Vorstellung emnes funktionellen Zusammen
hangs zvuschen der Grosse der Rapillansanon und der O Kapamtat des
Blutes stutzen kann st verschiedenthch beschrieben worden Tyrzr und
Barowiy (1933/34) sowie GorooY und hremsERG (1937) haben an Ratten bzy

fecrschweinchen Hurtabo MEeRo und Dercano (1945) sowie ReEv arare
el (1929) bes Bewohnern der Anden dic Jahrzehnte 1n uber 4 000 m Hohe
gelebt hatten uedrige Hb b funden Gesamt Blun ol
Bﬂummungcn ber eimgen Hohenbewohnern lassen enc vorubergchende
absolute Anamie erkennen der ewe langanhaltende relative Animue folgtn.
(Revvararje of al 1959)
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In den ergenen Versuchen wird ebenfalls eme Anamue gefunden Diese 1t
aber nur relatv d h ber normalem Gesamthamoglobin ist lediglich das Plas
masolumen gestiegen Damt scherdet die Moghichhat einer zestwethgen In

des erythrc hen Gewebes als Ursache der Anamie aus Sic
entwichelt sich ferner erst plotzlich nach der Normabsierung des Gesamt Hb
etwa 30 Tage nach Ende der Hypoxe Biszu diesem Zeitpunht fallt die Hb
X relanv lang als das Gesamt Hb wormt auch das Blutvolu
mensinht Das Blutvolumen ist bis dahun zwar hoher als zu Beginn des Versuchs
Da aber mzwischen die Tiere gewachsen sind was das Bild homplazuert, 15t
es normal 1 Relauon zum horpergewicht Die Moghehhest dass 1m Zusam
g mut den h Bl I Nachbli oder Infektionen
zu dieser spat aufiretenden Ananue gefuhrt baben kann durch die Resultate
des 3 Versuchs ausgeschlossen werden Daber waren nur in 4050 tagigen
Abstanden Blutprob worden Der Hamatoknt dicser Gruppe
entsprach mcht ganz der Hb K — eine Ersct die gelegent
Lich auch wahrend Hypoxie ber alteren Tteren beobachtet worden it (Trsy
RAIT 1962 a)

Bex der huer besprochenen Anamue handelt es sich also um eme reme Ver
d ohne Beteil des Gesamth lobin Ber zwer anderen
untersuchten Anamueformen der akuten Blutungsanamie (TRIBUKAIT 1960 ¢}
und der sich langsam entwichelnden Anamie nach Rontgenbestrablung (Triy
®arr nicht veroffenthcht) fiel die Hb K nur entsprechend dem
Abfall des Gesamt Hb Das Bluty slumen war also unverandest Fs st 1 ohl
denkbar dass die Voraussetzung fur die relame Anamue nach Hypoxee das
unter Hypoue angestiegene Gefassystom st

Cher den weiteren Verlauf der relatwen Anamie sind hucr hewne sicherea
Aussagen moghch 100 Tage nach Ende der Hypoxie werden zwar normai¢
Blutwerte gefunden Da aber das Gewicht der Tierc mzwischen angestiegen 16
muss offen bletben ob die Tiere gewissermassen nur in thr grossercs Gcmr;
system h hsen snd oder bex dertem Gewicht 1 eiter ananus
geblichen waren 4

Im ganzen geschen scheint zwar nach den Angaben der Luteratur und dest
-eigenen Untersuchungen zeitweilig eine Anarme wahrend der Ruckadaptation
an normalen O Druck aufireten zu konnen Daraus jedoch auf emen funhli:
nellen Zusammenhang zwischen dem Grad der hapillansation des Gev Cd“
und der Grosse der O hapazitat des Blutes zu schhessen st so lange mu:u
sicher moglich als vor allem die hapillare Durchblutung emen unbebant
Faktor darstellt

Der rasche Gewichtzuwachs nach Hypoxie zagt dass die h)'p(l’?rs‘::
Wachstumshemmung mcht auf emner ireversblen Schadigung der | 919)
beruht. Ein ahnliches Verhalten ist ebenfalls nach Hypoxie (ALTLAN < 1958

sor allem aber Mangelernahrung s erschuedener Art (Cuarse und s;i‘;:g dass
Jacrsov 1939 v Berravanrry 1951) beschneben worden Es st aul
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due alteren Tiere hohere End, hte als der Durchscl von Normaltieren
eraxchen Es lasst sich hier mcht entscherden ob das auf emner Auswahl be
sonders wachstumskraftiger Tiere berubt oder ob spezielle Bedingungen nach
Hypoxie emn ubernormales Wachstum bewirken
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Beh: and M Levels During Long-Term
Admumistration of Reserpine to Rabbits

By
Jan Haceenparn and Marerr Linpgvist
Rece d 145 ptember 1962

Abstract

Hacoespar | and M Livogvist Behaviou and monoam ne levels
dun glo  term adm mstration f ¢ puet abbu  Acta phys ol scand
1963 57 431—436 — Rabb ts were mjected with reserpine (0 I and
02 mg per kg subcutan ously) dasly for weeks Noradr nalme dop-
amme and 5 hydroxytry were mtheb am no
adr naline in the hea t and adrenahine in the adrenals Most of the
xonoamunes disappeared from th tssues dunng the first few w ks
Almost normal behaviour was observed 1 ammals with very lov
mwoncamine les Is Thus the m jor part of the monoanune sto es
could be remo ed vith but lght functional changes The data sug
gested however a correlation between the r maimag small fraction
and behaviour

In the study of the monoamines in the central nervous system the behaviour
of the anmals has been correlated with mereased or decreased levels of the
brain afier of certamn drugs Much attenton has
been paud to the effects of reserpine and the sedation of the anumals has been
sorrelated with d d levels of noradrenaline d and 5 hydroxy
Uypsamune (5 HT)

Many Investigators regard this sedation to be caused by a lack of one or
several of the monoamines (Caresson e ol 1957 Owps 1959) According to
hnubnz and coworkers however the sedation 15 caused by an excess of 5 HT

berated from the stores (see SHoRe ef al 1957) An overt sedation has been
assaciated \ 1th a depletion of about 50 per cent of the normal 5 HT v nwe
¥abbit bramm (Costa ef al 1962)
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Most of the studies on the rel hup bet bek and bram mone-
amine levels seem to have been performed with one or a fow large doses of
reserplne

Some experiments on behaviour only have been made after small daily
doses of reserpine, (PLumMER et al 1954)

In the present mvestigation the effects of small daily doses of reserpine were
studied with respect to behaviour and brain levels of noradrenaline dopamine
and 5 HT'

Methods

White female rabbits weighing about 1 5 Lg recenved daily subcutaneous njections
of reserpme Onc group recened 0 1 mg per kg for the first 15 days and therealier
02 mg per kg (series 1) Another group recewved 0 2 my, per kg throughout the experument
(senes 1I) A single dose of reserpine 0 2 mg per by was given to 4 rabbits Ampoules
of Serpasil (Caba) contamung 2 5 mg per ml diluted with 5 per cent glucose were used
Every rabbut recenved 1 0 mi per g of body weight Control rabbits were myected with
the corresponding volume of the vehicle (Cba) The ammals were hept m a quict
room at -4 22 C

The rabbits were carclully observed several tunes a day for signs of sedauon (de
wreased motor actaty and lowered responsneness to sumuls) posture muoss and
Jtosis

The ammals were killed by air embolism 1n senes I 20 bours and

hours after the last mjection of reserpine The rabbits which receiv
keze Lulled after  or 28 hours

n sertes 11 4 ar
eda ngledose

The bram heart and adrenals were immedsately removed and homogenized \ £
34 N perchlanc acid Adrenaline and noradrenaline  cre d d to the
nethod of BerTLER, CARtssow and R (1958) and dop accordisg 0

Carsson and Warpecn (1958) modified accord ng to Carisson and LanogvisT
11962) 5 HT was estimated by the method of Bertier (1961) except that the per
ilonic acid residue was reestracted once wath 0 4 N perchlonc acid (2 ml per g i)

Results

Behaviour of the rabbits

When the animals 1n senies T were observed # hours after the danly wyect v
01 mg reserpme per hg of hody weight increasing rescrpie signs HPPW;M
dunng the first few days sedation typical posture miosts and ptosts Or "
5th dav the effects of this dose of reserpine seemed to decline Durtng the seo0 "
weeh the amumals looked almost normal On the 16th day the daily doe ‘a"
increased to 02 mg per kg of body weight After every daily dose itzf“k
reserpine signs reappeared which remained nearly the same from the 4th
and throughout the experument

The rescxpine signs were generally wealer 20 hours after b
after 4 hours Ths was espeaally truc during the latter part of the
After the 20th day the anumals hardly could be dusunguished from

108 of

he daly njechion than
expenment
the controls
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Table I Neradrenating dopamne and S-hydroxpty pramine w rabbit bran £ and 28 hours after

injection of veserpine
4 hours 28 f ours

T T
XY 'DA ,uHT ’1\00!‘ Ny lm lmr lmor

aninals ammals
| |Pwmab

Reserpre

02 mgjkg 10

rabb s pretreated

uth reserpine

Lxpenment 1 0010 | 000 | gosz £ fooo |00 joor

L penment 2 o011 | 0036 |onz 1 fome [oor oz

Rescrp ne

02 mg/ig

Nopretreatment {017+ 0334 [0162 | 4 o134 |os2s)owe] ¢
0059 0079 |o043 0019 |o029 |oo14

Norm 1 0354 ]057+ fpa3¢ ] 4 |~ - ~ -

0023 Jo027 [o001

Singl  values exp essed n uglg tssue
Values are means + standard error of the mean, expr od a uglg tsue

When the animals had received Teserpme 02 mg per kg daly f;)r sc\:a"a:l
weehs (serics 11) the signs were clearcut after 4 hours but after 28 hours
ammals looked almost normal as n serses 1

fhe normal inerease of body weght stopped after the adm}nﬁl:ﬂg’b’;):f
02 mg per hg had started but after 2 few weeks the weights of th
started to increase agan (data not shown)

Ladls of reradrenatine z({npmmm and >-fydrogyipplanine Seres 1 ‘T}}cwl:lar:;
monoarmnes of the rabibts in series T ave shown n Fig 1 as per cent o
values The control values did not alter during the capenment 3y wesght for

After the dady adminstration of 0 1 mg reserpane per kg of bo {dxc fmm,]
one weeh the brain monoamines were low about 20 to 30 per cent o r kg were
values The values one weeh after the dose was increased to 02 rlngxlﬁmn 10 per
still lower for noradrenaline less than 5 per cent for dopamine %‘ e s e
cent and for 5 HT less than 20 per cent of the control valuﬁ) eets from the
mained fow during, the rest of the experiment 1 ¢ more than

f the adminustration of reserpine d st re
5‘31‘:1 (t)hc heart there was a raprd decrease of the noradr;n-l::l; i?;;d;;z:‘cnﬁbﬂc
mained very low throughout the expeniment In the ? ;ﬁl towards the end
content was strongly reduced but tended to increase shghtly

of the expenment (Fig 2)
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Senies I Rabbuts which had receved reserpine 02 mg per kg daiy for

several weeks were studied with respect to bek and bran
levels 4 and 28 hours after the last injection After + hours they showed clear
cut reserpine signs and ly low bran levels the lowest so

far observed 1 this 1 estigation Twentyfour hours later when the animals
looked almast normal the bram levels had mcreased agamn (Table I)

The table also shows the bramn monoamme levels of rabbits 4 and 28 hours
afier 2 single dose of reserpine 0 2 mg per kg The behaviour of these animals
&id not differ markedly from that of the pretreated ammals described above
The bram monoamune values 4 and 28 hours after the 1njection were of about
the same order of magmtude with perhaps a shght decrease of the 28 hour
values and generally much higher than those of the pretreated ammals

Four hours afier the last the adrenals of the | d ammals
contaned very small amounts of adrenaline about 2 per cent of the control
values After 28 hours there was perhaps a shght merease

Discussion

The results of series I show no correlation bet een the behaviour of the
anmals and therr bramn monoamune levels Dunng the first week of admins
tration the most clearcut reserpine signs and at the same time the highest
Inonoarmne levels were observed From the 4th week and onwards the anumals
Iooked almost normal but the monoamine levels were very low

In the pretreated animals of series II there seemed to be a correlation be
fween the behaviour of the amumals and therr very low brain monoamine levels
both behavioural and biochemucal effects + ere more pronounced afier 4 than
after 28 hours

The results may be explained by the monoarmunes baing present 1n the bramn
0 tho main fracuons one large fraction perhaps stored monoamumes which
may be reduced by reserpine without any effects on the behaviour and one
smaller fraction v hich may also be reduced but in this case + ath effects on the
behaviour

Chang:s 1n sensitwaty to the monoarmunes or 1n therate of their synthesis may
also be involved and explan the adaptation to reserpine

In thys laboratory MaraEwicz (1963) has extended this expeniment to
mice The results d are n gencral vath our results With the
doses used however the adaptation y as more evident an the mice than 1n the
Tabbits ‘The catechol anunes 1n the mouse adrenals increased markedly 1n the
latter part of the P t and the lne level 1 almost to the
normal value This wncrease could hardly be detected in the adrenals of the
Tabbuts

The present results appear to call for a re-cvaluation of earher
1 which attempts have been made to link sedaton to a definite level of one
Monoarmune
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Sinus Nerve Smulation 13 the Chloralose
Anesthenzed Cat Effect ont Blood Pressures Heart Rate,
Muscle Blood Flow and Vascular Resistance
By
“TuoMas haLi® 1 M D

R a2t s ps smber 1962

Abstract

farue Teowas § nus 7 S mulati 2 the woat  nestheti &
o Acta physol scand 1963 57 437435 - In he chloratos

anesthexszed cat sho © durat on sumt (0 950 ) B €} of the sus
nerve produce A presso nse This p €p2 avon  as wtd zed 1o
exatane the relatien perwe 1 fr quency of d rect chemo geapror
Fher sumulatios and change @ blood pressure heart ya1 muscie
blood Aoy and muscle ascula resistan € DBlood pressure hica t rate
and musct  aseuld exstantce ncreased dunng $ aus nesve stmud

ation p oporton 1 th {equ Bey \lusdd blood flow enain a e
senualls constant desp te the pressu € FIS€ Responses  IE detectedt
a0 cp Maxmun respans occurred 3t 1670 ps The rang® of
¢ equeney espons aseula €8 wROC ud heart ate s slar
w that obtamed by ¢ mulat ng ympathet 5 4ty Thus both
fsmbs of a card aseuta  flex 2 ha ssmia fequenst response
oha acte sues Ta 1 ¢ hood that the data DR dr p cients an
app oxunat o8 ofth b omo< B Tesponses wh ch n other prepar

at ans ar mashed by B domnan  of ‘paroceptor fun uon s discus.

sed

Asiswell hnov 8 sumutation of the cavotid body chemoreceplors by ndirect
means such as decreasing arterat pO \ncreanng arterial pCO or wyecung
srall amounts of certasn drugs produces @ aise m blood pressure and an smcrease

w yagular vesstance 10 fferent vascular beds {HEnIAN and eI 1958)
Changes wn. heast rate WY also occur Attempts Lo study the response to dureet
electneal sumulauon of he chemoreceptor ‘Sbers have been Juxuted by the fact -
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that the sinus and aortic nerves contam both baroreceptor and chemorcceptor
fibers When the nerve 1s sumulated directly haroreceptor depressor function
usually predomunates and blood pressure falls the heart slows and there 1s
nhibition of sympathetc discharge (Bronk ¢t al 1936)

Nrit Repwoop and Scuwrirzer (1949) have shown that an the eat anesthe
uzed with chloralose stmulation of the sinus nerve with xmpulses of short
duration has a pressor effect suggesting that chemoceptor function 1s pre
domuinant The present expeniments utihzing the obsersation of Neiw ef of
were designed fo obtain quanutative data 1n the form of sumulus response
curves on the effect of eleetnical stumulation of the chemoceptor fibess sn the
sinus nerve upon blood pressure heart rate and muscle vascular resistance
It wis postulated that this information obtained by straulaung the afferent
Limb and recording from the efferent mb of a cardiosascular reflex arc when
compared to data of others obtained by sumulating and tecording from the
efferent imb would provide nsight into the central control of the circulation

Methods

Expeniments  ere performed on 12 cats d wih 70 mg
mtravenously A supplementary dose of 2 —35 mg of chloralose/hg was giscn one

hloratose/h

half hour prior to ot the exp 1 data If the L ry duscdwcrc not
tnen stmualation of the sinus nerves frequently produced a muxed or @ deprassor
response

to thewr yunctior with the
The nerves were repeatedly
d Io chmmate the buf’

the vago-sympathetic
& ma ntained on
djusted prior o

Both mnus nerves were exposed from the carotid body
glosso pharyngeal nerve and cut close to the carotd body
washed with saline to prevent drying and then casefully blotte
fering effect of thoracic baroreceplors and chemorcceptors
trunks and the soriic nerves were cut i the teck The anmals wert
positive pressure respiration at a frequency of 161-20 per munute a
section of the v\agi ta just depress spontancous ventlation

The sinus n:r\gcx chn: Iaui) acros}: small silver wire bipolar dcctrodl;l a:?s:l;mu\:f::;:
witt a Gras S+ squarc wave sumulator Voltage (4 or 6 volts) ann cp ey samed
{005 or 0 1 msec) we e adjusied 10 give MaxIMUM pressor rcspomzh df\l"am“ W10
between 05 ard 20 wmpulses per second Stimulation with 3 P ucn e from 30
msec or longer ga e a mixed or a depressor response Stumulus duralio bt
t0 90 seconds depending on the tume requred to reach 2 maxanum Y:SP:’ oad 2 Grass

Arterial blood pressure was recorded utihzing Statham strain z{gx ugmmd“ Ao
direct witing polygraph Muscle blood Bow was rocorded with & é\’ Feonn cted to
RN 1258) which +as enclosed i 2 water jacket maintained 2t Brd an s s %0
an ordinate wniter (GoLoscisupy and Linpegen 1962) The ardinate 1 ly propor
constructed that the height of the marking pen above the bzschneru G‘:'_ps!'llmlﬂ' Pl
tional 1o blood flow Heart rate was recorded by the mCth;d? 038 %

Linporex {1962) \ heat lamp mamtancd body temperature ;bun simaed with 2

Muscle blood How was recorded from a hid hmb which h:;l e o as placed
cautery kmfe and the skun reapprox mated with clips A :(lgl cg erew clamp was
about the ankle to exclude the paw arculation A speaially ‘:ngz: artery was used all
was mserted ether 1n the 2o ta or the iiac artery \\hcndlh_l‘{he o low ub ng of the
otber branches at the b furcauon of the aorta were higate
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ARTERIAL

200)
PRESSURE ~ H
m Ky 100} m—
o
MUSCLE FLow (0}
m/m t

HEART RATE
b e

TIME 30
FREQUENCY
yu s

s om0

Fg! Effectofsnusn nestmul ton f reas gf quency mthe hl alosc an ol tzed
€t on blood p essu ¢ muscl blood flow and h art at  \Maximum effect n blood p essur
adhen at oc urs at 20 ¢ps Stmulat n t40¢p 15 pamaxmal M 1 blood f# w
Femans essentially nstant dunng th tm laton Immed tl ft umulus 15 w thdrawn
% e1a tnking incr asng m Al w lasung a mm U or m

drop hamber was ns ted 1n the £ moral artery and the nflow tub ng connect d to
the screw clamp Clotting was pre nted by the adm nstr uon of hepann Artenal
Pressur swer recorded prox mal (syst muc) and d stal (perfus on) to the clamp Manual
adjustment of the clamp permutted ma ntenan  of a constant perfus on p essure desp te
changing systemuc pressure Muscle esstan  as caleulated uthz ng the Pos uill
®quation from the change in flow h n perfus on pressu ¢ as manta ned constant
1 mulus responsc curves of the ff ct of nus nen  umulaton on arterial pressure
andhe rtratew cobta ned indep ndently f om the data on muscle floand resistanc
for du ng the latter p ocedures perfus on pressure  as b Id constant For ach expen
ment data on change m heart ratblood pressure muscle bloodflo and mus le -asculas
Tesistance were compared at each tumulat on f equency n t rms of the per nt of
maximum change obs rv d
Du ng each senes of st mulat ons blood pressure was ma ntaned at a constant
control ley | between 100—130 mm Hg bv admunistranon of Dextran  as nceded
When muscle blood flow was determ n d under constant p rlusion pressu  perfusion
Pressur was ma nta ned constant at 80 90 or 100 mm Hg

Results

1 H i duced

Sumulatien of the sinus nenve m the cat p
a0 increase 1 blood pressure and heart rate v luch + as proportional to the
frcqucncy of sumulation (Fig 1) The curves have the famubar rectangular
hyperbolic form When perfusion pressure 1 as held constant stumulauon of the
SInus nenve resulted 1n a decrease in muscle blood flo  and therefore an in
erease in caleulated vascular resistance 1n proportion to the sumulauen fre
Quency
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The stimulus response curves for change in blood pressure hlzar; I::::ﬁ
xesistance are shown in Fig 24 The curves were plotted by caleulal - fn e
changes n the functions measured at each sttmulation frequency as ‘; p:ra o
the maxumum change observed In Fig » the change o 'n::icco!mnm
resistance 15 also plotted 1 absolute terms the e at the
‘with shmulation 1s termed 100 units From this figure 1: Bn:?ay {:}1 i

ulation was o O
EN sr'ag: control muscle ?Ziuat?lncc befare sumulat e omxed at frequencics of
P ); i
1620 cycles per second Stumuli greater than 30 cps were s;g::’aasnmxtos o
Detectable re.ponses were fi ly observed at as
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Fig 6 Sstemic pressu  and muscl blood f w
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but ase not included n the graphs because measurement of such small changes
35 of inuted accuracy

Constant stunulation for as long as five munutes 1n the lower frequency range
Produced sustamned nises in blood pressure and heart rate At the hugher levels
of stmulation the rather large increases 1n blood pressure were not always
Mantained

When perfusion pressure equaled systemic pressure muscle blood flow was
Lade changed as blood pressure rose duning sinus nenve stunulation Thus the
“hange 10 resiancen resting muscle essentially counterbalanced the bicod pres-
e 1ise 50 that blood flow was constant (Fig 1) After sumulation of the sinus
Derve was withdrawn there s as a prompt and strikang increase n muscle blood
S which appeared to be related to the 1ntensity of the previous response The
“reased muscle blood flow often persisted for more than 60 seconds

When muscle pect pressure s as d constant muscle blood flow
“reased duning sinus nerve sumulanon ndicating an inerease i ntra
‘aseular tension and resistance At the higher frequences especially the de
Tease1n musele blgod flow was not mamtamed and soon gave way to gradually
\"eanng oy despite continued snmulation (Fig 6) When the stmulus v as
m*ldmm there ¥ as a striking ncrease m muscle blood flow abose the control

The effects of suus nene ! on the fi lyzed d
}:m"‘pdy (F1ig 1) After a lag no more than 3 to 5 seconds blood pressure
@rt rate ang when perfusion pressure v as held constant muscle blood flow



I
&
®

TRALAS LD LT 2

LY
v

t
EORER A A Mg

hoo&
\

.
\

FERENT MBI IML M L ARy

T rrre PR P
TS R G e T I et
g 1 o~

Fgt e L Tk TSI Sl S G0 AT W O DI G O aders” UL
Stasafl 207 stun, oF DA,
L 2 CauT o2 0 AT e LAnRE AN I A o LT

w

{

\

A

£

N
VRULERT BRI Hepw b
B

FER KR AN A £ Vpu
)
A}

X

- X 37 i -
g £ Gange n we acler st aalt o s o AT

Sttt latnn,

Eq o ofaelr e qurng i e a8 A7
o U a0 R Can T Tser et et RS bt 3~ Dfeears 1

TOME $ait 1 es bl sage 0 stens

ot et
T ettt (o L Tk VAT

Tie sl T5RNAMr 1708 GF Seflon Dl JTESLIT WA S S5
ITLESCR Sl st U 1 T g 3l e qpmes e 1 DO ¥ m_'n::wf'
CHATIEES 15 ™o 1 Tl Bl iT T e €E TGO T TR ua B 7 0
Lo SLOTTUSL ¢ watgr Gserven. 2 TE T e e o S5 SIS .u:ﬂS:
TIEUSTAUL e B L TES B w0 SOUD & STTL Dl SLSRENT SIS mrf:;
gy smamlorn 8 ermer LS i Feum e T2 K Sled .:x:itt—-c =
ATERTT AL LR T SL st s tmtulenen oF WY m.,:c__.A_.m.u.:

Momam m LR LT al Lo ELETATS TEASLUED MEETEE e T ;ﬂl‘i’
L= CTCES AT ATAC. TTUR e et A OF e:.:zx:z:uu’:-::?
Dtuanss U ZOSESS AETE T “LETIL | Swrh e Ton RS 8 57 ¥ 2>



SINLS NERVE STIMULATION 441
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PRESSURE
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e 100}
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2
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gﬂi}r & System c p essure and mascl blood flo
B _uus  erve sumulat on v thcon tant mus TINE
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l;nt-:c-\mﬂ Elood flow decln pecpt usly D;i STIMULATION

Wi w s pot mawntain d e continu
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005 mec d aton

but are not included wn the graphs because measurement of such small changes
s of hmited accuracy

Constant sumulation for as long as fis e muanutes 1n the lower frequency range
Praduced sustained nses m blood pressure and heart rate At the jugher levels
of stunulation the rather large mcreases 1n blood presure were not always
Mamtaned

When perfusion pres.ure equaled systemuic pressure muscle blood flow was
lege changed as blood pressure rose durmng sinus nenesumulation Thus the
thange n ressstance in ve: ung 1 i bal i the blood pres
Sure e so that blood flow was constant (Fig 1) After sumulation of the smus
Terve was withdrawn there was a prompt and striking increase i muscle blood
fow which appeared to be related to the intensity of the previous response The
In@reased muscle blood flow often persisted for more than 60 seconds

When muscle perfusion pressure was mawmitaned constant, muscle blood flow

tereased dunng sinus nerve sumulation dicating an wmcrease sn intra
‘\astular tension and resistance At the higher frequencies especially the de
ease i muscle blood flow was not mantaned and soon gave ay to gradually
I8ereaung flow despite conunued sumulaton (Fig 6) When the stumulus was
;:\dxdraun there was a strilang ncrease a muscle blood flav above the control

<L

The effects of unus nene L on the fi Iyzed occurred
Pompily (Fig 1) After a lag no more than 3 to 5 seconds blood pressure
b rate and \ hea perfusion pressure was held constant muscle blood fow
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changed 1n parallel unul peak values were reached Maxmum change usually

developed within 30 seconds of continued sumulation When sinus nemve

stimulauon was stopped the parameters rather promptly rewumed toward the

control lesel Delay 1 returming to the control value was not prolonged by
g the freq y of 1

Discussion

The present study has demonstrated that 1 the cat anesthetized vath chlor-
alose bulateral sumulation of the sinus nerve with unpulses of low voliage and
shart duration 15 associated with a nse 1n blood pressure an mcrease 1n heart
rate and an increase w muscle vacular resistance directdy proportional 1o the

1 freq y S )2 of the sinus nerve when other anesthenes
are used causes 2 fall 1n blood pressurc and a decrease 1 muscle vascular
due to barc it of sympatheue + dis

charge (FruM et af 1933; and 1t 1s apparent that the anesthetic chlralcse
plays an mmportant role 1n modif g the Tesults ob d Speaies diffe
are also a factor for sinus nene yields dey a3
chloralose anesthetized rabbit and dog (Mew et al 1949)

Nen ef al (1949) showed that 1n the cat chloralose depressed baroreceptor
funcuon both centrally and penpherally but concluded that the central
action was the major factor m producing the pressor response 1o Sus nerse
stmulation There 15 other evidence that the action of chloralose on the central
TerLous system 1s one of selectine depression Thus vos Eurer and Souzu::s
(1922} have shov n that chloralose depresses the direct effect of €O, on t T_
respiratory center but does not effect the respiratory fesponse to ’“—‘“;""("n"}
lobeline which acts by exatng the penpheral chemoceptors \hho:g u:h:
interpretation must await more defimtiv e information on the focus and m

sned n the
nusm of chloralose anesthesia the stumulus response c'un.c obta ot
of the ch respo:

i the

present work may an apps or
which 1 other preparations 1s masked by predomunance of barorecep
function

Several workers have demonstrated an increase 1 ;z;scu}li:ziugziﬂu::ﬁ
1 of the ch by hypoxia or chemucal su .

, creases

Scorr (1962 hase recently confirmed that muscle \Acuif N;‘ilﬂfg: N

followang hypoxic sumulauon of the caroud bodies 10 the b( o -

blood pressure and sascular resistance observed in the Tﬁgm'mandnla'd

are simlar to the effects following caroud body exatation yl A sl
weight to the interpretation that sinus nerve sumulation

anesthetized cat excites pnmanly chemoceptor pal]};uz)s ance obiaumed st

The frequency response curves for muscle vascular resis! 1992) o

ried by Forxow
sinus m:x:c lshumulalanarc similar to thost rt?l:n to muscle dircerts Both
\ e
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Folhow 5 and the present data show maxrnum responses at appronmately 20
€ycles per second Folkov s cunves however hase a greater slope in the lower
frequency range He found thatata frequency of 6-—8 cycles per second already
the constrictor response 3 as 80 % or more of maxunum With shmulation of
thesinus nerve in the present experments 80 ©, of maxmum muscle constrictor
esponse was not reached unnl an asverage frequency of 10 cycles per second
The same 15 also truc for the blood pressurc and heart rate changes

Several factors may have influenced the frequency response cunves mn the
Present experiments The unus nerves in the cat are quste small and the imtial
handling Tequired to set up the expermment may have mflicted some damage
and reduced sensitvity It 1s possible that a vasodiator may hase been released
The atumals were not adrenal d and an between a systemic

dil and the p to sinus nerve sumulation may have
occusted Tt should be pointed out hos ever that the curves dernved from
direct stumulation of the lumbar sympathetics represent selected data From a
Yarge number of expenmments a small group of preparations showing the most
active vasoconstriction were chosen to plot the cune The present data 1s
entirely unselected and rep all the d

The increase 1n muscle blood fow following cessation of sinus nerve sumui
aton despite mantenance of blood pressure at control lesels (Fig 1) suggests
that 2 dul d during the 1 It 15 unhkely that this
dlator was released from muscle since blood flow v as maintamned during the
Pressure rise and the imb remained at rest without muscle fasiculations \uscle
blood flow feli only 1 those experiments 1 which pesfusion pressure to muscle
was artificially held constant dunng the sinus nerve stumulation Under this.
speaial locally acc vasodil doubtedly wasa factor
m the nability of the muscle to maintan 1ts vasoconstricton

The effect of chemoceptor sumulation on heart rate 1 vanable In the dog
under controlled venulatron the response i1s cardioinlubitory and may be
Teversed by atropine or section of the cervical vagosympathetic trunks In the
dog with 1 1 of the carotid bodies causes ac
celeration {Davy and Scotrr 1958 1962) In the cat N (1926) was unable
to demonstrate any change n the tachy cardia of systemic anox:a despite vary g
OXygen tenston in the carotd body perfusate Sumulation of the carotd body
directly with cyanmide caused an increase 1 heart rate (LANDGREY and NfiL
1952)

The increase in heart rate obsened dunng sinus nenve samulauon in the
Present expeniment may reflect both a direct neurogenic effect and catechol
discharge from the adrenal medulla The response oceurred within seconds of

ph of sumulus I diately after the L was withd the
Fate yeturned to the control level A maximum response at 1620 cycles ts
similar to that obtaned by sumulatung the thoracic sympatheuc to the heart
directly (Fonow of al 1996) The increase 1n heart rate 1s of interest 1n view
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of the observauons of New (1926) but 1s 1n accord with the experience of
Dars and Scorr (1928 1962) when they divided the vagosympathetic trunk.

The m freqs y of resp observed in the present studv 1s 1n ac
cord with the data of voN Luter Litestraxs and ZoTrzasan (1940) who
studied the chemoceptor fibers directly They esumated that the masumum
frequency of discharge for a single fiber to be not greater than 10 per second
under physiological condtions (16 4 9, O, and 4 6 ), CO, 1n the snspired air)
Injectious of lobeline, almost certamnly providing a supramaxmal stmulus
gave nise to frequencies as fugh as 30 per second That the chunoreceptor fibers
are houted in thewr discharge frequency 15 reasonable in view of ther small
size less than 5 mucron m diameter (Drcastro 1951)

Frequency response data from the chemoceptor fibers of the sinus nerve
when correlated with sumlar data from the sympathetic vasoconstnictor fibers
provide indirect information on the function of the central nervous system
Pressor reflexes are mediated through the sympathetic vasoconstrctor fibers
(BerNTHAL et al. 1940) and depend upon the integnity of the medulla oblongata
(ALexa~DER 1946) The quesuon may be posed whether the vasoconstnetor
<enter 11 the medulla functions as a relay stanon or amplifies or reduces the
frequency of afferent sumuh The similarity between the stimulus response
curves for resistance chapge m muscle demved from disect sympatheuc vaso-
constrictor fation al’]d those b d &Dm ! of the sinus nerve
1 the chloralose anesthetized cat suggeststhat the vasoconstrictor center provides
a1l 1 relay between nflow of afferent stumult from the receptor arcas anld
outflow to the sympathenc fibers In thus regard it s of 1nterest that Prers of ai
(1941) found a lhnear relationstip between the frequency of h)l""-b‘;!‘m“c
stumulation and cervical sympathetic discharge 1n a ratio of 27 1 an t}lsx‘v‘;gc
gested that the medulla was the site at which the frequency of the sympatie

fibers was hmited (Prrrs and Brovk 1942)
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of the observauions of Neiw (1926) but 15 1n accord with the expenence of
Davy and Scorr (1908, 1962) when they divided the vagosympathetic trunk

The maximum frequency of response observed in the present study s i ac
<ord with the data of von Lurer, Litjestranp and Zotrsrman (1940) who
studied the chemoceptor fibers directly They esumated that the maximum
frequency of discharge for a single fiber to be not greater than 10 per second
under physiologrcal conditions (16 4 %, O, and 4 6 %, CO,1n the inspired air)
Injections of lobeline almost certanly providing a supramaximal stmulus
gave mise to frequencies as fugh as 30 per second That the chemoreceptor fibers
are hruted in their discharge frequency 1s reasonable 1n view of ther small
size less than 5 micron in diameter (Drcastro 1951)

Frequency response data from the chemoceptor fibers of the sinus nere
when correlated with similar data from the sympatheuc vasoconstnctor nibers
provide sndirect information on the function of the central nenvous system
Pressor reflexes are mediated through the sympathetic vasoconstrictor fibers
{BerNTHAL #f o 1945) and depend upon the integnty of the medulla oblongata
(Arexanper 1946) The guestion may be posed whether the vasoconstrictor
center 1 the medulla functions as a relay station or amphifies or reduces the
frequency of afferent stumuli The simulanty betwesn the sumulus response
curves for resistance change 1n muscle denved from dizect sympathetic vaso-
constrctor 1 and those obtamned from 1 of the sinus nene
i the chloralose anesthetized cat suggests that the vasoconstrictar center roy wdes
a1 1 relay between wflow of afferent nmuh from the receptor arcas and
outflow to the sympathetc fibers In this regard it 1s of 1nterest that Prers et ol
{1941) found a lincar relatonship between the frequency of hypothalamic

) and cervical h discharge 1 4 rano of 25 1 and sug
gested that the medulla was the sue at which the frequency of the sympathetic
fibers was limited {Prrrs and Brons 1942)
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In a previous paper a method as descnibed for corrdau\c studles
of EEC and blood bram bamer ph under d
separate effects on either one or the other parameter (FLODVARK and S'rsxx
Wwart 1962) Thus i was possible to induce alteration of barrier functions
without concormtant anfluence on the ncuronal actinity as reflected in the
EEG The idea was that suitable nosous gents apphed from mside the
cerebral vessels via the caroud artery under specal control measures could
exert thewr effect prunanly on  barnier  structures interposed between blood
and neurons Theoretrcally if a barmer leston 15 shght and reversible no
significant EFG changes will occur On the other hand  persistent barner
dysfunction would be eapected to produce progressive disturbances of the meta
bobic mibeu of the neurons and eventually nterfere with thetr electrical
SCll\ll)

The last mentroned alternative 1s analyzed in the present study the aim of
which has been to brng about a persistent barnerlesion and follow stssnfluence on
the EEG As a barmer damaging agent mercuric dichlonde was chosen Ac
cording to StemvwALL (1961) the mercunc 100 even 1n very low concentrations
mjures the blood bram barner presumably by a poorly reversible action on
ussue components essential for th
The barner function studied 1s that lndering the passage from the blood mto
the bram of \anous organic acids including acid dyes

of barrier

Methods

The ¢ perim ntal proc dures v re fully described 1 @ pr v ous paper (Frobyars
aed Sy any 19625 and wil (nly be unmanly outhined b re Adult rabbts in
urtttan  anestbesia v ere used EEG  as onunuou Iy écorded by means of ntraos
seatty applied s 1 er or plat nura plated clectrodes conne ted 1o an 8-channel t an 1 tor
1zed hat er EEC machip Th me cunc d hlor de olut ons 1 concent attons of 0 01
—~00% M erc apphied  thin1t  t esof on h msphe for about half a runute
vathe p lat ral nt mal carot d arter with apul onofth blood dur ng the1ye t on
Visually controll d through a § ephm open § Th mer w Is  r freshly prep redas
app ox matel 1 ot me and n utral solut ons a ph s ological saline

The barr: r function  as tested durtng th run of th ©\p ment by ntra erous
adrmunuistr ton of utabl © gan ds no m lly unable to pass f om blood to b ain
butfound to awe EEG hangesaft n asion th oughadefect chamer s Gosserre
{1956, Fropwars a d STF vt ALt (1082) Fo such nd cation persclin G U olon
(sodun act ot or bromcresol green e d Th doses fper kg body we ght)
W“ee of t odr 0001—0035g pn alln 3 g Lrokon 01—07 g bromer of
Ft o

Inorderto nd ateth x tercand atntofbare damag on i pection of the
removed b an (rvpan bl eor omeoth  cdd e as dmist edintra toulyn
all xpenm nts s aly afev muawtes b { e th  trmonaton Thed gre of stunmg
of the damaged egion  as ouglh estmuated as sl ght + medum - o | g
+

The du ation of the expe ment {1 th arotd nmjection varjed bety ven 30
and 5 hours



448 3 FLODMARR AND O STEINWALL

oo v

WJ\/\[\—\/‘\/\WJ\r\f\ﬂJ\mﬂ%h
AV s VAV IOV AWV LSV SO AN N

f;ﬁw/\/\r‘/w\fﬁ N AN N Ve
e d N P [N

RIBHT F o
/‘c\",.zjg\}f’\fn/-“ AN W?JVV\/\/VV\/\/‘/\—M\_
L‘W Fad v\.'.n/\f\/\(\/w/w'\(\_

LEFT F o
/D\——\’rw,/-———/\»\/—"-\/mwm/‘/v-
”\EEWJW"""“’WW! A S Vo R

LeFT 7 0
L e

E

I S e
RGAT F O

Fig 1 (a0 3 Table 1) £EC st fir{fl e arotidvy ton fOOImM HeCl wik pon

lanegus  pase ge Urough the stog ¢ I—100

A Control 1 co d (urethan an sthesia)

B Stage I Jut A[(tcrgthe end of the caratd wjection Jow wa es on the I &t (uagected)  de
arousal p tiern on the ght ade.

C Stage I TTC syminctes regasnod: G 3 sun afier HgCl soyection (ecbum slecp) €2
about 1 bour later (i,btsl_ p)

D B T e Dbt B g tero ot o thelelts ) D afier bowc2hows B¢
the end of th experyment (about } hour after

(F—Q ' b polar frontosoce pia) leads)

Results

ng the
Effects on the blood bramn barrier according to the dye fest The data conceriang

carotid mjection of mercuric dichlonde and the results of the d‘y_c mlces!l: Er(;
summanized 1 Table I together with a schemanc denotation O i
course The blood brain barner damage was mdcated 3s c‘\frasa.::;';umm
dyc i the left hemisphere which had been perfused v ath the mt:rg.ucn g
Three 1abbits showing neither stamning nor EEG changes have be e
In a few ammals the narrow mediat strp of the nght hcmﬁpl‘m‘hu e ncted
by the comimon antersor cerebral trunk 4 as alsoswmed howeser e the
involsement of the control hemssphere did not interfere printipaliy
EEG obsennauons duning the experuments I
The left hemsphere showed sometmes macroscopic 5 cﬂmi nnlic 2;;‘;{;2 or
was also obsenved that mntravenous administration of h)ﬁc“nsxem LB
urea could exert an anti-oedematous effect as Judgec:l b: n;la i
provement. Ths aspect however was not systematcally y
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T Ble I Dala concernin the carotidally wnje ted nerunal the bamier dama ¢ indicato
and the EEG course

Ep |In e td HgCl Indicator  |Left sud | TEG course Rema ks
o, dye ed ex
Gane. [Amount] Applic. i asa | St ge
fmM)i(ml) | um t onof
(sec) dye 1 n |m
ilooe 1 1 |Trypanblue| +++ | + | ~ | — | Spontancous
2 |oot 7 27 |Toypoble|l ~~+ | + | ~ | ~ [ EEG ouneth wh
3feo3} 0 ¢ |Topmblef —+ [+ | ~ | = | tgesIII{sce
41003 8 30 Trypan blu - -+ + ~ ltext) Yo c¢hat n
o0ta| 16 | 3> |Trypanblue| =+ | + | — | ~ |EEG a auon f
ter  pontaneous
passage mto t ge
111
6loois] 8| 24 |Trypable| +— + |+ |EEG e tonm
ilooms| 19| 25 lreypavtu] ~+ | - | = | + | tgcllposidly
oo 6 3> Bomaesol | =+ | - | = | + | meferng ath
green later EEG course
9003 71 10 |1 omeresat |~ | - | = EEG t atenm
green t g 10 persist nt
wiens| n 45 |Bromaesol | —~+ | ~ | — and obscunng th
green I ter EEG course
Wlom | 8| 40 [Bromoeol | + |~} —
green
121001 8 33 |Trypanblu | ++ | + | =
Bionsl 8| 30 |Typamblue| + |~} -~
M {008 [ 1946 | 1741 | Trypan blu + =~ |-
Llow | gl 30 [Trypanbie| () | = | = | — | E ponments
6 1oo16| 1, 30 |Trvpanblu | + ~ | — | — | termunated w thin
71oo | 5| 30 |Pronasl I e e
— solubil

Effects on the EEG Before the carotid injection control records with practically
Smmetnical patters and arousal responscs to pain sumuli \ ere obtained
Small differences 1n plitude were tol d 1f the freq patterns \ ere
umila on the nght and left sides
E}?&mng the course of most experiments 3 stages could be recognized 1n the

&fi': l’ I which occurred 1n connection with the caroud jection  started

dee 0-—"0 scc and 1 as characterized by marked asymmetry ovg t0 a
eased frequency and depressed amphtude on the wjected (left) side The

E:l:;a" Was pnnapally the same as that seen on 1njechion of physiological

(pr: (FLobsark and STervwALL 1962) although lasting somewhat longer
9 2 7un) 10 some of the present experuments
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A Lonucl ecord aumost symmetnacal patiers {41 ghitly Jow r ”P‘“&‘d‘)’ o nifﬂg(j
B Stagel maldl 1t 5 ded ampls dcdrprmonddwglh’am& 27 mm afier th ca td
€ Sure I pract cally symmetr cal p tter £ med. (C1 5mun r

et N
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tmjecied abo 130w fie HpCl Ppplcation) D1 medium 1 fxg;drd LEG changes.
E Iwohousslate E dentaitho h not compl 1 mma)olﬁ‘c e E.
F Left 1ded LEG d teno anon 1n th termunal st § about [ boar
b polar 16 o-0cep ta) leads

These EFG changes then typically res crted (o an almo tsy m‘;ac;n‘i«;x:)r;uczr:
essentually like the control Ttus sta,e /f could persist for more ;:nmd il
but in some expenments where the dyr test mndicated a p;m:q o
damage the persod of symmetry was considerably shortene

few miouns



BLOOD BRAIN BARRIER 4al

LEFY 1a0a¥
A
WNWMIV\/WWMV\AWNW\,W

\EFT F o
WWVWV\\MMM
8
M AN WM A AN

LEF F b

A AV AN Y VN

CERLES
o

e AN ANAA AN A AR A A

RIGHT F O

| terr Fo

A ANAP e e P NAP A PNl AN A e

E

WM’\MWWW

Fg 3(ro 16 m Tabl 1) Indcat  fdare Hfuncts wih t ell&y ans f 1 x us
loadin wth odumact ot (L oko)
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Jmnafes  Lading thUr o w g II ma ked ampl tude dep e+ 5 nly on th
et
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Stage I was chara terized by duall: EEG ab 1 on
the affected side leading to marhed asymmetry Termunally the left side
record was often totally flattened

The spontancous passage thiough the three ELG stages tllustrated
m Fig 1 was obserned 1 5 ammals (nos 1—5 Table I) In 4 of these no
measures interfering 1 ath the EEG v ere undertaken after the caroud injection
untsl 4 e application of the dye testin stage 111 In the fifth experiment where
Urokon was snpected long afier the passage mito stage III 1t was observed that
cven 1 this stace the electrical actsaty could be reactivated as seen by the ap
Prarar ce of series of spihes on the left side

The control of the barrier state during the symmetncal stage II by means of
intravenous loadmg v1th acd compounds 1 as performed mn 9 expenments
{nos 6-—14) In all mstances the admunustration of pemathn G Urohon o
bromcresol green revealed a defective barrier in the left hemusphere 1n w!
the invading acd e ohed s gnuficant disturbances 1n the EEG vathun 1o
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The ab 1 d of 4 d frequency amphtude dep and
often intermutient sharp patentals In 3 expenments (nos 6—38) these actinating
effects showed an obvious regresaon and presumably did not interfere with
the subsequent development of the termunal stage 111 These events are 2l
lustrated 1n Fig 2 In 6 instances (nos 9— 14) the evohed changes pessisted untd
the end of the expeniment thus obscuring the  spontanecus  LEG course In
3 arumals (nos 15—17) the dysfunction of the barmer in tage IT was indicated
as left sided staiming when the dye was admumstered 1n this stage and the ex
periments terminated alreadv before the app of the gross al )
charactenzing the termunal stage In exp 16 the left ided barrier defect was
additionally demonstrated by means of a reversible EEG wfluence after intra
venous loading with Urohon (see Fig 3}

Comment

On analysis of the xesults obtained we are aware of that the EEG 1
but a summary mdiwcator of the metabolic state of the neurons and that the
barmer phenomena studied represent only a himuted aspect of the ntncate
machuery which regulates the blood brat exchange of matter Nevertheless the
wnterrelations between the two parameters as they were ob erved 1n the present
nvestipation offer a basis for some terpretations which m the following
will be delineated m regard to the 3 stages in the EEG course

The asymmetnical EEG pattern 1 stase [ appeaning during lh"‘ carotid
myection can for the most part be attnibuted to the anoxia at the blood ex
pulsion as previously discussed (FLobuara and STenm aur 1962) The :cndcl\cy{
taward prolongation of the effect as compared to that seen ont chc‘limn :l
physiofogical sabne mght Teflect a wansnent oreslatory wsuffiaeney due to
local vascular reactions to the mercunc solutions 11 and the

TIhe almost complete reversion to symmietry m the EEG 1w stage e EEG
often long duration of thus stage are the most ymportant findings The ™
normahization after the acute influences at the earotd wection iadicates ; l'} .
the action of the mercunal did not xmply any appreciable xmpmrmcn!:?j dcx’u
arculation and oxygen supply dunng stage I On the other hand 1115 ru o
that there was a dy funchion of the barmer 1n this EEG stage us dcm:;‘“‘sc o
by the umlsteral effects exeried by abnormally peaerauing m;g manly
compounds It 15 tempting to assume that the mercunc 10ns acted p o (of
waithin  barrier structures nterposed between the blood and the -u:urlwmlc:‘l
Dews 1953) The strong, affimty of heavy metal tons 10 certain cmh,hq
radicals 10 the uissue 1mplies a restrncted mobihity 23 well as a poor ‘}C\Czroduc
of the functional alteranons esoked These ewcumstances favout ';c D[S -
tion of a leson prmardy restcted to the barner for & long peno!

be the case in stage T1 od
© In the last stage (111) the detenorating dlectncal actaty :l:\:l!m 1‘{:;‘:5”;
side mught be the ‘ffect of a direct attach on the neurons ffom y
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mercuric rons According to the considerations above however 1f <cems more
plausible to assume that the alteration of the EEG reflects in tius instance the
g and )! bolic disturbances ansing from the barrier dys-
function per se
Further experiments are now m progress for mvesugation of the effect
of agents whose wmfluence on the blood brain barrier seems to be resersible
and based on other mechaustis of action than the mercurnc lesion
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litude d anc

The abnormalities d of decreased freq Y 1p P
often intermutient sharp potentials In 3 experuments (nos 6—8) these activating
effects showed an ohvious tegression and presumably did not interfere with
the subsequent development of the termunal stage III These events are al
fustyated 1n Fig 2 In 6 instances {nos 9— 14) the evoked changes per 1sted unn
the end of the experiment thus obscuring the spontaneous EEG coutse In
3 ammals {nos 15—~17) the dysfunction of the bamrier i stage IT was indicated
as left sided staming when the dye was admimstered 1 this stage and the ex

penments termunated already before the appearance of the gross abnorraliics
charactenizing the termnal stage In exp 16 the left sided barner defect was
additionally demonstrated by means of a reverable EEG influence after mtra

venous loading with Urohon (see Fig 3)

Commment

On analysis of the results obtamed we are aware of that the BEG 18
but a summary mdicator of the metabolic state of the neurons and that the
barner phenomena studied represent only 4 limited aspeet of the mincate
machinery which regulates the blood brain eachange of matter Nevertheless the
mterrelations between the two parameters as they were observed 1n the present
e tigation offer 4 basss for some interpretations which m the Pllowing
wilt be delineated m regard to the 3 stages m the BEG course

The asymmetncal EEG pattern 1 stage I appearing dunng the caroud
mjection can for the most part be atinbuted to the anoxia at the blood ex
pulsion as previously diseu sed {(FLobMARK and STEINWALL 1962) The tcndcnc)r
toward prolongation of the effect as compared to that een on :nJCC:;”":
physiological sahine might reflect a tranuent arculatory sufficiency due to
local vascular reactians to the mercuric solutions "

‘The almost complete reversion to symmetry 1n the
often long duration of this stage are the most important findings The Etig
normahization after the acute tnflucnces at the caroud mjection sadicates ¢ the
the action of the mercunial did not umply any nppr;c;ablc unpatraent of
crreulation and oxygen supply dunng stage II On the o
that there was a dy s(uncufm )(,)f the barner m this EEG stage as dcmo"i":::g
by the umlateral effects exexted by abmormally penetraung lem;manly'
compounds It 15 tempung to assume that the mercunc 1008 acted p e
within  barrier structures nterposed between the blood and the n:m;ncml
Disns 1953) The strong affiuty of heavy metal sons to certain ¢ ;s‘ iy
radicals 10 the ussue implies a restricted mobility aswell as a poor r:'»c roduc
of the funcuonal alterations evohed These arcumstances favour ;dc P s
won of a lesion primanly restricted to the barner for a long peroc as
to be the case i stage IT

In the last stage (II1) the detenorating electrical
side might be the effect of a dimect aniack on the neurons

LEG 1 stage IT and the

ther hand it 15 cvadent

1 actnvaty on the damaged
from slowly migratfg
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Pymiate ransamnase-deanudase actiirs m rat bver homogenates {MersTen
and Dowvey 196 COPENHAVER of of 1929) \spartic acd glutanuc aad and
vahne gt aad tra are d by d 1n
Eschenchia cols extracts (Hicks 1939} and a decrease in glutaguc-oxaloacetic
lransaminase nas ako found in the whole blood of patents Teceving sontazid
(Sus and \feremn 1938} In many msesugations hydrazndes have had no
effoct on tramsamunases 11 11 0 or 1 wto Actsation of transamunases has been
fuund howerer by some authors {Govnarp and \euyes Pmyrrov 1929
Banavira and Scann 1909) m experunents 1 ate \ery htle 1s known of the
Posstble actinauon of transaminases by hydrandes 2 o @ {Prevsenes of of
1960)
In prehmunary experiments « ¢ have found that alamne transamunase
Aty an lners of developing chuck embryos was markedly wicreased after
d 1 of malanude or bosazid  Lactare debydrogenase was
also shightly affected These resudts prompted us w study fusther the effect of
‘anous types of hydrazides and deovypyndowne on Iner alamne and aspartate
Uansamnases and on lactate debydsogenase in chick embrvos The Iner keto
acid content has also been determined 1n some expenments

“Materzal and Methods

The xpenmentat matenat cmplo rd was ferls ed eggs White Loghors obtaned
from 2 commerc al hat hers SamonnQ  Th eogs ere mcubated a1 33
(IS o

The follovang compounds used wm th scudy Serucarbazde b drochonda
{E. Mer L, Darmstads am noguandn  uiph t  The Bnush Daug Houses, Poolel
Bomazd Fluba \ G St Gallen ponazd phephat  Marshd F Hoffmann
La Roche & Co Bas! 1o 4 bo azd Marplan  F Hoffmann La Rache & Co
Basel) malamud ¢ N amud  Chaz PF er Go fn New 3 L oand 4. oxvpvndovme
hyd ochlond  Fluka A & % € len  Th vow dminst ed w02 per o e
sodnum chlonde to th  foroallan o m mt an of hu & embrio. at [yt th gy

of deselopment The onc § t awdw tha rqual amount 09 per cent sod um
chlo ML mbrio  on ape monalse e Liedatth sam ¢pe
Mier th Lilng of th mbro h | mo ed w ok dand mmed ately

bomoo mzed 010 tumspe  ght ¢ <MY tpe  ntsedum Blomde olut o
RhaPouer Flelymepe h mg 2 fh t mog aave o toedat— g ¢
ustlan {2 4

z m v d oo bbb U0 g mothads Al n grane
3munase FEC €| frm ! known as gf tan P74 tanamna  ward ¢
madacodngto Weo £ Sh A Caap It and th oulswer  anr ol &
Wagd n om m thod of Wroe w and Laour (4.6 Aspurtat ¢ an am nas
L 611 frm 1 ur 9 2 gl tam coxaloa b transaminase wasd 1 mined
3 odngaDl & 19 and th  oult w oatolird wngan nz m m thad
{SGOT Test Rochem a Lock ne Mnrh om L 4 b d ovenase (EC
THI%7T  asdiermned b th m thod [\ ropie satand Lance 13 §;

Repo  of th Comrmss Earwmes {4 § ma nall en IBochems ry fer
P o, Ocfa d 190
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Table I Bffect of malamude wocarbovacsd and devsytyrdosie o | or al mine and aspariats
éransaminases aid lactate def ydrogenase 1 chuck embryas

The enzyme act ates are expressed as umits per g of tissue wet we ght {muan £ 5 D)
Numb ¢ of cmbryos m parent escs, Dosage mrembnyo N alamde 15 Jmoles 1socarhosazid
3 fimoles deoxvpyndo ne 12 gmoles, Th cmbryos were Lilled at the 1/th day of de elop.
ment For the determur at ons fvers of tho embryos + cre poo!l d.

Treatment Ad Alanme Aspart ¢ Lactate

m mstr d hyd

tme

Beforc | yitmg | Change Ulmg  |Change| Uymg | Change

Lillung

(hours)
Cantrals {12) 40 22434 — | 18434 = 6434l -
Natamude (10) 10 4952931 + 23 | nsa73 | —nn {si1xa7) -7
Nialam de (12} 40 Merll | +180 | 92496 | —28 |59%cit| —8
Tsacarboxa 1d (10) |10 B6£27) + 3 | 125434) ~2 Jeo1a29) 2o
Jsoca box d (i0) (40 TIAEIL ] 4130 | 114493 | ~1 [64748a] Z 0
Deox pynidoxne (8) | 40 337£76) + 5 ) n7453] — 9 Jeieze0] — s

Dﬂoxj‘pyndoxuc\c) 0and10)| 449486( + 39 10£07] —14 | 568149 —12

P<00 P <001 P < 0001

Fnzyme actvities are presented a3 unuts per mg of ver tissue (wet weight) The ur ‘:s
are defined as follows One unt af alamnc or aspartate transamunase 1s defined as the
amount of act vity that results in the formation of | g of pyrmate m the assay s)skcr:
(W ponLEwsst and Caraun 1957 Dupacis 1927} One unit of lactate dehy dxo(,tnastl "
defined 25 tl e amount of activity that gnes 2 decresse of 0001 p r nunute 1 th
extction at 340 my (WrésLewskt and Lavue 1955)

The Leto aads \\I‘cr(e determned accord ng to De Scixeeer ef af (1958) a heto-
glutanc acid and pyrusic acd 1 ere scparated by paper chromatography

The statistical treatment of the results has been made usis £ Student s t test

Results

Lffect of Hydraudes and Deoxstyndoxane on Liver Transamnases and I::f,l(; ,_Il):
hydro enase s Chik Embryos — The effect n‘g m;lzn:;dz :'soiarboxazn and e
o doxine on Iner tr an clate y
a’:z’gryyts 1s presented i Table I In these expennments the dose of m:slnn:l:f:
was 15 umoles/cmbrio grven as a single imyection deoxypyridoxine » : of:\z(d
as one or two doses of 15 ymolesfembryo each ime  The dosage of socarb
was much smaller (3 jmolesfembryo) ov 1ng to 1ts poor solubxgtymr s

Aspartate {ransamunase actinaty was wgmficandy decrease \:11 S onthe
wanon of all these drugs whereas alanine xmmammascdaculh l)’mc whopscd
contrarv uignsficantly sncreased Both these effects inerease .:_;Ld gt e
after adnunistration  Nialamude and deoxypyndoxine decre.
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Table I Effect f varuous hydrazides and deospyrudoxine on d tev olan ne and aspa tase
transaminases and lastate delydro emas w chick emb 3o
Th enzyme acti ties are expressed s umts pe mg of tusu wet Tght (mean & S D

“umber of embryos in parentheses, Dosage 5 Gim les per embryo e ept soca boxazd 3
Hmoles. The embry s ere kalled at the 18th day [ dex [ pment

Treatment \d Alanine Aspa tat Lactate

munst 1 nsamumase 1 ansamun se dehydrovenase

time

befor | U mg [Change| U/mg | Chang | Uymg | Change

kllng

(b urs)
Cont 15 (1) 10 413228 — | 187213 —~ {e12z66 | —
Semic.rband (7) |40 445550 © 8 139411 | — 1 ]6:9492| +8

da (7)[40 677413 | + €4 132+101 — 4 [633+£42] -3

Nalamde (5) 40 80823 | + 95 | 123+77| —10 | 58666 —4
Tsoca borand (6) |40 9 4317 | 4130 | 1721 | —I> | 662472 | -8
Ypromand () 0 3120 | 4125 | 122471] —11 |6 o238 +7
Jsamuazd (6) 10 120414 | <10 | 101=25] —26 | 61026 | +5
Deo ypymdonne (6) | 40 nd10) 472220 | + 87 | 117220 | —1 60681 | —1

P<o0 P<om P<oOB

lactate dehyd actvity b d had no effect on lactate de
hydrogenase at the dose level used
The effect of vanous types of hydrazides and deoxypynd bt :!

F
@ Table 1 In these expertments the dose was cut down to 5 umoles per
embryo for all hydrazides except 1s0carboxazid (3 pmolesfembryo) De
Mypyndoxne 3 as gnen twice 5 pmolesfembryo each tme. Senucarbazide

d 1o effect on Lver A ! Iasud
Socarborazid 1promrazid 1somazid and deoxypyndoamne clearly increased the
anine transaminase activity and decreased the aspartate transammnase
2ctaty Tsonsazid was the most effectsve of these drugs At this dose level there
Were no consistent changes 1n liver lactate dehydrogenase activity

To study the effect of hydrazides as a function of me elapsed after thewr
ad T i and lamuide (> jfembryo) were gnen at
dtferent intervals before the d of The
Tesults are seen 1 Fig 1 The increase in alamne mransaminase activily 1s more
"0 after malarmde than after 1somazid On the contrary the decrease in
PaTtate transapunase 1s more rapid after 1somazd

Effect of Nualamds Isocarboxazid and Deoxspymidoxine on the Luer Feto dod

lenl i Chyck Embryos — The results are presented 1 Table ITT The deter
:zluauan of keto acds was made from the same livers from which the enzyme

WIS are presented in Table I Only negbgible amounts of other heto
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Tave L Ejet frmecruoe 2 erbuxcad ord coonspymionine n Juer el and u portes

trawiam. 63 & 3 lamst ahyere anse 1 tmk cmbryas

Th ezrvm adiaes e expresed 25 Lo per g of Loue wet wort (mean = S0,
oy of enbrios o peren htses Dusae per embno Nidamd 1 o0 ts vecarhonnd

3 fnde, deurypymdumor 1 #o w Th exbrvos woe Llld ot the 1ab day of dovel pe

zaent For the aotermonhons Ings of o eolmyos were o o

Treament Ad Alar.ne Asp.rtate Lacte.e
Tt | Trewsemanee transacnozse dind ogtzase
tm
befr 11 oz Cumge|lm, |Chasg {Uf=  |Ches
Luzg -
hours)

Cozarols 1) 49

Nolemude 19, 10

afzzmide 12, ~8 414=11

Liocaromend 110 {10 4 o=2

Teocarbomend (10; {4) 34=11

Desxrprndomne § |23 .3

Deamypvndouse 1 $02.d30] 429

PO P00 PC0W1

Enzvin acnanes zre prescreed 25 wons per mg of b o e (wet weghty Thw-*d:
u:d&da:uﬂm&%m:d@cmmwm&udtﬁmﬂm
anount of acran tha resuls m the formanon of 1 g of pyrinate s the assay Al
Twomie ¥ and Cararp 1457 Dreaca 1957 One uan of lactate d drogenase 38
demmed 25 the amount of acu v that znes a decrrase of 0051 pey munw £33
oIntln o 0 “Wro 1rwest zod Laote 19

mh:mmds?u determned acoorda~ to Dr Scamreex o o (198 aleo-
gmanc od znd prew 3 acd were d by paper caromengTa iy

Thr stentica] treamnen of he resalts has boen mad w.og Student s 11t

Results

Ejuct of Hpdrande and Deoxgpyndomnr on Laer Ta -
rior genast 1w Chuck En 13 5 —~ The effect of malazmde, wsocarbxand A.ngb&
oxpynduzine oo b er tansaminaces znd Lo d:h\dmnm»;cxr: "
enbrios 15 presented 1 Table L In these experments e s © fu—»’“s v
128 10 pmoles embry gnen as 2 sagle imyectin, dcux\?\ndnfm;, -
28 meortwodoses of 10 o les embrso cach time. T}wdn::'z; wsucarbax
s-zs much emzller (o gm les embnvo owing to its puar s 5 ~

Atpria.g GFROSTUDASE oCININ 1 o5 signticantds demcd»i’-ﬂ"j;‘:;:
rapon of < these drugs wheress alatane W;m: e

mirzr ammitzatly moezsed Brih these efects mcreased 13t D»J-“ P
& e alamide and desmprndaxine oecreased 213

scrapases erd Lacwe Dt

& ISR
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Effect of Nualamude on Lt er Alamne and ispartate Transaminases wn Rat — To
check the effect of malamide on hver 1 the rat two senes of
expenments were made In the first senes rats were mnjected intrapentoneally
vith malamide (70 umolesfkg) daily for two weeks 1 the second senes one
single njection (700 gmoles/hg) of nialamude was given per rat The ammals
were killed 24 hours after the last injection and the hver transamunase activities
were determined No change however was scen m the hver transaminase
actrvities in the expenimental groups when compared with controls

Discussion

The mech of the inht of pyridoxal phosphate d| !
by hydrazides cspecaally 1somazid has been widely discussed by many authors
1t has heen suggested that the mtubition by sontazid 15 due to competition be
tween pynidoxal and 1somazid for there s a structural resemblance between
these two substances and the infubition 1s reversed 1n many cases by pyndoxal
(30NEDA e al 1952 YonEpa and Asano 1953 Boowe and Woopwarn 19.3)
VITER e1 al (1904) and Daviso (196) have suggested that the inhibition of
these enzymes by hydrazmne dervatives 1s due to the formation of hydrazonic
compounds with pyridoxal According to Davisov (1956) a free hydrazine
group 1s needed for mnbiton m wtre because rpromazid with a substituted
terounal amno group was not effective I uize however anyatsspromaznd was
eff ctive and tius was apparently due to1ts conversion to free hydrazine

In the present experiments with developing chich embryos various hydrazine
demvaties decreased Iner aspartate transamunase activity 1 hereas a marked
ncrease was observed 1 liver alamne transamunase actity These effeets
lasted at least /0 hours 1n embryos treated wath nialamide or 1soniazid

Isoruazid v 1th a free hydrazine group had the greatest effect i these ex
periments When the effects of somazid and malanude which has a bound
hydrazine group are compared it can be seen (Iig 1) that somaznd decreased
more rapsdly the activity of i er aspartate tran ammpase whereas the increase
1 alamine transamunase © as more rapid after ntalamude

Luer lactate dehydrogenase activity was only shightly decreased by large
doses of hydrizides Guraan~ & al (1904) have reported simiar results using,
punfied 1 lactate dehydrog! and d Some increase
Iner Leto acid content 3 as also found 1n the present expeniments bur the
effect was trans tory Thus 18 1n agreement v 1th the results of Gex and I LeTscier
(1961) who found an increase n the pyruvic and lactc aad consent of rat
blood after treatment 1 1th 1promazid

In the experiments of Rosex (1929) vath B, vitamin deficient rats bott a
small decrease mn hiver aspaniate transaminase and a small increase in hiver
alanmine transanunase can be seen after with d and
Inthe presenty orh sumular but much more pro d changes v
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noted 1 the Iners of developing ciock embryo afier admimstrauon of b dr:
zdes. Tt s remarkable that the pyndoxine antrmetabalite deoxypyndoxsne by
the same actsaung effect on Iner alamne mansumumase 1n chick embryos a
hvdrazdes. The miubuory effect of deoxvpyndoxnire onr aspartate transaminas
has been noted 210 10 mouwse bver by Suarmo e gl (1923)

In our experuments the Iner transaminases were not affected by mualasuds
w1 normal rats It seems posble that developing embronal tissues are more
hable to the effects of brdrazdes and B, antagomsts then adult tisues Further
werk 15 needed to clanfy the mechanism of the contrastng effecis on alantwe
aspanta ¢ wansamunasts of hydrazides and deoxypyndosine.

We re roebied w F Hoffinann La Roche & Co for supphys g Marplaa 20d Menilid, a.d
20 Chaz. Przer & Co for Niamd
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Effect of Thyroxine on the Hydroxyprolne 1n
Rat Urine and Skin
By
bari 1 hvirmio Martrt hovusato Osst Larmnen and Marton Lie waa
Rece ed 7 October 1967

Abstract

Ravirikso h I M homtsao O Larmxex and M Lmssas
Effect fthyroxinz on the hydroxyprol ne wn at unne and shin Acta phys ol
scand 1963 57 162467 — The effect of L-thyroxue on the me
1abolism of collagen n rats v as studied by analyzing the urme for
free and total hydroxyproline In addition the hy droxyprolne af the
neutral salt and citrate soluble fracuons of the skn 1 as determuned
Both free and total hy droxyproline were equally 1ncreased 1n the ure
after the admimistrauon of L-thyroxine The increase was of the same

magmitude 1 two four and twel e months old rats although the basal
excretion  alues of hydronyproling + ere sigmficantly oy er 1 ‘h;
older rats The content of hydroxyproline i both peytral salt an
cutrate soluble fractions of the shin was sghtly decreased after the
admun stration of L-thyroane

Thyrord hormone has an inhibitory effect on the connectne tssuc (A':S“Otﬂc
Hansew 1958) \ost mrestigations on the mechamsm of this effect 1n :;,aB
changes 1n the bol of sulpk Jysacchandes (Motthe 192
WiaTEHOUSE and BostroM 1961) wh
1n the metabohsm of coflagen hanses

Hydroxyproline 1s a speafic amino acd for collagen Thcrc[orccl mnfa n
hvdroxyproline concentration have been used as an idacator of d mﬂac o
the metabolism of collagen In the present worh the effect of L—n;yr(o‘xmmu
the uninary excretion of frec and total hydroxypraline has bren stul ;f Liﬂ e
In additon the hydroxyproline content of the soluble fracuons of shin

determined 056
Tt 15 hnown that the urinary excreuon of hydroxy proline (Zxrrrld alli hlm;‘:
hovirikko and Liesstas 1928) and the tissue concentratons of ultra

creas lcssrxs Lnown of the possible changes
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hydroxyprohne (hosrLE and CuvariL 1962) and soluble collagen (ORrxmo-
vien 1953 Wirtscuarrer and Bewtrey 1962) decrease with age In addition
hormonal effects on the collagen metabolism may be dependent on the age of
the expenmental animals (Setit et al 1961) Therefore 1t seemed worthulile
to compare the effects of thyroxine on the urnary hydroxyprolne mn young
and old rats

Material and Methods

The experimental ammals v ere albino rats of Wistar stram In prelummary
ments 4 months old female rats were us d the later se 1cs were made vath 2 4 and 12
rooniks old male rats The animals v ere weighed at the beginming of the experiments
and after the unne collections They were fed ad b £ m+ 1th a commercial pelleted dict
(Hanklya Oy) fortified vith cheese and they were aly ays alloy ed free access to water
L-Thyroxine sod um (Oron Oy) v as mjected subcutancously suspended 1n 09 per
cent sodium chlonde The su_pensions contaned the de red amount 1 0 1 ml and were
made freshly daly In the prelminary expenments thyrod extract { Thyranon
Organon) was ijected sub ly 1 amounts ding to 10 g of org
1y bound 10dine In all experuments controls \ erc mjected \ th 01 ml of 09 per cent
sodium chlonde
Unne collections were made du ng a 14 hour per od the unne samples sere sto ed
at+ 2 under tolu ne Durmg the 14 hour ur ne collection period only \ ater was given
to the aumals In the calculauon of esults the values wer converted to ug per 24
bours An al quot was taken for the d term nation of free hyd oxyproline and another
aliquot vas hydralyzed with an equal amount of 12 N HCI for 3 hours at 124 G for
the determunation of total unnary hydroxyprolne after neutralization v th potass um
hydroxde
The neutral salt and at at soluble fractions of skan + ere p epared as follows for the
determination of hydroyproline After 9 daily mjections of 50 or 100 ug of L-thyroxine,
the anumals v ere halled A piece of the dorsal skin  as exc sed mmed ately after kulling
and » as freed from har and fasc 2 on an  c-cool d metal t ay The p ece of shin  as
then homogems  d n three olumes per v e ght of cold 0 45 M \aCl with Ultra Turrax
homogensz ¢ (Jank hunkel) Th amount of 045 M N Cl  as inc¢ cased from th 2
ml per g of tissue used by Gross (1958) to 3 ml per g of tissu  because thus made the
homog m1 aion aser th th Ultra Turrax homog n r The atraction as con
tinued fo 24 hours  th occas onal surmng whe  aft r e homogenate  as centnfuged
n the Sp nco mod | L pr parat c ultracentnfuge at 60 000 X g for 30 mun F om the
theclear upernatant I ml astahenforth determination of neutral salt solubl hydroxy
proline Th tesdu aft n utralsalt extraction as wp nded o tworolumesof 02 M
sodum ctrat pH 36 for 24 lours Aft centrfugauon at 60000 X g for 30 nun
! mlof it upernatant as taken fo the determunat on of at ate solubl hydroxy
prol ne The al quots from the n ut alsaltand tr t oluble fractions  ere hydrolyzed
\ th an equal amount of 12 N HCl at 138 C for 6 hours Aft n utrabization w th
sodium hyd oxid hyd oxyp olin  as d t rm ned from the samples S nce the y at
ont ntof th slan  as oot d t rmuned th 1yd oayp obn  alues obtamed per 1 ml
of n utal salt extra ¢ ould not be xa tly con et d 1o alues per g of Ussue (&
w ght) Th con rson of analysis alues to ug per g was made by muluply ng the
alue fo 1 ml neutral salt extract b 4 and the alu for 1 ml c trate soluble  ra £
by 2 Tls calculat on & ¢s about 10 pe cent toa hugh values for neutral salt soluble
tydro yproline but (  error 15 assumed to be th same 1w all samples.
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Table 1 Lnnary excrttion of free and to al hydroxyprotns 1 2 montheold vats The hyarogy-
Frolee values are expressed as yo per 24 fours (mean 3-8 D) the boly wesghts 1n grams

(rmean 4 § D}
Group ! Weight { Free ’ Total

hydraxy profine

[ I £ 1t 6444296 51418
Controls (7} I 160 13 6561217 510 & 161
| 16714 6261224 358k 7
o 150 £ 10 513+ 140 390+ 8
Thyroxne 50 42, dady (7) I 158 4 12 934 1475 79 4169
ul 13110 1097 4 432 210 189
¢ 1481 9 637& 92 M 6
Thyroun 100 g daily (7) 1 153412 9375269 | 181186
Iy 15414 NB2L66¢ 97416
P 005

Number of rats s lun braclets.
O=imtwlvalue 1 after § myect ons  IT — after & nyect ons.

{nadtieal methods Urinary ydroxyproline was d d in the prel o
perments by the method or?\xss {1949) and m the other senes by the mcz;ll of. Pnzf
XOP and Ubesemiess ( 1960) Uninary prolne was determined 1n the pre " n:guble
penmeats by the method of Trott. and Livnstey ( 1955) Hydroxypraline in the ed by
{ractions of the sk was d d by a slight mod; of the methed propos
Baviriano and Lie wsa 1959) '3
Statstical snalysis of Shc results + as carned out usmg Wilcorons (Sﬁl:’rlo r(‘!}‘:":“fn
d Lev 1953 for o unnary bydroxyproline \alues and Students t
hydroxy prohae v alyes

Results

mn

Ina prelminary senes thyroid extract ( Thyranon O(;gm:;\‘)“;:im
Jected daily into 10 female rats 1n amounts corresponding to 10 ug ¢ vas faund
ly bound sodine After 10 days treatment an increase of 114 per ccn(cnt e
an the free hydroxyproline content of unne but the proline w[:uhcr study
unine mcreascd only 29 per cent These results prompted us 10
on the effect of thyrosmne on the hydroxyproline nat

The effect of daily tyections of 50 and 100 ug of bd’wmniznud::c‘;nﬁo;y
fee and total hy drovy proline excretion 1n 2 months old mﬂlﬁ[ thl the weight
Table I These amounts of L, thyroxine were found to retard shig ﬁ,{;nc was
gan of the rats The excretion of bath free and total )x)dro”lﬁg were some
creased already after o wycctions and after 8 imjections the ‘x’la oups This 5
what higher stll Standrd deviations were rather hnghl n nrc ugz: 1 of Iy droxy
howerver partly due to sdw idual differences 1n the basal r"-;‘m hydsaxyprobine
proline For example 1n the control group the range of i
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Table I Urina y ex revion of f ec and total hyd oxppr lne 12 f and 12 eonths old rats ‘The
hpdroxyproline alues are xp es5 d as yig per 24 howrs (mean £ 8§ D) the body nerghts
gams (mean 2§ D)

kY Group Weght Fre Total
{months), hydoy hydeo y
prolne prol ne
+ | Contr s () ol 210419 { 4002106 | 34 £ %
Thyr e 20 ug daly (7) I} 202%16 | 4964168 | 303k 84
Thyroane 50 g daily (7) m 197£01 | 60£337 | 560133
01 279426 | 32tx 93] 28 55
v | comr s ) { 1| 285x32 | 2002 99| 23% 39
0] 280+£25 | 56k 76 ) 582 %
Thyrosie 50 pg dady () { T 262324 | 357139 | 3642 36

P<O0” PO
Number of r ts w thin b chet
O~ mtial ! IF = after 8 ngections.

Table JII The amount of hydrosspr hne in 0 #3 VI AaCl olubl o d trate luble fa tans
Stheskn f2m tholdrats Theraluwsace prsed aspug porg uctuan M flsu
frean 328 D ) Inth totisi cal tr atmert pooled values f the ¢ perumental groups ar

wompar d 1ith o t ol calue

Grotp N Cloluble C1r te sol ble
hyd o ypr ne Bhydroxypr hoe
Controts 919 = 138 (6) 335133 (7)
Thyvoxne 50 pg d | 1778 < 10 (7) j294 £ 14 (7)
Thyroune 100y daly 179+ 92 (6 {297 235 (7)

P00 P00
Smber £ swh b bt

exaetion 1n the three urine collections v as in one rat 32—42 (¢ and mw an

other 66-~87 ;g and the total hydroxyproline salues for the same rats had
sumlarly different ranges (2 0—380 yg and 480—633 ug re.pectncly} The
admunistration of L-thyroune wncreased howerver the excretion of hydroxy

proline both in raws v ath lugh and low basal excretion The amount of free
hydroxyproline + as abott 10— 15 per cent of the total hydroxyprobre n alf
groups and thus the admunistration of L-thyroxine did not change the rauo
of free hydroxvprohine to total b tine Estdently 50 ug of L-thyroxine
3 as sufficsent to give 3 maximum rosponse because doubling of the dose 1o
100 ; g did not further ncrease the excretion of hydraxyprole.

v
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The values for 4 and 12 months old male rats are gnen i Table I Al
though the basal excrenion of both free and total hydrotvproline was sigm
Seantly lower i these older groups than 1 the 2 months old rats no essential
difference 15 seen 1 the effect of L-thyroxne

A shght decrease in the content of peutral salt soluble and atrate soluble
collagens was observed in the shin of 2 months old male rats after administra
tion of L-thyroxne (Table 111) The same ammals had also been used for the
unne collecuons secorded i Table I Since there was no difference between
the two doses of L-thyroxine the values for both groups recenang Lbyroxine
were pooled for stausncal treatment

Discussion

In the present work, the unnary excreton of frec and total iy droxyprolne
increased after the admimstraton of thyroune. The mnerease was of the same
magmtude 1n all age groups although the basal excreton of both free and total
hydroxyprolne was sigmficantly fower n the older age groups This wnflucace
of age on the excretion of hydroxyproline 15 1 agrecment with earhec invesiga
tions \71FF ¢f af 1996 hrvirinno and Liesuas 1958 Loostent and Procaor
1961
Since hvdroxyproline 1s speafic for collagen unnary hydroxyprobine has

cen regarded as 2 measure of collagen metabolism LinpsTEDT and ProchaP
{1961} hase shown that 3 different hydroxyproline pools exist 2 young ”‘:
sugestng, the presence of rapidly metabolized forms of collagen In later “}W
Procror 1962) studied the correlanen of the speafic actwity of unnary &y c
droxyprobne and the speafic actwty of the soluble and insoluble calhgfr-ﬂlhﬁl
skn afier imjection of prohne C ¢ These results ndicated that P““dmec
soluble collagen 1s degarded rapudly to unnary hydroxyprolae 30
bohsm of insoluble collagen alo occurs wrsary

In the present work an attempt was made to cotrelate the changes I‘nxh on
hydroxvprolme with the changes in the soluble collagen fractions °l b? ol
A slight decrease 1 as found 10 the neutral salt soluble and curate SOl ‘; “
lagens In earbier investigations it has been shown that m)T“‘d“‘"m; ¢ con
mastration of thvroxine has no definite effcct on the total by droxypro : was
tent of the aortic « all 1 normal rabbuts (Lorenzex 1951 1962) et anusc
there any definue effect of thyroxne on the total hydroxyproliac ’”d’: i
shan although the hydroxvprolne content was ugmficantly I“Zi‘:_' i e (Dra
of thvrotrophin treated dv arf mice than in thyroxine treated db : e e had
sy et al 199) Also 1n the expermments of Gana et of (1961) U l)m‘mh o
no effect on the toral hydroxyproline content of bones it normal ‘m’a used by
though thyromne 1ahibited the increase an by droxyprolinc if :Y:d ppd
methylene aminoscetomstrle Qnq the other hand theam 5‘;;“: 1o the tensile
(1908) indicate that thyroxine has a defiste tnlubitory €ic

sength of healing wounds
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The decrease 1n soluble collagens obser ed 1n the present exXperiments as cg
related vath the increase 1o the unnary hydroay proline Suggests that thysosy

small and baged only on wet weight determmanans addinonal expertmen
are required to venfy these resuits Further work 15 1 Progress to study th
mechanism of the action of thyroxine on the metabolism of collagen
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Catecholamune Rel and Uptake 1n Isolated
Adrenergic Nerve Granules

By
U S von Eurer and F Lusuajho
Recevel 4 O sober 1962

Abstract

Evizr, U S + and F Lisuagso Catecholami £ release and uplake
tn ssolated ad encrgie nerte o, anules Acta physiol scand 1963 57
463—480 — Isolated storage granules from bo e spleaie nenes
1ncubated 1n neutral 1sotonsc k. phosphate gine off noradrenaline
at rates rap div with temp dreaaline 1 con
centrations of 10~20 pgjml i the mcubation flnd anfubits or
prevcats the release. The noradrenaline thus retamed 3 refuased
at the normal rate after removal of the amune wa the incubaton
fiwd After depletion the granules are able to take up noradrenslioe
and adrenalime to about the orzmal conteat when exposed ;fn: i
cholamunes 1n concentrations of 10—20 ug ml suggesting 2 .
storage capacity of the granules It s suggested that the nvﬂfrﬂ‘b‘hﬂl
1n the adrenergic nerve tergunals 15 panly present 18 2 rc::l Pd:t
avalable for mmediate selease dunng nerie simulaton anm m
a lovenng of the concentration 1 this pool causes the S"‘:d‘ C‘l"hc
gnve off the stored transmutter until an equiibnum 1 reach 1 b
following resynthess 1s assumed to conunue unt the free pool riy
reached a ec ncentration pres enting further release from the srﬂm:’ .
This concentration 15 about the same as that pormalfy foun
bov ne spleme nerves

In previous communcations (Euter and Lisiajno 1961 a byt lm‘}:c:“
shown that mtraaxonal granules isolated from bovine splenic nm’g g:dusc
their noradrenaline on incubation 1n neutral isotomc phusplw.md ) wz b
rate 15 very low at temperatures below + o C but increascs rapialy &

37
temperatures At 20 C the half decay time 15 about 20 min and af

about 2 min
Zum 60 Gebwrntag om Herm Profcsso A von “Muralt
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Expeniments ony adrenal medulfary granules have provided evidence for the
view that the decarboxy lation of dopa takes placen the cell sap while the follow
g step in the biosy nthesss of noradrenaline the 3 hy droylation of dopamune
1 dependent on the presence of granules (hirsaver 1929) Whether doparning
= taken up by the granules after its formation 1 the extragranular flind and

transformed to norad: line withn the g fes or whether the new Iy formed
voradrenaline 15 formed 1 the cytaplasm and then tohen up by the granules
s not known  \fethyl of drenahine sn ch flin cells seems to ake

placc1n the celf sap (Rarsiner and Goooars, 1957) but most of the adrenabne
formmed 1 found 1 the adrenal medullary granules (Hicare 1960) Certamn
ohsenvanons suggest that noradrenaline and adrenaline are bound to defferent
funds of granules which can be separated for nstance by gradient centnfugation
{Scamustany 1957 Eape 1928)

These findings and direct obsen ations (BerTLER ef al 196) Camissov and
Hitzare 1961} sndicate that the adrenal medullary granules can take up
catecholamines from the outside: and store them Assuming sumular properties
for the adrenergic nerve granules it might be especied that they have the
ability to tale up and store the natural neurotransmutter noradrenaline The
Present communication deals with the uptake of exogenous noradrenaline
Tt ako scemed of ynterest to study the speafitity of ths uptake by cuposng
the granules alwo to adrenaline

Methods

s materal fo these stud es granules obtamed from bovia splemc nerves s e
156d prepa o accord ag to 2 previously des mhed method (Evice 1958) essentually
085 sting 10 squeczing the desheathed nerves b o een offers at 9 © Th pess juce
¥as callecied together with the  ashing flud consisung of ce cold nentral 1sotomic
fotass um phosphate 510 ml fo | g nerve Larger wsu  part cles were remo ed
by centofupog the Lghty twrbd wpenson at 6 o8 G £ 10 mm at 6001 600
%z

Ta most ca e th fine granala suspens an makong up b suptmatant + as dire y
sed for the neubation expenm nis These ¢ e carmed out 3t temperatures of O
37 G naater bath and cacecholamumes as hvdrochlondes added as mndicated
8 the experm ats AR the ncubation penod the Suspens an § as centnfuged at
95 Cfor 30 cua 2 50000 x g he letely sed 3 al cateck
ontaming granules snto an almest olou less, sem translucent layer

\Rer de anting the upernatane th walls of th  entrifug tubes of plaste matenal
5 Sarelully w ped dry with filtes pape and ihe sedument extracted vith 1 ot 0 1
NHC Th addivon of 01 ml 5 per ¢ nt metaphosphon  acid allowed the formation,
fa floceul nt precptat sheh hn entnfuged for 10 mim ac 10000 % g gave
2 dear sup rarant This was used for quanttay ¢ fuonm §nc assay of noradeenal e
ad adrenatine accordsug to th techwgu of Eviz and Listagra (1951 )

In tome experim nts the granular suspens n was direedy cenmifvged the sedunent
Fesuspended n satomie neut at ke and the ficated
m

’ﬂ:te ::? Zﬁfi'écwech lamunes as o5t mated by subtra ungth amount contatned
M the eudual incubation fuid after od mentanon from the tota] amonnt
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the sedimented granule pellet The subtractable amount was taken as the difference
between the noradrenalme i the scdiments obtamned from suspensions 1 1th and v sthout
addition of the ammne 1 the cold and immediately centrfuged assuming that no uptake
would oceur dunng these conditions The net uptake 3 as also determined after sedi
X 1 fresh K phospl and The two methods

kave very sumlar results

Spont. release of drenaline from granules

As indicated m previous commumcations mcubation of bovine splenic nerve
granules 1 neutral 1sotomc ko phosphate solution causes & continuous rclca‘;c
of noradrenaline at a rate which depends on the temperature Between o
—5 C the release rate 1s low so that even after 5 hours the loss i \cryrsma
Tlus wcidentally makhes 1t possible to mantun granule suspensions ocr 0;1,
permmental purposes over many hours i the refgerator at 0—5 2 !
20 G the release rate 15 much ncreased about 80 per cent of the total :memn
of d lne 1n the les beng hiberated 1 2 hours foUomn% xao
eaponential course 1ig 1 also prescnts data from sumilar experiments Amrc
30and 37 C showng that the release rate increases steeply with “mpcr‘“) ot

The data show that the reaction constant sncreases greatly between U2 <
20 C and thereafter at a more moderate rate At @ G the reachion rmc(o
too slow to allow an accurate estimation of the reaction constant or ?n.L 5
—10) The Q,, value 1s about 15 between 10 and 20 In the mlglnur:ﬂy
—37 C Q15 still above 3 indicating that the reaction 1 not or ;(o) : i
of enzymatic character Whether the shght differcnces 1n Que for
and above 30 C are real or not cannot be stated with certanty

Incubation of nere storage granules in presence of noradrenafline S
0 n the
While bovine splenic nerve granules when incubated at 2 b

dreniling cont
ongnal suspension lose shightly over J0 per cent of their nor
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Fg 2 Condu ns as m Fg 1 Stnped
col mny bow relats ¢ amouni of o ad
renabn {\A) in sedment d gran Jet
aler meubat nat20 Cf 1930 60
and 120 mun. Empty columas st ows 1

1 ¢ smovans of N\ n granules st
acub u n fo_ e sam_tames wth N
&ﬂung(mx) Ordinate NA m mibtan

) )
73 conTRoLs [Ira wugimt

xis cam M
W0 e g A
[ T e g - =
PEKCcndnmumFgloomol 3 -
n o nalme (NA)  sedimentafic ! e -
1 05un noubat oo at?0 C Th ¢ ase a
we w5 deereased  hen A {3 10 and -
20 ugfml) 16 p csens m ancubaton & d » -~
Ordina 3 nsed mentan pt cenrof { ~
© gual amount Abscusa tm 2 WA . 4_?’,,,\?'3_..—“'“

in | hour thew whole content mav be cetamed if noradrenahne 15 added e
the suspension This s \Hustrated 1 Fig 2% tuch shous the usual rate of
spontaneous Liberation 10 the controls ncubated for 10--120 mun at 20 C
In the presence of 10 pgiml of noradrenaline S Iesel 1o the granules s man
tasned for a penod of 60 rmn In this and other expenments wath noradrenaline
added 1t has been observed that there 15 usually some foss afier 2 hours 1n
wbation using 10 pgymd of noradrenaline As seen Fig 3 no loss may be
encountered even after 2 hours when a higher noradrenaline level s matntaned
(20 ;giml) Fig 3 sho * the cffcct of noradrenaline concentrations of o
10and 20 :ghni dunng incubation for 2 houss at 20 € Under these conditions
the scdunent contasns conssderably 1igher amounts of noradrenaling after 2
houss than the control At 20 (g ml there 500 & fierence botwcen the ongisal
amount of noradrenaling and that found after 2 hours ncubaton 4 hich
normally bungs & € noradrenaline content 8 the sediment dos » to about 20
per cent of the ongmat W \th noradrenaline concentrations of 5 and 10 z 5yml
in the imcubaton flud the granules sull retam thesr content considerably betier
than the conwol

1 the ongnal suspensio? s used as sncubauon fhud i must be remembered
that this contans about I 48 noradrenahne per ml tepreseaung the

-
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+the sedunented granule pellet. The subtractable amount was tahen as the difference
betr cen the noradrenalme 1a the sedunents obtamed from suspensions with and without
addition of the amune 1 the cold and unmediately centrifuged, asumung that no uptake

would acur dunng these conditions The net uptabe + as 4lso determuined after sedt
m fresh K phosph and d) The two methods

gave very similar reults

Y release of Irenaline from granules

As ind dmp }: of bovine plenic fene
granules 1n neutral wsotonsc h phosphate solution causes a coptRuous release
of noradrenaline at a rate which depends on the teraperature- Between 0
—5 C the release rate 15 low 5o that even after 5 hours the Joss 1s very small
This isadentally makes 1t possible to mawmtain granule suspeasions for ci
perimental purposes over many hours m the refngorator at 0~ € :
20 C the release rate 15 much increased about 80 per cent of the total amO““n
of d i the granules beng Lberated 1n 2 hours follm\mg;‘o
exponential course Fig 1 also presents data from sumiar expenments at
30 and 37 C shovang that the release rate tncreases steeply with u:mpemm;':i
The data show that the reaction constant mcreases greatly bepween 02 -
20 C and thereafter at a more moderate rate At 0 C the reacuon ratc(o
too slow to allow an accurate estunation of the reaction constant of %"20
—10} The Qo value 15 about 15 ben een 10 and 20 In the fcg“’md)
~37 € Quo 1s still above 3 indicatng that the reaction 1 not o ngr mSO p
of enzymatic character Whether the shght differences in Qe for 20—
and above 30 € are real or not cannat be stated with cortainty

Incubation of ner-e storage granules iu presence of roradseealine
a0 20 Cm the

d
While bovne splenic nerve granules \ hen meubate! " nt
ongmnal suspension lose shightly over 40 per cent of their noradrenaline c0



CATECHOLAMINE RELEASE AND LPTARE 473

e )
N
#
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zud rcsuspcndcd xn { esh h phosphate Broken
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30 80 %0
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A shght net uptake was ob erved when depleted les were b
with noradrenaline 1020 pg/ml for 2 tours at O C both 1n the onginal

P and with P

In the p of noradrenaline 1n the b flud the les retain
their noradrenaline less effectniely at 37 G than at 20 C Dunng incubauon
with 10 pg/ml noradrenaline the content of the granules s higher after 10
mun at 37 G than in the control (61 per cent as compared to 31 per cent 1n
the control) but falls thereafter at almost the same rate as the control posstbly
depending on inactnvation of the amme After 10 mun with 20 pgfml nor
adrenaline the content 15 relatvely + ell mantained (8> per cent) but thea
falls rapidly It appears th that although the les react to nar
adrenahine 1n the ambient flud largely in the same \»ay at37 Casat20 C
the ability to heep up the intragranular noradrenaline lesel rapidly breaks
down 1n the system described

Spontancous release wn resuspended granules

After sedimentation and resuspension at 0 € usually a small loss of nor
adrenatme from the granules ¢ f the order of 10 per cent of the engmal amount
15 observed The spontantous release rae after resuspension usually does not
differ mateniatly from that in the ongma.l suspension over penods up to 2
hours O lly 1ath les 1t was observed that the
relcase rate followed the norma,l counc up to 1 hour but then slowed down

h the d was low m the 1n

cubation flurd In ot}wr experuments the release rate was uregular being slow
dunng a certain phasc and then normal again The uptake of noradrenabne
afier partal depletton v as low in these cases suggesting some functional
damage to the granules

43 shov - above (Fig 2) the noradrenabine content in granules 1s unchanged
after 3060 mn \ hen mcubaxed with noradrenaline 10 ug/ml a¢c 20 C 1
the onginal and ™ of such g \

60 mun mcubaunu 1n sotoruc A phosphate may occasionally m\ol\e a
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Fig 6 Uppermostlne ¢
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WLUBATION TIMF MIN of unincub ted contr L

what larger loss of drenaline than granules which are duately seds

mented and resuspended

Fig 2 shows that granules which have mamtaned thesr noradrenaline con
tent duning incubation at 20 G wath noradrenaline (10 pgfml) after re
suspension 1n 1sotonuc b phosphate release ther noradrenalne at the normal
Tate After the noradrenaline content had fallen to 68 per cent of the enginal
m 30 mun addinon of noradrenaline 10 yg/ml causes the granules to retamn
and even gam some noradrenahne dunng further wcubation at 20 C for
’50 min

Uptake of noradrenahnz 1n granules after depletion

In the previous descnbed expermments no direct evidence 4 as obtaned for
an actual uptake of noradrenaline at 20 C or higher temperatures snce the
results may be expl d by an whit of the sp Joss It therefure
appeared of wterest to study whether an actual uptake could take place af et
previous depletion In these expenments the deplenon was acluered by w
cubation for vanous tumes at 20 —30 C thus lowenng the noradrenaline
content of the granules to some 1530 per cent of the ongwmal amount o
adrenaline was then added to the suspension in varying amounts and 1
cubanon continued for vanous lengths of ume and at vamous t:mpcm;lu;‘cs

[he pet uptale was found to depend on the concentrauon of noradrenahing
m the mcubation fluid being marked at pH 7 0 with 20 pgyml noradrenalioc
whule 1t was considerably less with 5 and 10 ug/m! At 0 C an uptake dun:g
30—60 min could also be demonstrated although 1t was smaller When the

P was ¢ fuged diately afier addiuon of noradrenahne no
defirute uptale was obsenved

After dSpchmn for 4060 mm at 30 C and resuspension the uptake l“of
noradrenalne at 20 C for 60 mun from the incubatiun fuid mnumu:im‘
—20 pgyml vas usually small suggzesung that the granules after this treal

had altered some of therr properties
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ADR UPTAKE IN GRANULES INCUBAYION TME
9 30 8 50 12omN
T

Fg 7 Upper cut  adren hinem splen
¢ nene g anules bef re and afte neu
btat nnsoton K phosph ¢ pH 70
20 Cfo 30and 120 min a p ence
of drealine 10 pg ml Lowe s
ad nalioe w granules afte socub t n i
for 30 80 and 120 min At 940 man
add uon of d naline 10 pgml (2
perments) Odnat ad  lme m
aib trary un ts

Fig 6 shows the uptake after 90 mun depletion at 20 G wath noradrenaline
10 pg/ml at 20 C for 30 mun. After that no definnte further uptake was
observed A conmderable net uptahe at 20 C dunng 30 mun could be demon
strated even after sed and resusp oH g b with
noradrenaline

Uptake of adrenaline m ramules

Stnce the ongmal amount of adrenaline 15 usually quite small 1 bovine

spienic nerve preparations st appearcd possible to study the actual upiake of
drenaline i undepleted g les fed the g les which narmally

store novadrenahine are also capable of taling up adrenabine In these ex
hlorde 1 as added 1o the meubation fwd (sotone
N phosphate pH 70) 10 a final concentraton of 10 yg ml  Mier mcubatan
the granules were d and after lysed for noradrenal
and adrenaline accordweg to Eutkr and Lismagso (1961 c)

Fig 7 shon s the result of tho exp s s hich advenaline was added
at zero-tune and after 90 min  \s seen in the figuzre there 13 a conmderable
uptake 1 both mnstances » hile the contvol figures fall indicating a gradual
spontaneous loss at 20 C Continued mcubation for 90 mmn after the first
penod of 50 mm only shghily mcreases the uptake Even afier incubanon for
90 min without adrenaline subsequent addiuon of the amune causes a marhed
uptake The cxpenments clearly show that the granules are able to tale up
adrenaline wn amounts A hach are smular W the uptake of noradrenaline
depleted granules

Granules w hich retain their noradrenakine content by addition of noradrenalin
o the ncubauon fud (Fig 1) take up small amounts of adrenabne only
Ater partsal deplenion she granules are able (o take up both amunes (Fig
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Usually only a small net increase of the sum of the ammes over the ongial
amount of noradrenaline was observed suggesting that the amunes compets
for the avalable binding sites In fact the total ammne figures were almost
tdentical after 30 min ncubation with adrenaline alone and after 120 mn
wncubation with adrenaline and noradrenaline The relative amounts tahen
up appear to be a function of the concentrations of the amunes "

In other experiments granules were parually depleted by incubation at 20
G for 90 mun before addition of the amunes On mcubation wath thest 18
<concentrations of 10 pgfml an uptake was observed for both amues

Discussion
b d p results reg
) Line from nerse granules

rding e

The present have
tume course of the sp depl of s
The releasc rate increases steeply with temperature and 13 t‘luxt:faxsmlﬁlul
in contrast te the corresponding cvent in bovine adrenal medullary gran s
(HiLLare and Nusox 1954) dl

The high Qu, ralues above 10 between 0 and 20 € nducate that the
release process can hardly be enzymaucally controlled but rather sug!,ﬁl;‘h“
physico-chemical event of unknown kind Even between 20 and 37 [+ A:
Qi 13 above 3 and thus too hugh to be accounted for by enzyme acton »
to the actual binding and release h no defimte t’mmc
made so far The available data pornt 1n the direction of loose bindings °r’°b1¢
Jand posmbly to phospholipids which are knovn to bind amincs in IC\d‘Sl e
linkage The finding that neither d phenol nor ouab n
ufogl—-]()ﬂ ug/ml influence the release rate at 20 G also speaks aganst a7
acuse energy consumung releawe mechanism
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The uptake and binding 1s to some extent unspecific i that adrenaline
may be then up stored and released 1 a simular fashion to noradrenabine
Non spearfic uptahe has also been reported for adrenal medullary granules by
BERTLER ROSENGREN and ROSENGREN (1960) + ha found that these may store
small amounts of dopamune and even 5 hydroxytryptammne

The rate of uptakc 15 marledly dent upon the of the
amune 1 the At20 Ca of 10 ugjml of
noradrenaline scems to be the lower hmit at which the content of the granules
remains unchanged for a pertod of about I hour After longer pertods and at
hugher p the g 1 their drenaline less effi I
This may be due to less favourable conditions of viahility of the g‘ran\l]u
which apparently underga some lnd of agemng

The binding capaaty of the granules s not known but 1t seems that the
uptahe 15 generally small in undepleted granules at pH 70 Thus exposure
of granules 1o noradrenaline at 20 usually does not cause an absolute mcrease
of therr noradrenalhne content but only prevents the spontancous Joss On the
other hand some results indicate that the stores 1n the freshly prepared granules
are not filled to capaaty smce (I) an actual uptake has been ohserved at
0 C (when no depletron takes place) and (2) adrenaline s tahen up at a rate
which m 30 mun a1 20 C may exceed that of the loss of noradrenahne \ore
over incubation of les 10 the of both drenahine and adsena
hine causes n the first 30—~60 nun a moderate but definite increase of their
total amine content of the order of 10~20 per cent of the ongwial amount
2t pH 70

From the reported ¢xpentments it can be seen that even after extensne
deplevion the granules are able to take up amines to an extent approaching the

normal content These results suggest that the granules possess a hmused
number of storage sites which may be occupied by either adrenaline or nor
adrenabne (and possibly other amnes) Under normal conditions the storage
ability of granules from bovine spleruc nerves prepared with reasonable pre
cautions particularly adequate cooling may be regarded as uubzed to some

80—190 per cent judging from the supplementary uptahe capacity at pH 70

As shown 1n another paper (EU1ER and Listajho 1963) the rate of release
of the amines actually taken up by depleted granules does not seem to difier
from that of the undepleted granules

The signuficance of the abiity of the granules to retan ther amuae content
and to take up exogenous apunes afier depletion may be considered 1n con
rection vath the p 1 ! events of release duning nerve
sumulation It may be noted that the concentrations of noradrenaline alloy g
the granules to retamn their amine content 1s on the same order as that pre
sumably 1n the axopl. of ad, gic nenves  Analyas of the anune
content of bovine splenic nerves has shovn that the total amount of nor
adrenaline 13 about 1015 x8 g fresh nerve {Evzer 1949) Previous results
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have shown that about 70 per cent of the noradrenaline occurs m free form
and about 30 per cent 1n the granules prepared from the splenie nerves (Eurer
and Lisuajho 1961 4) It mught therefore be assumed that the free amune
occurs m the of app Iy 10 ugfml which has been found
eflective . preventing the loss of amme from granules which occurs at loner
ambient concentrations No data are available for the concentrations of free
and bound noradrenaling m the termual parts of the adrenergic netves
There 1s good evidence however that the total concentration of noradrenaline
1s much hgher than 1 the axons i the nerve trunk (EuLer 1961 HiLtare
1959 Favcw and Tore 1962) Assuming an equilibrium betwcen the granular
bound noradrenaline and the free pool the concentrauon an the latter may
have a simlar value as 1n the nenve trunk although the amount relative to
the bound noradrenaline 1n the granules may be much smaller As a working

hypothesis the h of tr refease and repls of the stores
may then be envisaged 1n the following way At the time of the nenve 1mpu1§c
the permeability of the terminal axon b 1 I

allowing some of the free amne present 1 the axon 1o diffuse out and reach
the receptors The enswing lowering of the amine concentration in the cyto-
plasm of the nerve termunal creates a condition during which the granules
are no longer able to retawn their contents which are gnenoffto the surrounding
axoplasm  thus repleting the diatel ble pool of The
partial depletion of the amune content of the granules on the other hand
leaves storage sites available for uptake Assuming that the release of nor
adrenaline from the granules triggers biosynthesis bv some as yet unknow;l
mechanism  the stores of the granules are refilled and the newly syathes :n
amune partally transferred to the free pool mamntaimng an cqu"“’t:” "
between free and bound amine Likey 1se st may he assumed that biosyo ‘2
comes to a stop when the granule stores are completely filled and th:d z:x
centration of the free pool has become high cnough to prevent further
from the granules (cf Scrarrer and Brown 1961) € makes
The rapid release and uptake of amines 1n 1solated granules at 37 o be
them cminently sustable as stores for the amine The possibility mixgbnum
considered that biosynthesis 15 regulated automatically by the cqu oppls
between the stores i the granules and the free pool thereby offering a ;“f o
for immediate use The rapdity of the replenishing process s borne e
the fact that the noradrenaline content of an organ 15 nearly mj-";’{’; nin
after prolonged sumulation of the adrenergic nerves (Euter and o ndes
BjoraMan 192) and that exhaustion of the transmutter docs not o<
rmal conditions (Luco and Gonr 1948) ot
m’[’hc demonstrauon of an uptake also of adrenalme calls for sar:;?‘fl’,“;‘;l:
It nught be assumed from this fact that storage granufes m:muun There
adrenahine if this amine 1s offered 1n a sufficiently ligh ;:OD:;C S asenshne
arc good reasons to believe that thus would actually be the
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and not drenahne were produced by the b. } process There 1s
no support for this assumption however The concentration of adrenalne in
the blood coming from other sources 1n the body would hardly reach concen
trations anywhere near those necessary in order to compete effectively with
noradrenaline for the granules and the free pool An adrenaline uptake might
occur however under certamn expenmental conditions for instance m a
depleted transmutter system f adrenalne 1s wyected wnravenously 1 large
quantiies In fact some observations seem to support such an assumption
Thus Burn and Raxp (1960) and RosEre and SepvaLL (1961) have obsersed
1 reserpimized cats that simulation of adrenergic nerves produces a temporary
effect after of ad hne as well as di )t Ths 1nd
an uptake and storage of cither amune presumably both i the free pool and
secondanly 1n the granules

This 15 also 1n agreement with the work of HERTIING and AxErroD (1961)
who found that tntated noradrenakne is taken up by organs and released upon
stmulation  An uptake was not found in organs after adrenergic nenve de
generation indicating that the uptake 1s 1n the nerve axons

The uptake of injected noradrenaline in dog hearts has been studied by
Weovanw and kaso (1961) They found that about 7o per cent of the cate
cholamines normally present 1 the homogenate were located 1 the high speed
centnfugation sed After of it 1 10 mg/Ag wntra
pcntoncally most of the catccholnmmcs were found 1n the supernatant No

tat was found between the noradrenaline con

tent i t.he control sed and after drepal g that
the uptake in granules was at most ery shight Esven a mimmal uptake “oqu
be d ble with rad ly labelled F however From

a quanutatne pomnt of view such an uptake would probably be of small
significance normally

S pported by a gr nt from th A Fo oz Offcc of S + nt fc Rescar h OAR thyo gh th
Pean Offce Aer p Rse h U tdSeates &1 F oo
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Intercostal ,-Motor Activaty
By

G Exmusp C vov Eutir and § Rurkowsar

The activity of 3 motor fibres has been dwectly recorded together with
a motor fibres from fine branches of the muscle nerie to the external inter
costal muscle 1 cats under hght butal b The of a
spihe to exther the @ or the 3 fibre group has been based on the method of
selectne blocking (MarriEws and Rusuvorti 1927) using 0 120/ kdocane
solution (B and D of Fig 1, When only one or two  fibres were present in
the nerve twig the spihes were dentfied by determunation of their conduc
tion veloctty from, a sumulus site on the ventral root

During spontaneous breathing, the activity of the ; fibres was exther rhyth
wuc with respiration {(Fig, 1 %, or steady (Fig 1 C) The rhythmic , discharge
appeared synchronously with the @ actvity (Crrrencow and Evier 1962)
The » discharge of both types could be modified frum spinal and supraspinal
lovels Both everatory and snhabitory effects were obsened The |, acuvary
+ as more readhly mfluenced from the shin than the @ actwaty (¢ f Fig 1 E)
Hypercapma hypoxa and asphyvaaa inereases the discharge i some y fibres
whereas hypen entilation decreases this actinity These effects are absent afier
lugh spaalizanon

Complete ¢ ranzanon did not abolsh the y duscharge that occurred n
pace with the ammal s ov n rhythm indicaung that these ; motoneurones
are rhythmcally actnvated from medullary swuctures  Dunng arufiosl
hyperventilanion and after high sp nahizanon  however rhythmic p dis
charge ofien appeared synchronously wath the respirasory pump i phase
esther 1 ath the mnflanon as 1 F of the Fig  or the deflaugn Tlus indicates
that rhythmic p actnvity may be drmen by spinal reflexes {Criraarow and
Ecper 1969)
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Fg 1 Elerentact 1y om thr ¢ d fic entnerve tw g fo exte nal intercostal muscle { Spon
ian ous breathng one’ o and on yfibre B The | tter select ly blocked by tdof u
€ Spontancous breath ng thoc  and on y-fibres yeo duct n veloc ty 25 my ¢c D
faue sclectt ely bloohsd Y4 docame 5 Single shocks to the fateral cuta eous b anch of th
sntercostal nerve of th sawe segment 5 supenimposed w ep  Reflex response only fr m il e
7fib ¢ F Artifical €.p auon Spnal cod cutat C Only one y-fbre conduct o loc 1
0 msec Not fiing Tn phase  th mAan n Lo er trac  1~D tdal ol m  pward
fevon wpiraton F ntrawa beal pessue  pw rd d flect n wmflt n

e

Mechanical sumulanon applied to the intercostal muscles of adjacent seg
ments caused excitatory or mhbitory changes 1 the j discharge Llectneat
sumulation of the ventral root of an adjacent segment acusated the p moio~
neurones Further sucainylchol ed ously in doscs of 0 5—
I mg/kg bodywt caused reflex activatron not only of the e motoneuroncs
(Henamscir 1962) but also of the 3 motoncurones These results sugscst that
INSPIRCTy  mctoneurones may be proprioceptely excited
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