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Prom the Innitote of Phrysiology Lnreersity of Uppmala, Uppaals, Sweden

An Analysis of the Current Voltage Relationship
1n Excitable Nitelln Cells

By
Torstex TromerL
Rectived 13 February 1961

Abstract

T omnr, T 4n eslrsts of the corrrmt-rodbeg rriatwnskp ix rwciiable Surlle
cells. Acta physiol scaod. 1961 5% 1—6. — Expeumants were por
Cu-mu!mccn:drh:&uhnmuan Milele umg unmhrma
of vaxrying
mmm\\mmhmnm m:ndy

proceme, arimng from presence of mambrune fixed charges, may play &
part m the exclability of Viile.

In recent yeans it bas become 10 ch 1re the prop-
uﬁudmlndmhumbym:mngth:changumlh:m
brane p } after of hyperpolaruing or dep ng currents,
Tbcmuhmmmﬂyp!oucdunmun mrﬂu}ungvdr-gc.Sm:hnm
rentxoltage  elationship » abo denoted  rechficanon curve”  becawse the
sopes 1o the curve define th  tusue (slope) conducmnce (Corr and Cimts
l%l)ﬂmmnlﬁndmguth;nh:rcmﬁnﬂmc\mrlndb&ulmrkzdm—
crease 1n cond: dunng & For the umgle nerve fiber it 1t well
¥nown that thee can be lnn.p-pucmc.bmgcbcmruungmndm
and spike conductance of the order of 1 200 The nature of this marked
change has bern dixcumed m vanous tenm a3 delayed rechfication ete.”
For a number of years the autbor hay attempted to amalyse the rechfication

1613013 dct phynel scand Vel 33
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Fig 1 A Awde el trangudar et waves o raning frequences. Fuk et
‘hp“.md:lﬁ M‘m;i“ hﬂ?l.lca n;lm v m:w”h'
diate Time bars repeesent 10 sce, PAP shows & propapated action potcsehl
Followmy the apu{mat *

. Curves 1a termm of an  electrobydroul ¢” theoty 10 which electro-osmosn has
& provament part (Teorell 1958 3, 19598, b ¢, 1960} In & paper by Troxeis
(1938 b) an attempt was made to investigate the rectificanion in a plant eell
(XNitella) in relanon 1o the dectrogemoss. The rendy indicated at beast
& formal vabdity of the clectrohydraulic hypothesls, Sinee then we have
Prrformed numerous mvestganom on drc Autells with »-arnom methods in
Otder to cf e the bl Lep y wseful we have
faund the applicanon of tnangular current waves of diferent rrtqu:nnu. With
very daw wave (of a frequency of the order of 0002 phy It was pasable tocb-
tajn a current voliage relatron curve, which waa smooth and almost without
bysterein and without any sppearsace of “acton potential reapomes (the
resulting plot 15 1n shape mmuiar to that marked @ n Fig 2b) In the mean-
time Foeray (1959) has publshed & current voltage relation for the Sddls,
which has a similar shape although withaut attempts to a closer analysbof 8
nature

Experiments on the aorontzsllags charactenstics of the Nurfle. The steady oate
method of unng depolansation snd hyperpolarsation currents as employed
by for instance FrvbLay  gives meager mformation about U ¢ posible wtrinae
nature of the resulung recufication curve. More mformaton could be ob-




CORRENT VOLTAOE RELATIONHTP IN YITELLA 3

E aomyr w0 o Eqp
Ty
— 0
Q-
aspa
Fg 2 1 Fg 2b
Ty 2 o A oarrentroloage reoord of Vikdle wich trtanghe wave of { = 0 010 p's. RP = resting
posentml (before addeon of MCl).

Fig 2b A recosstrucked camtarrolge relstion actording % the “clctrobydranlic - theory
$ee text for cxplamation.

tuned by matgabon of the zoateady state behaviour which reveals in
teresting detafhs of the dynamic propertes of the exatable system. Ve have
therefore  employed  tnangntar”  depalarkanon-hyperpalamapon  current
waves of a frequency which discloses othervise  hudden”™ imstability phenom-
cna.

Methods
The h techmque was the rame a3 described previoasty (Tro-
lmlgﬂah)'uhth:mvpum!.hnlhcqm‘ < grocrator was subsntutrd by &

b wave m s wancd m the range of 00023 ph 1o

SOP'I.Thcptlkcmmxvl]mlmJ—DJm‘l 05 macroamps correyponding to
current denaty of  bout 5 microampe. crn Ope current dectrode was placed in - pool
of pond water and snother In 0.1 M KCl, L the escntal changes olwerved took
place under the pood water dectrode

Results

A typscal result » depicted 1n Fig 1 and thows that potential spiles are
eliated at an termedate frequency range of about § = 0.01 p/s. The noo-
[inear voltage esponse o apecially evident at { = 0.0023 and 0.003 p/s. An
interesting feature 1 abw offered by the very hugh frequency resporse at 0.3
and 20 p 1, bowever these roml will not be discumsed 1 tha paper

The next step 1 the cxparmental analyss was to select the  dynammc”
= 001 conditon and by means of a X Y plottrr obtaln the current voltage
retatonshp Such a result b depscted 1n Fg 2 In this parncular cxpen
ment, however wme \aCQl wm added to the pond water 1 order to obtanan
outrde smiable for P with the th 1
amhyn o follow (0.02 maolarity of \aC was med) This has ako the added
advamage of making the cell more h d

or even

5



4 TORSTEN TEORXLL

finng The nature of this NaClatimul will be d {10 a forthcoming
paper The I E chamactenstic of Fg 2a is by no means a ungle cunve 1 ¢
it displays marked “hysteress  An abrupt change takes place dunng the de-
pelansation phase close 1o the resong potential a sudden 8 p over” & notced.
During the repolanuing return trace there 15 also & sudden brief transivon m
the voltage.

1 theoretical amalpsns of the dmamc cerrent-roltege relatwa, The following i~
terpretation of the observed events 1s based cxsentally on the ;ame concepts
emerging from the electro. tic memb 1L which were ued
already in the previow  square wave analyais” of the Viirlle (Teomerr 1958 b)
However an sddinonal procoss allowing for membrane leakage has been
added as described i the formalsm given by Troxecs (1959 ¢, 1960}

The nemirxel slxies way carmied out by the amloy computer technique sccording
to the principles described by Teomrar (1960) The roults arc obtamned directly &5
gmaph (& g Fig. 2b) The following numerical raluct were used In the
solution of the electroydraulic q s (bydrauli bility coeff-
Gent) w10 o (leakage coeffickent) = 1.6 1 (e ic bil ty coefliclent)
= 1.5 and farther cocflicients were sct as L = 40, ¢ = 0.03 and sn add tioaa! | g de-
crement of 10 umits was added to allow for the cffect on the water drag exerted by
the external salt. The remamung psrameters were cosctly the same ss described by
Teomxrr (1959 h, 19650) The machine frequency of the employed triangle wave was
0.3 pi& The rexlts obtained xre given In arbitrary machine units and the rero eurrent it
displaced to the orgm. The curves for constant ( clamped™) hydrostatc pressure
raarked P (dashed lines) s well as the steady stat rectificapon curve marked Q (dotted
Iine) were obtamed by appropnate machme operatons.

The th ! renedt 1 depicted in Fg 2b The dynamic path
(the sold ke with directrion arrows) clearly shows a marked mpoulanty wik
the expenmental Muelle result shown in Fig 2a The similanity appears to
be 50 clote 1n its epential features, that a detauled discumon of its sgnificancr
scems worth while

Discussuns ow the natare of the cerrent veltage charecimstie — In the clectro-
hydraulic exciiability theory the state bles are the by poten-
ual (E) the membrane current {1) and the hydrostatic presure difference tF)
acrom the excitable membrane. The presure factor nv the resultnt of the
superpasition of electrochemscal and dectro-osmatic driving forces (full dsaws-
sions are gnven by Teoxrrt 1939 b)

According to thn hypothens an action potentual or & continuow change 18
the polarimton state created by current flow should produce concomitant
changey in pressure (and water flow) A full presentation of the interrelanons
between these three  state bl lly obtauned Ly 8 three:

o most
dimennons!  phae ypace  representation. Such an / £ P representauon can
be found in another paper by the auther {196)) The two-dimemional
JE phase plot u-ccordmgiymmcuhmdcﬂamluudoanmimmcduldy
ceveal the 1nfluence of the pressure vanable, However in the g 21 some



CORCXT-¥DLT M RELATAGHIF I¥ XITETLA 5

steady state I-E graphs are ghen for & fow constant Pwvaloes (as dashed Ines)
Thew P clamped™ graphs should be wsmlized m planes parallel with the
page shern, 21 3 thond dimsennon perpendicolar to the paper plane. The two
Pctamps with P> 8 have & marked \abaped counc sod are of & 30 called
“dyratron” character (. Faaxx 1936 ForzHoan 1960) a concept ofien med
m modern peuruphyeology amalyyn of the "tazability”™ propertes of, for i~
stance, the nerve axon {cf. Serxoroctos and Tasacs 1960) It characternne
of the dynatroa-enrves that they have 4 nega slope m the intermediate part,
wineh mgnfier negatve condnctance. On the other fand, 1t = known from
osollanon theory that the pr of negacove d may leed to

phenomeny and oaciffations. A dloser analysas of the dynamie current
volrzage path m Fig 25 reveals that 5t exeonds in the diree dimensons (T the
fxure rhe brud verncal ey coanect the preweuts graphy wirh the
ponta of the path) The sudden tranmbions, or Sip overs, of the 1 E path be
long actmallv o the membility demams of mumerens dymatron curves. It can
atso be chown that the rpontaneoey, o mduced, srnon potennaly ean be de
scribed m teoms of 3 threedimenwonal saraton m the currenta oltage-pres-
ware pace.

It mav be added, that the computer analyss albw quite Gnbfully predicts
the frequency depenidence of the rangufar wave rexponses of the \uedle a1
prosented m Fig 1 In parvculac s abould be pouted out that the very low
freqoency & the weady state [ E response, 2t depected by the dareed kae
marked Qm Fix 2b » smilar w the one publithed by Frxorar and abo ob-
amed by ox

The d that the dy 1 Echarscternne o x projerton m
s d ! plase ctuned fom & tweed 1 I E-Papace, of
counse. doer not prove that the prevare vanable o of moporance m the fving
Vietle o). Bz m oanv case, the elecoobydramlic theoey bay been able
ot e hle and ding of the Sormalam of the observed phenormena,
m termy of well defined quannoes. In thw paper we have confined the discus-
vorey eourdly w a chenry based ou phvecal vare varmbies. The roalyss does

dare poemble relanons betwemn rhe phyncal events and thes membrane trans-
port phenomena,

The coms oo the equipment owd m thos work hare e definyrd by granor from The Swoduh
Medica! Rearsrch Cooncl. The Swerlih
Der-topanrt

Cancrr
Cowxomd Gran o AF €1 (05T363 which are grateflly acknowlede—d. —
mmmm@ummmhwmwum

.
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Though the dutribuuon and the fu | wngni of the xy Freth
cholinergic vasodllator nerves hl&'cbemmunhrwdwddudngrtca;zyam
there are stitl many details whuch are pooely understood The fact that they
are centrally controlled from the cortex and hypothalamus, but not engaged
in reflex blood pressure control, further that they are only distributed to the
veneh of the skeletal muscles, and, pomibly alyo to the coronary vemels, in
1clf suggests a functional P under where centrally
induced, prompt increases of biood supply to the muncles are needed. However
the functional significance of these centrally induced reaction patterns bt so
far not defioitely clear though recent data make it hughly probable that the
sympathete diater fibres play an mportant role in the so-called deferse
reacton (Asmasasg, Hittox and Zsrozvna 1960) — On the other hand
recent cxperiments (Hywaw of af. 1959 Roszrc and Uvwds 1960) have been
nterpreted as ind, g that the sympatt il fibres should open
up nomnutribonal vessels oc ‘shunts  so that the increased flow should m
fact bypass the musele capillanes and hence not serve the metabolsm of the
muscles directly This interpretason led to the suggestion (Uvaks 1960) that
the dilator fibres might be activated n corcumatances where the ammal rather
has to conserve its axygen resources. If sa, their functional dgnificance abould
be the very oppoute of thewr proposed engagement in the defense reacton,
wnzolar ae In the latter case It o8 rmplied that the dilator fibres are activated
with the ulumate purpase of increaxing the nutritional blood supply of the
muscles,

As 1n thu department a technique has been developed (Marraorx }960)
which under eertan ar allows & g itative snd refccuve ¢
cording of neurogenic and bormonal eflectx on bath the pee and pateapillary
resistance vemels and the capeaance vesely, 1t was thought of interest to

}nudywhﬂhcrtherympuhcucnmd.hwtﬁbrumdumbmd to all the
mentioned vascular sections or only to some of them, and then alo to which
extent this section of gections, can be snflusnced by the dilator fibrey Such
dats might shed further hght on the problem of the funcuonal pgmificance
of the sympathetse vasodidator fbres. The present rerult have previomnly been
bnefly outhined (Forxow 1939)

Moethod

The cxperiments ha  boen perfonmed oo eats koathetized with chiorslowe asd
wrethanc 10 amounts ot cxcerdmg S0 mg and 100 my per ky of bodyweaght, repec
thvely ~— With regard 0 mennrement of changos in blood fow and tlood  chume
2 metliod recently descnbed in w paper by \eizaoax (§960) was wed. T paper
should be comsulied for deuals concernrug technique and  pelysh of L recordoam
In prmciple the hind parts of the at were completcly woleted from the upper para
ufthemimﬂuubcbdo{zbrh:p,mxhunpdontauumlbcmfmard
e and the abdocunal sympathetic nervr trumbs, cootaining the great mapni¥
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of the vasomotor filwes runnig 0 the bolated hind perts. After remewal of the tntetne,
the inferior mosenteric artery was cannulaied 1o macamare the arterial Gaflow persuse

m the meseteric astery — [n thin woay phane changes off Wood fSow blood
volume, and, n certain alo of net Y fond exch L
duced, Sor exempic, by neree oc mjeetioos of vasonctive
oatinoouly whide ax the mume tme the drop scyom the
vawcular bed coukl be kepe In order o mindy the inflomnee of
the sympathete chlaror fitwes, ar coppared with thas of tntre-ancrally
acetykchobrne on the vaacubir sections of the hind parts, two different
procediores were waerd.
1 1In the fist serves the abdommmal trunks were cenmally cut and cane

woainly &t the bexght of sthe border between the fxrth sod 6fith humbar versebea, In
ten of theae the ks fibres were acutely bhocked br
given moan mirx anterbad wfoeon oo e hind pats, In B

experimenty the snimak bad been chromell depleted of eatechol amines by treating
them with reserpeoe (Serpaail T) abut gk, for 4 days before the actaal expere
sment. Thos, dect of the inal tromks m thes seves of
camed ¥n of e T dilator fibers, the vaxenlar effeet

by aoy of the B vaso-

conuncior fibeex. The stmmll wore delovered by Geaw somualarne at frequencies
vurying betwern 1—24cr,  voltage of +—8 snd & pole duraton of 3 mec. — Clokee

mice and & freqoency betmeen 090 s, were debvered fom  gumulazor Gess
et $ 4 €. Tu tee conwe of these experiments the nmpachetse dilator fibres of the
hund perty were blocked by wopme and i & few experiments xn ementhally regional
blork of the constrictor Sbres was mdoced by & dow Intra-arterad fnfision of difivdro-
ergotinin: Wit the biod perts.
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Results
V' Effects of stumexlation of the shéommnal smpathetsc tronks In these expenments
the asoconstrictor fibres had, as has been menuoned, either been blocked
by dibydroergotamine 1n the course of the expenment, or by reserpine given
to the anmmab during the preceding four days. Both types of experiments gave
exsennally amilar results, but the constrictor fibee block was throughout more
complete after reserpine treatment. This was made obwvious by the fact that
even 1 path 1 did not induce any vasocomstnction
whatsooever 1n mast of thoe expenments, when the dilator fibres had Leen
blocked by atropine Aficr dihydroergotamine on the other hand, a somenhat
delayed, mod wasoc P weay led under such arcum-
stances, indi that the v 1ctor fibres were not completely blocked
by this drug For such reasons the cxpeniments on the reserpene-treated anlmab
ntminwmcrupccubmnuudrw-dcwlcdmdphoruwdum'huuwd
the dilator fibres 1o the different comecutive vascular sections. Further they
provided the most clear—cut data concerning the extent of the dilator filxe




SYNPATHETIC VAIOOLLATOR FINRE DEFTRIRIMON il

efiect oa the muscle blood vesek, xy compated 15 the maxmal vavodilator
mpmxuﬂchmubcohmmdb)mmmau!m}wmdmdmﬂf
agents. Acetylcholine was med here, because, under other areun-
siances, we bane cheerved that the vasodilatation mduced by masnve musculay
work 3 of the same magritude as that obtsmed by big doses of acetvicholine
ansd, furthermore, soch 3 mammal exercis hyperacols cannot be further oo
creased by sddition of acetylcholine or other blood-borne vasodilator sgents.
Such olservations indicate that sceylebolme can be used for wdocng »
cmplmbhﬁhmdﬂhwtmmmmmm«mmlddsm
the flow resistance.
Fig 1 Mustrates past of & typical experment which from & technbesd pounrt
of view wes entirely ansfaciory and pecformed o a reserpme treated snfmal,
Genenally the arterial blood premure i such snimals i quite low winch to
» great extent appears to be due o the fact that the nervous adrenergre control
of the venous side and the beart 1 elomunated by the droy However if only
the filling pressure of the heart was somewisst rased  whch could eusily be
done by sdjustmg the helght of the inBow from the funned of the fiow recorder
f way posdble t0 ramein & fakly ‘nocmal blood pressuze, in spate of the
plurmacslogieal adrencrgie ‘ympathectomy’ Ar #bo the vrgal nerves had
been cut i the ook regon, refiex hlood pressure control was thus claminated,
and therefore the infiow ratc from the foanel to the heart had o be very
eactly balanced, of the biood proasare was to be kept fandy comtant, Even
muswx shafts of the filling presure of the heart conld induce dramabic pregure
wmmb}ybymmmhwﬂmmdhmuwdhcwg
a arcumstance which was wtiloed when the cxper
md:imchngumdxc:ncmlinﬁuwprm The‘rwmg’uoodﬂow
was of the arder of 58 mimm/i00 mi of titvor, and eould be incressed
about five tones by sspramaximal stoounts of intra-artenally wnjected acetyd
cholme, t. to about 35 mipenn/E00 ml of tasue. Thu, of the blood pressure
was kept withm the potmal range, ‘basal vascular tone - the extent of tone
left after eliminanon of the tor fibres ~— waa esentally aovmal
w tun the skeletal muscles of the reserpuse-treated wucnaly, in wpute of the
fact that they were commplerely depleted of catechol amunes. It was further
observed that the remtance vemeh exhilated an ofien very strikung auto-
regulstion  which madently m clear {ram the relanon betueen prosnme and
fown 3 of Fig | B, « Hnding which will be dealt with m mocey dewad in
mhawﬂmxmﬁouw:nd(}mal%!) —Thchummeuu
of bood flow ob of the vmsodilator
fibres a1 the highest phynologpeal rates, !0——20 unpuhu/sec, nen: mghdy
above 25 ml/mim/100 md of twuc the wmp d in
Fig 1A, T mum.mmamnmm/xmmam
bmmmc)xvcudmgsxmnmiummﬂmnmtapmmxmcwhnhigbﬁ
flow values were remched.
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Lkﬁﬂm&pmmmdhﬁhmwwhl&mmm
S'n;mumducuﬁ . inpections of acetyicholie (1) stretations of the humabar symp.
nmdahlorﬂ:n:l")lnd?r—:oflﬂa‘hlpﬂﬁ‘unm(”l} The daa are obtancd

from the widch b shown n Fig. |

3 The maxmmal flow increases that could be wnduced by the vasodilator nerves

/)wcrctbmunlynboutmls smaller than these obtaned by supramammal
amouno of acetylcholine, It should firstly be realized, that the studied hund
parts also contan some skin and bone trisue roughly 5 and 10 volume per
cent, respecrvely and the blood flow of these uoues, was, of counse, ncluded
mn the flow measurement. The vasodiator fibres are knawn to be dotnbuted
only to the skeletal muscles but the intra artenally infected acetylcholine will
reach all the msues ncluded 1n the studied hind parte Secoodly for technical
reasons 1t ean bardly be expected that sympatheuc stmnlaton at the level
of the fourth lumbar  ertebral dise wall activate all the vasodilator fibres of
the skeletal muscles che blood flow and valume of which are included n the
mweasurement. Th ne dilator fibres which are distnbuted to the venels of
skeletal muscles ar und the hup level will praumably have Jeft the sympa
thetie trunk ata me  cramual level, a dmcnwm’auonofwmvoglhﬂtmﬁ
onguates from mor  cramal parts of the spinal medulla. Furthamore
of thae fibres run ¢f ruk of bang damaged when the animal 15 divded”
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tend to dimunsh the extent of the il d on thew i

“Thus, & number of factoss, e to avod Jetely m of
mquc,ummdmdmimﬁm:mmto(uwdﬂowmnumdh
maxmal dilxtor fibre a d to that ob d by suprs-

sonything, — cven closer to the maxmally obminable muscle blood fow
values mn the intact anmal than would be cxpected from the actusl measore
menty 1 Fig ! and the dagram of Fig 2. These qoestons will be further
discussed below when the functional sgnificance of these nerve fibres will be
h’xﬁymﬁacd.~lnndm&y hwnnm'ihngmdmmump}mmm

h were used to sctovate
tbc\uodnsmrﬁlru,it\unmpowmemwmnmmmcdbhod

o Fig 3 nt}mmtmbcm:dxdhatmdenmymuymmmmn
the fow increase at & wcady level for some penod of tame, Even m ruch o
cumtsiances, however a steadidy ineressed flow could newer be muntaned fix
more than abost & munots, whkh b m strking COBURS to the Jonglastng,
fauly seady vascular effect that can be mnduced by & continuous constrietor
fibre sumulsuon. The background of thy difference between the two types of
nmpathetic vasomotor filben n olseure 1t may be that the vasodiiater fibrey
art maore exnly damaged by the artficlal qarmlaton, though ths ean hardly
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be tho sole explanation. Another posibility n that, in some way o other
they may be functionally adapted mainly for inducing phauc decrears of
vascular tone, while the constnctor fibres mut, of eourse, be fitted for ther
tonie vascular control, Whatever the case, this phenomenon appears to make
it almoat impomible to analyse such events in the neurogenically imduced
dilatation that require & steady state over any length of time.

It should also be observed in Fig 1 that the incresse 1n thsue volame ap-
pean to be relatvely b gger for a given flow increase when acetylcholine Is
injected than when the dilator fibres are activated {¢f for example, 2 and 4)
In the dihydroergotamine-treated ammals, where comstrictor fibre block n
not complete, it was often observed that a flow Increase was combined with
almost no increase in volume on sympathetic stmulation sometimes cven 2
decrease on volmne was obtained, Acetylcholine always Increased blood flow
and tmue volume markedly

The diagram of Fig 2 1 based on all the effects recorded 1n the experiment,
part of which 15 flustrated in Fig | and showa the relationship between
flow increasc and volume increase, as caused by intra arterially injected sectyl-
choline (curve I) by sympathetic vasodilator fibre acthvation (curve 11) and
simply by raising the artenal prewure level (curve III) It can be seen from
ths diagram, which 15 representatve of all the techmcally succesful experi-
ments, that — for each level of blood flow increase — the increase of regional
blood volume appears to be almost twice as big when acetyleholine u do-
tributed rie the blood stream, as when the mme agent b locally liberated
a3 the transmutter at th  cholinermic vasodilator nerve endings. No doubt,
however the dilator fibres abo cause some wcrease m regional blood volume
if they are eelectively activated, but it must be remembered that this bs In-
evitable, even of the fibre distnbution should be cwentially restricted, 2y ©

) the precapillary resstance vencls, and this for two reasons. From earlier
studics 1t 18 known that the hind parts of & medium-sized eat contan roughly
some 20 ml of blood (MrLLANDER 1960) Tt can be appraximately caleulated
thot some 3—5  of this blood Is contmped within the true arteroles (vt
Greex 1950 Table 1) which means that these vessels of the hind parts at
normal’ vascular tone contan at most 1 ml of blood. If a select ve widening
of only these -eucls took place, big enough to increase blood flow four timeh
this would — according to Poucwlle s law — imply a 40 increasc an I
ternal radiua and a doubling of ther blood content in the present case rauung
the total blood volume of the hind parts by roughly 1 mL Such an approdmate
deduction makes it clear that in a way the smallat arteries abo form a 1t
of the fi 1y defined i vemels the mast ymportant scctho

of which 18 consututed by the s, — Furthermore, even if the dilator fibees
cause & relaxation only of the precapillary part of the rahtance venels, thr
dilatavon must so change the profile of the prewure drop cune abong e
vascular tree at to rase the distending premure In the capallancs and e



SYMPATHETIO § ASOUTLATOR FISRX DIFTRIFUTHNY 13

chatemible verns, Thin, other Gactors being comstant, oy dilatation of the pre
capillary remvtance vemcls mmt morease the venoms blood content, by way
of paniye-clastic disteowon cven if thew snooth mmcle tone i completely un
affected by the sympatheist vasodilator fibres. — Curve I in the diagram
of Fig 2 iHlusteatcy the effect on blood fow end regional bised volume 335
induced umply by meresaing the artenal prosure withoat and primary clange
in vascular mmooth moscle tone, It can be seen from this curve that the pasove
elastic volume imcrease & & ghven increase in blood fow s very nearly the
same a3 that caved by sympatheuc vasodilator fibee strmulation, This finding
o also Tostrated by 3 in Fig, | B 6 and 7 in Fig 1 B itlustrate in another
way how even alight meresset 10 mean premure within the venows secton wilt
defirutely affert its contuned blood volume. On the bass of hacmodynamic
consderatioms it can be deduced that — for & given incresse of flow — mean
venous peawure should be micressed to roughly the mame extent, whether the
flow fcrense f1 due to artenwler dilstation or to ralsed srtenal pressure,
Provided that no changes of venow tore take place, venows distension can
therefore be expected to be fuirly similar m the two case, The shight difference
between arves 11 and IIT i, in fict o be expeeted because — as mentroned
above — the relixanon of the renstance vemel upon dilator fitbee avtrvaton
means an additional, small hlood volume fncresse henides that due to venous
distronon, On the other hand, f venows smooth muscle tone had alao been
inhileted by sl fbre tan, the volume increase could be ex-
pected o equal thet camed by acctylcholne wjectans, where presumably
all vascular sectiomy re reached by the dilator agent. Thus these findings
strungly suggest that the most umportant secton of the capsctance vremely ~
the vemns — b supphed with only few f any vasodilator fbeea. It should then
be remembered that the voun at the ame ume coosttmie the posteapiliary
section of the resatance vemeh, — [t can alio be scen froem Fix 1 and 2 that
the olume incresses i abiolute valets mre rather moall, compared with the
amtmned blood volume n the lnnd parts. The reason for this u that venous
1o, when deprrved of its constractor fibee control, o fidy low compared with
the obvicinly rather marked busal tone® of the reustance vesseh, The extent
of volume incresse caned by acetylcholing infection was far bigger of the
0 tist tone of the capacrtance vesely had been rabed by an intra-arteraf in-
finton of for cxample, norsdrorabine.

¥ig § dlustraier in mnother way the fact that vasodilator fibre ctvation
evidently causes a0 morase of miravaculsr preware st and beyood the
capallery level, wheck ehould also be the cxe of these filees are predarunuatly
o wiely diinbuted w the precapillary section of the resstance vesch. {n
thit experrmenc s moderste, tut¢ steadily mantamed blood fow increse
oy mduced by dilator fitre which, & loned earbier made it
necesary to noreasc the T & ly “The omuet of stim-
ulatn i sccotapansed by an imbal, mther rapd phwse of flow and volume
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increase, in time well co-ordinated +th each other Once blood flov b sta
bilized at 1ts higher level b ith Js d by a sow but contt

increase of tswie volume (A 1p Fig 3) whuch in chamacter 15 very similar to
that induced by a shight rise 1n venows pressure (B 1n Fig 8) In the amalpls
of the expenmental techmque used, Meriawper (1960) presented strong
endence to show that such a sccondary continuots volume increase fs due
to an outs ard filtration caused by rassed capillary pressure. As here artenal
nflow premure and venows outflow pressure are kept convtant, this effect o
dilator fibre sumulation suggests that the man reustance decrease 1 Jocated
proxumally to the capillary level Owng to the consequent shift in profile
of the pressure drop along the vavcular bed, st can be expected that venow
pressure must also be somewhat rared leading to & pamive venows distenuon
Alwayy, when it proved techmcally posible to mantan a steady level of -
creased flow by dilatsr filee sumulauon long enough to perform such &
measurement, there was evidence of outs -ard filtrmtion I & steady flow level
cannot be d the present tech doss not allow an exact evaluatan

of the fraction of the vol me shift that i due to transcapillary filtraton
change It can be expected however that the extent of cutward filration
is much more marked at for tnitance, maximal actvaten of the d'lator fibres,
but as s0on a3 huge fow increases are induced, they are as mentioned alnayt
very trarmuent.

2. Effects f kypothalome st mwlatien. In thee expenments the sympathets
vasodilator fbres nere nctvated by topcal mmulation of their diencephalic
integration centre The effect of @ hypothalamic stimulation on regronal musck
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tlood fiow and blood volume 1 Hmtrated in Fig 4 1 where the activation
of the dilator fibres catses = Mood iy Increme of about 150 % To climinate
the passive changes of blood flow and bleod velume, due to blood presure
changes in with the 1 the srterml inflow prosure was
kept fakely conitant by adiosting a scre elesop placed around tha sbdominad
sorta. — It can be seen from the figure that the prompt blood How incresse
2 combmed with very hitle shift 10 tasue yolmme, followed by « somewhat
delsyed phase of volume decremse. On the other hand, injection of acetyh
choline (Fig 4 %) m a coneentration that gives sbont the xme bood flow
incrense, cauiss & clestcut increase slso 1n volume, Atromne elumnates the
acetykcholine effct and the bnorease of fow on hypothalamuc strmulation,
leaving 2 sight decrosoe in Sow and volume x5 the only regional vascular
effects enoseqaent to the stomulation. — The effect of hypothalamic simulaton
on the thwge volome vinfed (0 wame extent o st expersmenty theve was an
actuad decresie 1n volume at the peak of the flow sncrease, o others the vohume
mcreased slightly but always to & lemer oxtent a3 compared wath the offect
of Injected scriykehobne in amounts thet eliexted an equal blood fow morease,
— It war mentioned In the peevions section thet the dilator fbres xppear
to be dutribated tally to the g illary resk veach, but tha
mmmmmwa.m\mwamm-
ptﬁwdmfondtb&mddc It does thivefore, in fact, appear that the

toqneal Iypothal — bemde the of the vasodilator
fitres — abo to some xtent filwres to the cap

veneh of the musces, Otherwse it can hardly be cxpluned bow soetime
blood flow wras | d by hypothal fathon, while there was no
chqcarmm-amldcamxmmm!m

Thn, the results of the hypott of the hetic veswo.

dﬂnotﬁ}xmdnmmtbﬂmtymmmnydmnbumdmﬂymthc
seustance weetion of the vascular bed m skedetal muscles, Purthermore, ¢
appears that the canBovawular voxchan pattern, which Is mduced from
thesr disncephudic centre, may to some extent abo wvodve sctivaton of the

wamcomtnictor filres of the apaatance wettien of the vascnlar bed m the
ranclen,

Discmsalon
The poesent cxperiments iodicate that, under favourable experimental
cond the srupath dit firey, when sctivated at the highmt

phymologeal ratry, are capable of nduang blood flow weresses m the skeletal

mucies winch 1 extent are close 10 the state of maximal dilataton. As, forther

anumbadmmbkupa'ﬁmularnﬁm. wolikely to affect the
of ~— tod to dunxaigh the neurogendc

vasodilator respomae, 1t m fact probable that the present resdts I ampthing

underesurmate the potency of the yasodilator fibeex,

2613015 Aete phynet scand Vol 53
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The quesuon then amses whether the sympathetic vasodilator fibres really
affect the same set of vessels within the mncles as the metabolites, which are
locally released in muscular work. As bricfly mentioned In the introduttion,
a senes of studies of the dilator fibre effect on the relationshup between vofume
fiow and diffuson exchange have led to the suggestion that the dilator filra
might open wup noo-nutritional shuns  parallelcoupled to the capillary
bed. Do doubt sumulaten of these fibres can 1n some experimental drenn-
stances create a situation that deserves to be called “unctional shuntmg  For

the eval of the phsyiological £ of the dilator fibres 1t ks, how
ever most important to distingunh between true shunt vesels and the oc
currenee of a functional st g due, for ple, (o an uneven distnbation

of the capillary flow For such reasoms this problem wall here be dealt wath
1n some detail evaluating the present results agaunst the background of a nurn-
ber of well-ostablished daw on muscle blood flow and oxygen consumptron.
If for a moment, 1t is presumed that true shunt vemels, controfled by the
cholimergic vasodilator fibres, exmt, acetylcholine can then hardly be imagined
to lack the power of relaxing these shunt vessels when dutributed s the blood
stream 1n high concentranom. The injected acetvicholine mmnt, by way of
the capillary walls, promptly reach the tmsue fluid which form the immedute
environment of all eells, meluding the presumed shunts and ther choliner
gically mnnervated smooth muscles. To draw a parallel, the adrenergically in-
nervated shunts in the skin certunly rapond semutively to eatechol amnes
1n the blood For mxch reavons it has to be amumed that the maumal flow
value ob d by sup 1 of 1ntraartermally injected acetyl-
cholinc must also mclude the blood flow increase through the shunty, of they
really exmt. — Further acetylcholine and related substances are known to
dilste the numsuoenal blood vessels of the muncles powerfully being in fact
able to induce the tame extent of maamal flow as can be ebated by intemr
/!rnlndc actvity Acetylcholme, intra-artenally injected at the peak of a maxuma!
work hyperaemua, 13 o our expenence not abie further to enhance the blood
flow increase \ow if 1t B tentatively asumed that apeafic muscle shunts
exnt, such findingy must mean enther thatboth the putntenal vesels and 1he
shunts are dilated by the 1 xally released metabol'tes or that the thunts arc
unaffected both by the metabo! tes and by injected acetylcholine, Ay menuoned
above the latter altonatve v highly unbikely and therefore it b necensry
10 conuder the possinhity thet muscular wosk alio causes » dilatatron of the
prenmed shunte
When this question s dealt with, 1t must be remembered that the vaso-
dilator fibres can nduce almost the same extent of flow sncrease as suprs
rmaxmmal concentrations o acetlcholine or mtense muscular work, To nle
some actmal fiqures from the expenment, dlustrated in Fig | and 2 maxymal
dlatanon here umphed & blond flow of 35 ml man 100 ml of s ue while
intense dilator s acuaum moreased flow sligitly above 23 ml oun




SYMPATITETIC VASODILATUR FIRRE DITRISUTIIX 19

100 ml of tmoe. The ‘resting’ blood flow 1o the studied tuaue part, cone
sisting of up to about 85  skelenal muscle, is in our experience arourd
3—4 mlfmin{100 ml of tisue, under cocumstances where a normal resting
consinetor fibre tone Is present, and about twice as high when the vemel
are sympathectomuzed. If true shunt vesels really exst, it then follows that
the margm left for maraung the nutritonsl blvod flow of the muncles
would be mt best some 300 4 m the intact ammal, 5. & ft would
be comstituted by the difference beth ven the flow figures of 35 ml and 25 ml.
As d earler thn diffe may m reality be even smaller a3 wath
the present techmugue the extent of the dilator flbre mfluence b — if anythmg
— underatmated. One i thms forced to asume that the grester fraction
of the mcreased cardiac output 1n mmcular work in fact bypames th muscle
capillaries, if true shunts exut, beang of Do we for the nutrition of the rmuscles
but oaly sddmg to the Joad on the heart.

Already the above-mentioncd conuderatioms thus make t clear that the
exntence of any sgnificant extent of 1peaific shunts within the skeletal muscles
is highly unlikely In addition, the bove mentroned flow figures, — if ten-
tatively interpreted in terms of 8 doal shunt and ‘mutntional musde arculation,
— are incompatible with known data for the relabon betwern maximal oxygen
uptake 1n intensely working muscles and their maximal blood flow If we here
exemplify with data taken from man, a resting subgect can be comudered to
conrume about 230 ml oxygen/min, where roughly 20 @ can be calculated
to be conruned by the skeletal muscle, at a muscle blood flow of about 2—4
mlfmn/100 ml of tssuc. The blood fiow can at bat be increased some 15—20
tmnes, to about 40—50 mlfmin, while daring heavy muscnlar work the oxygen
cxtraction per umt blood volume can morease rooghly 3 times, Durmg interme
muscle actrvity the total axygen connmpion of the muscles can icrense well
above 50 times, a3 the maximal cxygen uptake in pmn then often reaches
3,500—4 000 mlfmin, most of which 1 taken up by the mmscles. Tt &5 mathe-
matally fmponsibl to account for ths huge inerease of oyygen upaake by
the working mmcles, 1f any sigruficant frachon of ther maxmal blood flow
bypamcd the caplllares. Further the venous blood comung from intemely
worlong muscles can be a2lmost depleted of axygen, which would not have
bccn!hensciflhggﬂfucdmofthtdputcddmnu.mumnc:mmg
maximal oxygen uptake, ete, in caty are not available, but t i hardly likely
that they would be profoundly diffcrent from those 1n man, when corrected
farlhcd.nﬁ‘mccmbodyﬂ.xc.Thm.r.hcrclppe-nmhcnomcmlcﬁfof:uy
specific shumts in the muscle arealanon, of t 1 ot asumed firntly that they
mnmmﬂyclmcdinammo{mmcmnkmnmm.ndmlynputd
bymnadouo{thcdﬂn!wﬁbru,:mudlydntthdrchoﬁn@nﬂymm
vated mmooth muscles are entirely unaffected even by memnve concentratons
of acetylcholine and vasodilator metabolites In thelr &
Sn:h-m:mpdommwunmblnh-ttmm:ymmmmy__

-
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that any sgmficant number of speafic shunts exmt in the musdes. Other
ways mmt then be found to interpret the senes of date which undoubtedly
nggest the hlist of & fanctional shunting’ when the dilator fibres
are expenmentally activated (Hyuan ¢ «f 1959 Rosxet and Uviks 1960)

‘The present study indicates that the vasodilator fibres are mainly distribnted
to the precapillary renstance vesels, because, — when related to the sme flow
nerease induced by Injected acetylcholine, — therr actvatron causes a much
smaller increase of regiomal blood volume, not bigger than canbe predicted to be
the remult of & selective artenolar dilatation and the comsequent pamive-clastic
distendon of the venows nde. It appeans therefore that the venom side, coo-
sututing the posteapillary reustance vencls and alwo the main part of the
capadtance vesels, Is not directly influenced by the dilator fibees. Also, the
fact that the dilator fibres appear to bnng about a ramed mean capillary
peasure B in harmony with such a selectivity in fibre distribution. — Suppose
now that the dilator fibres only make contact with more proximal sections
of the precapillary reastance vessels, © ¢ the true artenalas, but not trith the
smallest artenal raruifications, which can be called the precapillary sphuncter
sections  controlling the number of capillarres open to flow A sclective, intenxe
activation of the diator fibres will then bring about a markedly increased
flonw — but not a maximal one, 33 not all vascular sectons contributing
to the flow reustance are widened This increased flow will, bowever pas
ctsentially the same, houted fraction of the capillary bed that Is normally open
mﬁwmungm\uclcltanwmbecxpccwdlhnwmeofthcapﬂhﬂu
may became closed, as i clectrical 1 ith dable to induce
some vasocomstrictor fibre effects also u:cptlnmmhmdymtcdmlh
reserpine, and the constnctor fibres also affect the precapillary sphuneter sec

yuom 10 some extent (sce e ¢ Forxow 1955 Forxow and Mreriawoes 1963

/' and Rosii and UvwAs 1960) — Furthermore, 1t 13 well known that the
smoclhmusdudthcmcuhrlphmctcrr:gmmrduwdopmupmm
cloted capillana when usue metabolism k inceased. They may react 18
a smilar way when for imtance, blood flow o artificially reduced, other
things being constant, Hence t 1 not unlikely that they react in the opposte
direction ©. ¢ constnct somewhat when an increased blood supply n suddenly
forced upon them by an upstream, stretly Jocalized dulatation, becanse of the
consequent changes n ther immediate chemical environment and the regional
increase in tmmmaural premure (Foixow and Orexo 1961)

Thus, an expermmental utuation may here be created, where an Increascd
volume flow parics through an unchanged, or even somewhat ranficd eapillary
network. As has been previously brelly disamed (Fowxow 1960) such #
utaston implies fintly a reduced ume for dsfTy 1 in the indmvd
capillany sccondly an unchanged or even a somewhat redoeed capiilary
surface available for this cxchange and thirdly a slightly increased mean dif
fumon distance from the blood to the usue cells, This means that fimsted
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sechons of a akelctal muscle are provided with a great excess of nutritonal
supply while other parts of the musele get little or nothing In other words,
l‘f\mzﬂmlllhunung'hexpahmmﬂyml:d,whmquuﬁclhunuar
any pew concepts of vascalar smooth muscle behaviour are fmplied only &
distribrution of the dilator fibres reatricied to the bigger precapillary resistunce
vemsels. Such a view 13 10 harmony with recent studses on eapillary permeabilidy
m tkelets] mmeles (Rxveoe 1959 a, b) which suggost that shunting of
blood 1n skeletal muscley 3 merely & matter of a vanable distribution of flow
wnthm the akeletal muscles, while no evidence of specific shunt vemels could
be found. It mppears in fact that available data on the characteristics of the
dilator fibre effects, alw those of HYsan o . (1959) and Romurr and Uvnis
(1960) do pot necemitate the mmplication of true shunt vessels, but can be
explained along the above mentoned hypothens of a sclective dilator fibre
distdbutson. In quite recent expenments, utillzng a different experimental
pprmnh,annndRmm(lgﬁl)hnvcnmvrdltlmhrncw Its
jeally important to detingush such & pomt of view as there Is

2 great differcnce between a vascular bed contaning both nuimtional vessels
and paralldlcoupled shunts and ope with only the former type of vemch,
where occanonally & type of functional shunting’ can occur

If this 3 50 the centrally indaced yisceromotor pattern, of which the dilator
filre activation forms a dommant part (see Uvas 1960) 1 exccllently fitted
for partap in alarm a1 AspaEams, Hoton and Zsnozrma
(1960) suggested. The 4 dr, ic redeenbution of an increased
eardiac output, favouring the skelefal oruscles, 1mphea an antdapation of the
nutritional demands, arning at the moment the skeletal mucles are brought
nto acuon in a flight or defence reaction. The man pattern of blood flow
1t then abrady centrally indoced, and as 300u a1 the muscley are actvated,
the locally relessed vasodilator metabolites oaly bave to open up all the eapik-
lanes, 1o spread out the hnge blood flow ver the entre eapillary surface of
the muscla

The present hypothens of a restricted vasodilator fibre distmibution to the
bagger preaupillary resstanco vemeh only further implies that the fucreased
flow can be established with a minmmem of blood ‘pooling’ within the muscles,
83 few of any dilator fibres appear to run to the venous mde. It may even be
w0 thar the blood volume contained in the muscles can decresse in ntustom
when the dilator flbres are contrally activated m the intact orgamem, Thh
would be pomihl if the comstnictor fibees to the venows sde of the mumcle
vascular bed were concomitantly activated to some extent, as appeared to be
the case at least in some of the present topical strmuk of the bypothal
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Physological Adjustments to Prolonged Diving
in the American Alligator
Alligator missiesipplensts
By
Hamarp T Axpemsex!
Recerved 12 Apedl 1961

HTE? & So prabenged duving in the Amer-

T o op
sbmernon bave been otwerved in the natural dnert among the birds

depleted.
that the diving reflexn” occor m wide variety of verirhaat  divers

1) The chreataeary by shuning off the perfunon to
certain beth, cablc the aligator %0 make the limited cxypen
torma Last througho perkods of sabmers
Prescat edddrene D o Koogl\ 51, Sweden.
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2) The animal remalm 1n a state of wcful comcloutnes ontil the
oxygen stores are almost exhainted. Ths serves to extend the safety

rargn for protoaged drving and cmure a complets utilization of the
oxygen available,

Certam animals among the vertebrates extubnt a high degree of adaptanon
to aquatic Ife, although they are equipped wath asentlally the same respuratory
and arculatory organs as terrestrial forms. Some of these animaly are known
to be able to remain under water for an extended period of time and endure

a very high degree of asphyxiation. While submerged, they may be obtened
at rast, as well as earrying out vanous actwvitles, such g1 feeding, crumang or

catching prey
The phynological adjustments which pernut the diving raammals and Lurds
to endure prolonged periods of sut have been studied by seversl in-

vestigators. Since Bewr (1870) started these studies, important contributiom
have been made by Ricier (1899) Lowmroso (1913) Imvxo ot o (194 &,
1912) Scrioraxprr (1940) and Scroraxpex of &f (1942) The subject was
reviewed by Invrxo (1939)

The observations of these mvestigators have indicated certain factors to be
parucularly important for prolonged dnang

1) Large axygen depots, and selective and complete use of these stores.

2) Relauve imsemltivity to effects of asphyuation on respravon.

3) Reduced metabolrm dunng drang

A fur amount of knewledge of the phynological adjstments 1o prolonged
diving in bxrds and ks hay been bluhed, whereas similar informa
tion on the poikilothermic divers » scarce. There are diving animaly both
among the amphibians and the reptiles which presumably would be well swited
for expenimental work. The amphibiam are known to remain under water for

,)cxutmcly long periods of time, but 10 thae animals the cutancow respiraton

1 extraord nanly large, and 1t may well be that the cutancous component of
respiration 1 adequate 10 mantain bfe during diving The reptiles are howaver
almost entrely dependent on thar lungs for respuratory gas exchange. It o,
thus viry dewrable to study the drving reptiles In order 1o make our knowl
edge of the phynological function 1n the natural divers more complete from
a comparat ve point of vicw

Among the eples, the crocodilians are well suited for such a stody The
crocodilians are semuaquauc. They pever depart far fom water and nben
distirbed thev w Il try to escape into the water and submerge themsches
Ther fitnet n an aquatc habrtat 1 alo evdent from ther hunung They
catch thar prey o water or they pull the v cum into tre water and submeree
um ontil drowmng

A few publicatons deal w th the diving ability of the reptiles but only ©
» very fimited cxtent (Dis and Lowaros 193] Jouaes 19,9 Wnstk
1960) The present imestigatron was camed out on the Amenican allgatof




Fig. | Expertmenal deign for the study of metabolimen by Indirect calormctry

Aﬂipiw-mmn”iam.nhcb,ﬂhctbcmb:ranmﬂnm,u:mpbihmm,nnd
doplays a strilng ability to endure prolonged diving

Materials and Methods

Anivals wod oxiveal sarv

Fourseen alligators were aed n the proseat suudy which was carvied out from July
1938 o Seplernber 1959, The animals wae kept i the laboratory a1 temperatares
rengmy from 72 10 2T C. They wrre fod horsemeat and booe mesl. At times mme of
hemn had to be fed fardihly “ooe of the woumah 513 ed 3t the foninte for wove than 3
mauths t ame. The weght of the animat vaped brle over the period which they
rpent at the insttote,

The alllgator o known tw show marked seasonal cloges as 1o acovity and feeding
babits. These changes wore gnared in the present irronigaton beeame seamoas] changes
in the abilty to perfonn prodoaged diving did not occur as far a3 coudd be fudped,

drremzrnest of Ot dirwep Feperrments
Almost all of the data resented in this stdy boo been obained froom crpernnents i
winch the anmnal wae imvoluneenly submerged, The alligator was rtrapped down oz
wetghed board hke the ome shovwn m Fig. 1 wa that drang could be indoced by peady

e wa of the same tepperature s¢ the toom ™ which the aniomls were kepe
Alrthad:s coaployd ot ctudies of the curlatarn

appraxonately
Statam peewore tramsducer
Sodet P23AA. The preswrss wer recorded by # Gilson Elecoromes Mepolygraph
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Durning the ap deshng w th of blood pressurey, only the parey
of th anmubs were submerged. Drving conditions could therefore be accomplished br

could pot be obwerved on the recocdng equipasent. Sequences of the beart rate and the
blood prewize were recorded cootinuownly for t keast 30 seconds at a time.

Metheds wied bx the stwdnt af reipuratios
Samples of arternl blood were withdrawn from the fernoral artery which had bren
cannulated as described above. The blood samples were anahyzed for ther cootent of
ovy gen, carbon dioxide and Lactic acid. The pH of the arterisl blood was eha meswared,
‘The syrmges lnto which the hlood tamples were drawn coatained heparin and 2 10
sodium fluoed  soluton in the dead space. A Litle mercury was drawn Into the 5 rnge
after the blood m order to provide a gas tight scal, and to facilitate adequate mixing of
the hlood before an aliquot was removed for analyrls. Until the analytical work could
be perfosmed, from 2 to 8 hours afier tamph g the syringrs were stoced fo 8 bath of
Jce and water The technle for apacrobic handling of the blood sampla outhned by
Rotoiron and Sciiorasnix (19H3) was followed closely

Sece the oxygen of the blood comtitates & very hnportant part of the total quantity
of oxygen a wilable dunny diving the amount sampled for analytical purposcs had to
be kept ¢ & minimum. Tho requires the exchusive use of microtechnics in the blood
analyus. By meam of such procedures, it was possible 1o keep tbe individual blood mm-
ples at 0.8 m! ewch a3 this amount proved safficient for determinations in d plicate of
all of the perameters referred to bdow qubrdpochbma]mpmcamrd
scparately To peovent working with anemie anbmals usially not more than two cxpen-
ments i olving hing of blood were performed oa any animal.

The content of oxygen in the Hood was determined by means of the Scholander
Roughton Syrmge Metbod (Rovonron and Scworaxoar [943) The raagents

1n the ongunal paper did not appear uscful when  pplied to allgator blood. Thy findiog
was not surpasing consdcring that the method waa it developed for the blood o
bomasothermic anmmuh, and apedally for lian blood. By devel 2 df
ferent sct of reagents, Scirotaxper and Vax Dan (1956) succonsfully anslyzed blood
from difficrent specis of fnhos by the Syrmge Method. This modified procedure abo
faded o work satifactonly on alleator blood, bawever because the 3ol toa Now 3 the
»ad subfat solutso, dxd not break down the blood protens 5o a1 to constitute & Boc
culet preapitat 1 the nnnge By increatmng the  cidity of this sohation o that it
was made up of 30 g \a,50 azhydrous 1o 100 ml of water (o which 8 m] concentrated
H.50 was added, ¢ was cande applicable ta alligator biood The amount of carbo
dioade s the blood was also determuncd In the Scholander-Roughiton Syrmgr % &
scnbed bn Scrora pew, Funarrs and Inviea (1947)

Deter of the conc of lactic aexd in the blood mmpla were ar
ned out ac ordimg 1o the method of Bankxx and Stnmxsow (191) od modficd b
Strow (1H9

The pH of the arteral blood was measared by meam of a feckman Zeromate plf
fmcter provided w th Beckman Y9022 Hypodermuc Stylc Llectrode Ancrbly whick
permits pH measurements on 0 3 ml of blood while the sample i drawn.

The blood olume was csumated  two of the allgators by blecdiog and washiaf ot
the vasculas & rm w th ov genated Frog R ager s solutron. Sach -z\baulmdb:
b epecially well pplcabl 1o porilotbormuc, drving animal Lk the allaator
Camse the heart mill krep on beatiog foc howrs after akmoet all the blood ks bern drasacd,
thereby epnunng adequat wash-oat The oxrygen Gapaat of the blood was deor
saied 00 bload ssmpla cquilibrated with air and analyzed for oxypen a1 decni<d

above



the g in
1 before the actual sample was removed. Mot more than 2 ml of ung alr was with-
drawn fn cach mmple. Tho amount of gas provided m ample mpply for d plicate

The
mﬂambcwnnlmfmm-VlnSlthmncukaudGuAppnnmud
buﬂxlnmdxpkthwphbymﬂmd-plmmﬁmdwwmo-rmp

whnch sealed around wat abo mipplicd with
mﬂﬁncﬂinmwhkhth:mmkdnlﬁm!ryﬂnguﬁﬂcdvaymmtdy The antmal
was Introduced mio the p which vee cd with water and

nkdommhmdmddxbjb&lnhqubuﬂchlﬂwlthcplﬂhymmnpbm
avolded by coating with & very emall amoant of

ph from the syringe. Herchy the tng o valoo b =
(F —AF) The premure from P P = (P +AF)
mhuch ‘could be read off the From thiy " caleulated o fob

WP =Vl = (V—AN (P + AP)
P = P 4+ RAP—P AV — ATAP
VAP = PLAY + AVAP = AT(P, + AP)
;o AR 1 AP)

Ar

’dmmh&m(-ﬂ—&rﬂ
of axypen before and after wm registeeed.

in & column containing Ascatite and the gus lost In this wary was replaced with 100 %
axygen from the respirometer The drving chamber was made from pk‘vglulodn!
experiment.

Priformance of prelenped diving 1n the alligater

Most of the alligators uned for th present study were 2—6 years old. When
they were free to swim and dive in a large pool, they were observed to sub-
merge 30—60 mm at » time

Ascarur (Regustered Trade Mark)  sodma bydeoxkdo-adhestos mormurs with CO abmorblng
propernes.
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Heart rate end dectracerdiegraphic changes
A very compicucus bradycardia wim observed in the diving athgater The
} heant rate deerenscd gradually rather than mstantancowsly st Jeast during the
forced dives, and the period of time required to estabiish a constant, Jow fre-
quency vaned comuderably in the different indi nduals. The changes 1 the
electrocardsogram assocated with dving are shown in Fig © as recosded be
tween nght forehmb and feft bindi mb A transient arthythmua was always
observed 1o 1ake place duning the penod in which the diving beadycardia de-
veloped as & venmncular raight be followed Ly a prolonged diastole
1In the carher stages of the dive this prolonged dustole appeared quite TeE®
lrly and & duration vaned markedly The correspond ng clecirocardiogmam
therefore comuted of moups of faurly regular heart heats separated from each
other by an extended duastole The EC-traangy furnished in Fig 2 sbv
that the fully dev eloped bradycardia s caused ma nly by the profonged da taket
In the pre-divang penod the total time required for the regutration of the ke
tncal events associated w th one complete carduac cyde was 1 30 sce.
The T wave dumsnshed rapudly at the onset of the dine and during 156

B AT P O D LWl KaMeTr
A it




©
TIRE RARTES

firet mimute of submernon it vas hardly hle. When it reappeared, the
amplitude showed a marked increase. The T wave was frequently diphasic or
completely uverted while the antmal was submerged. The incressed ampl-
mdeatthhnvcpcrmdmunyfcrwvu-lmum-&:r:ma-gma:

Fig 3 A b & graphi jors m the heart rate dunng
mwthmwmuﬂmdmlmmmbmmh
42 mm. The beart frequency was 41 beaty per minute 1n the pre-drving pe
riod. An imtial, shght incresse 10 the beart mate took place before the brady
cardia started developing W rthin 10 mrm the frequency of the heart had dropped
to 2—3 beats per munute. The bradycardia perasted during periods of igoron
struggling 10 conformity with observations on the scal (ScmoLarman 1940) and
the duck (Asprwsew 1959 a) The data shown in Fig 3 B was obaained from
an anirml ewtmming frecly i e large tub, dving voluntarily In tho case, the
pre-civing beart rate was 24 beats per munute. The freqoency of the heart
dld not drop down to such an extremely bow kevel as the one shovn m Fig 3 A,
but way mauntaned at 30—50 4, of the pre-diving rate. Hovever the time re
quired for the extablubment of thr degree of bradycardia was nmuch lem than
in the forcibly submerged anmal The pre-iving heart rate waa mpidly re-
stored upon emernon from involintary dives a3 well & from voluntary oaet.

In one experiment in which the right vagus was cut in onc of the alligatars,
no bradycardia developed during diving

Arsnal beed precocs

3 were conduzted in which the changes m arterial blood presure
during diving was studied in the fonocal artery Sections of a record obtained




-5
detmemel & my

e A
R H@j\f\[\"\[\f\f\[\f\\/‘
B e

L4

ST— [T
ettt S

e 3 81 Mack eeite £ e 2T mASY

24,4 Traangs dow g the artermt Hood presare in the fonoral artery durmg 10 micue
s 10 v

. N

[
Y -

. T

Fig 5 A praphucal plut A the nasole datolic sad pubse presmarey i the femora) arery o
dmiog allqas s

n one of the expriments are presented w Fig 4 The gystolc dia tohe and
pulic prenures fram th wame expenment were plotted graphscally from the
coatunuous record a d are grenan Fg 5 The merage salue for thexe three
pressures wa 28 17 and 11 mm Hg ropecinely m the prc-dnlﬂzf"’“’d'
Dunng the earl st part £ibcds ¢ all three pres ures increased very markedly
After thus iuual e ) tdic and duutolie pres ure fell throughomnt she
perod of submergener The dia talic prevwre approached reve toward 1k
end of the dine. Th jube preure 2 mantamed famdy cor tant dunng
dmng except for the u 14 tranuent me. Lpon emesin, both 1t e A
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diastolic pressure rose steeply to 8 value of appeosamately twice the resng
xfﬂcthcpukcprmmdmppcdcqulﬂynbmp(wnwrylawlnﬂmhua
presnoe was restored to th pre-diwing value in about one munute, whereas the
recovery of the systolic and dustolic presure was not completed until approx-
mately one-half bour after emerslon.

During diving the pressure indoced 10 the large arteries by the ventricular
contraction decreased very slowly (Fig 4) indscatmg that the rate of empty-
1ng of these large blood vemeds became extremely retarded.

Blred 1elome

Two alligatory were sacnficed m order to esumate ther blood volume by
bleeding and washing out the vascular system with oxygenated Frog Ringer’s
solupoa. The results are grven 1o Table I below

Tae I The Hood soirns of tha alliguior

Weight Blood Vobame  Food yohuae s
per cent of bady
ot

27k 140wl sl

3k 410ml 35

05 pen capecty of alliator Hiawd

Samples of blood were withdrawn from three animab for deterrmnatiom of
the oxygen capraty of alhgator blood. The samples were equilibrated with
arr and analyzed for axygen. The values obtaned are presented m Tabl IL

Tabie II Tha axypen copacty of sliguser blood = Vol %,

Date Otmerved Oy Avcrage
apaana

[ 10 17 1el 105

1058 102, 96 9

F ] €2 75 s1

The cmsent of sx7pen ond carbon Foxide tn the artersal blowd

An ilusravon of the smultancows change in the oxygen and the carbon
dioude content of the arterial blood dunag a dive n presented In Fig 6 Figr.
7 and 8 give additional data on the amount of oxygen in the arterial blood
1w o dies of comparabl duraton. The slopes of the curves are gonenally
unq:crmtb:munlpnnuﬁbcdn‘uthxnlwudsthcmd,lhowmgdmmygm
o connmned more rapdly durmg the earlier stages of the submersmons than
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Frg & Conceatrations of O and lactic ecid i the arterial blood of an alllgasor before, during
and s strugglosame dve

pH

T

T4

T2

Te-

"

1 1
" ) H 3
TorE % moezs

Fig 9 Variauom a pH of srterial blood befors, durieg and after diviog.

Increased relatfvely little durmg submemon On emerm n, however the
blood was rapldly loaded with lactate. The dive illustrated 1n Fig 7 was quictly
endured, whertas in the other div, Fig 8, the animal exhibited burss of
vigmwom actvity throughout the perfod of submergence. This, apparently
resulted 1n & very high lcvel of lactic acid in the arterial blood upen ascent.
Contrary to what should have been expected, it appears that the arternal blood
s depleted of oxygen at & faster rat in the umial part of the quict drve than
m the other The artenial blood abo contuned more oxygen at the end of the
struggiesome dive than m the quuct one.

The pH of th arteral blood bows a moderate fall durmg the dive suc
cerded by a sxdden and very conspecuous drop In the post-dive penod (Fig 9)
Lung relxme

The lung volumes of two alligators were messured by meams of twtal body
plethysmmograplty The one, ha fing & body weight of 4 4 kg was found to have

a lung volume of 430 ml. Ths fgure nas confimed in & second cxpeniment.
3413013 Acia phycel. seaxd. Vol 33
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goazdhrrmd-

—COy dosgram.
Vo % 0y

The body weight of the other ammal was 37 kg A series of determimations

~  of the lung volume of thu annmal wes carned out. It was esumated o beln
the raage of 280 (0 330 m) It 15 very duflicule o determine the  pocmal”
{ imprratory lung volume of a crocodiban 1o a furdy narrow mage beame
it vana widely from mupimton o mspuraton.

1 @riqtions 18 the ompunitron [ the ling air dxrmg dioong and the rate of
PUPR wsEmplion from this depel

In the beyinmng of & dive the allgator used axygen at & faidy rapid rase
Asmuch a one half of the axygen i the lung air may be consumed dunng B¢
B3t 20 oun 2f 4 2 hour dne Dunnq(hcrutafluchudw:,d\cuxygtﬂﬂw"
tung amr wa wused 4t a much dower rate (Fig 10; The concentrauon
m the lungs noreased slowdy throughout the pertod of or 1t wn
faund that the content of tha ga rives more rapedly durng the mitlal part
of the drve than Luter At the end of dre submersons which lasted upti) almeet
all of the axygen of the lung atr was ued up a relat vely steep Increase i the
carbon dsoxsde cor cent atw n was commoanly olserved These pmcrﬂﬂ“b‘
roypiratory gas exchange may o be well dlustrated sn terms of an O ~ 00,
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Vol % Oy Oy Comm il /many
-
r
" M
12. The deplctuan (dots) :
O e . “
of oxygrn from the lng.
derring divieg. N
Tt b et

been obtalned (ScHULAMDER 1940, AxvrRsxy 1959 b)

The hung air o the largest oxygen depot 1n the alligator The mte of corsump-
tion of axygen from this store duning drving would therefore be of great mterest,
It hay already been shown how the concentration of oxygen i the lung air
vanes with diving time (Fig 10) If the lung volume did not vary during
breath holding, the actual amount of axygen 10 the lungs at any time conld
easdly be calculated from this corve. Due to the shrinkage of the longs dunng
diving such a drrect calculation s not feasible. It 1, however atill posible
to quantitate the data from the gas analysas by making the ssomption that
the amount of mitrogen 1n the lung ar does pot change apprecisbly dunng
divng This may be expressed by the equation

Vo%y =F %3]

Here ¥ b the lung volume at the sart of any interval comadered, and % X
w the mtrogen concentration of the longs m vohimes per cent at the mme tmme.
¥ = the hmg volume at the end of the mterval, aud %, ¥~ | the correrpond-
ing mirogen concentratron of the Jungs. The values for % A can be obtained
from the gus anslyses by mbtracting the summ of % CO and % O from 100,
Uing these values for % A and % A * in the equanon  bove, F may be
cakculated prowded 7 o known, and the amomnt of axygen coatalned 1n the
tungs at the sart and at th end of any interval subsequentdy conudered.
Thas has been done far mtervab of 3 runutes each throughout a diving penod
lastmg for 103 min usmg an average valne for % Oy, % CO and % V in the
lung ajr obtuned by utilmeg all of the analytcal data from the experments
Involving such determpatom. The resulty are shown in Fig 12 where aho
all the amlytcal oxygen values are plotted in. The carve showmy the average
axygen conmumptron per mmnute for every interval of 5 min, has been calculated
for an animal with an imtul lung volume of 300 m! and =t a temperature in
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Fog 13 The pre- and pos-dn conmmpton of O of the aftigator

the range of 21—25 C. It appeans that the consumptlon of exygen from the
lung i would be 0.2—04 mlfmn durng the last 75 min of the dive, &<
only 36  of the pre-dnang oxvgen comumption.

Virtabolic studics by idirect cabemmntry

Pre- and post-dive conrumption of axygen was studed in order fo obiad
some nformavon on the over-all metabolic rate dunng diving A sample 0
four rxperiments Fig 13 A, B C and Dy hay been chosen (o represent these
expeniments. The otygen consumption 15 pven for intervals of 10 min cach.
The bx k 0 hn drawn through the penod of submession in eact case s e
mean oxvien comumptron 1o the pre-dnaag penod (or that partcular expar
ment Insm o the experiments it was not porabie to oltain a very coman!
rate of rogen eom mpwwn n the pre-diving penod. Such an expenmaent
wakown m S 13B The na mmetumea due to scuvity an the part of X
srumal, especall 1 n the expeniments were cared out &t (emperatiro
abme 25 © In maAat  w~ however a penod of ennstant oxygen convumps
ton could be recorded T e pentponted the dive for smveral bours.

Lpon emeruon the 1l tw wometimes refused to broath for woveral B0
e, hebhepton & ng after he had accers to e A.nr.ump}cu&"“"‘i'"
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Fig 13B In most of the expermment the excens miake of oxygen after a dive
was lexs than would have been expected if the acrobec and anscrobec proceses
dmingdinngmg:ﬂtrnnmuh\cduxmbohcumu{thcpm-dﬂmgpu—wd
(Fig 13A, B and C) Tt happened, bowever that the post-dive consump-
tion of axygen was high, and that t stayed Ingh Sor hoana after the dive was
eompleted.

Discasalon

In the present study t was found that the axygen depots of the slligator
were almost exhapsted when the animal had endured expermmental drving
for about two hours at temperatures sround 25 C.

Hence, the cardmal quation to be answered m order to cxplain why the
diving armmals are able to remain submerged for such a loug tme, 1 con-
cened wath the oxygen badget of these ammaks, sinee an adequate supply of
this gas » indirpensblo for survrval It seems appropnate therefore to begun
the disammion wath an évalustson of the oxygen depots of the alligator

It o generally amumed that the three mam stores of oxygen In a divmng
smmal are the lung ar th blood and the muscles. The muncley of the alligator
are very pale. Thn characterivthic mggents that they d - pot contam an appred-
sble amount of myoglotun, and t # therefore believed that this tosue doex not
contribute moch to th total amount of axygen stored in the alligator body
The quantity of axygen present tn the lung ayr and in the blood of the amimals
can be falrly vell otonated from the data reported in the previouws secton.
TFor th present duscsaon & specizoen weghing about 3 kg will be constdered.

A easomable figure for the lung volume of such an anmmal would be in the
range of 230—%00 ml The extent {0 which the alligator inflates {tx lungx durmg
oupration may however vary wadely from oue respiratory cydle to the next.
In order not to under-csumate this oxygen store of the alllgator the Larger
value will be ured hero although the anmmals frequently did redoce this exygen
depot themselves by cxhaling o part of ther diving ax under water

L dixtely after an § the alyeolar axr may coatan roughly 17
Vol £ of cxygen. Basing thu estimate on the optimal conditlon that sobmer
101 took place just after an inspration, and that no aur was exhaled dunmg the
dive, the Jung wir would constrtute 3 depot of 31 ml of cxvgen,

The hlood volume of an ammal the nze would probebly be around 150 ml
(T ble I) and onc may amume that the axygen capaaty of the blood would be
closc to 10 Vol %, (TaRl II)

I came all of thw blood wea arterisliyed to full saturatsm, st would con-
e 15 ml of axygen. However in any vertebrate the greater part of the blood
» at any ove tme in the vepous state, snd thn diumtion b espechally cmg-
gerated in the diving anmmals. Baides, Figs. 6, 7 and 8 reveal that even 1o
th resting period, the wrtenal blood by not saturated to mare than 60—80 4,
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of 1us full cepacaty Thms togh drgree of unatiranon of the arternl bisod may
well be due 1o the fact that the reptilian Jung s greatly mfen ot to the mas-
malan with respect 1o facilitation of gas exchasge between the ahveolar 2
aerd the buood. Large areas of the surface of the reptilan hung lack 2 ragzratory
epetbelium, and are poorly rupplied with L3 (Worr 1933) A far etimate
of the amonnt of orvgen rtred m the blood may be obtamed of oo~ atsmoes
that 23 o the blovd 1 artomabized to contam 7 Vol of axygen, and that
the remamiez 75 o venows with an avoaze oxygen content of 4.5 Vd .
According 1o thess conuderations the oxvgen depat of the blood £ the 2l
Loator dlscumsed amomnts 10 abont € ml, and the total quanuty of arygen
available wpom submermon can thaefore hardhr have been much more than
& ml

A reasomable Syure far the restmg oxygen coorumpton 1 thns anmal eo-
dzr the conditrons fpeaficd would be 4 ml'mun. The oxygen stores of b
alligator wonld therefore be completely depl+ted afier about 15 men of quest
divmg prowdad that the acrune menabolirm remamed mnchanged at the pre-
dning rate. However 1 several expenments, the alligators recoveved froa
dives lastiog for 60 1o 120 mm. Hence, there n a0 esormons discrepancy be-
tween the expecicd diving ums, and the diming peformante actually exbibited.
Tin owranding aléhn 1 endure prolunped diing m rte of the msufSoency
of the oxyg=n steres calls for prefomnd metabe Te adjurtments,

Sexeral avthon Dt and Eowaros 1931 Eu.nml‘ﬂ))ln-rrm;gtﬂﬂ
or mmplied that the ratomal divers are able to remam under water for roch
Yong penuds of taoe doe 10 &0 ameroboe 1taft of the metabolitm, the, makmg
wp far th~ axygen definency by a large meremse 10 the anserobie proceno-
Howesty ot of th amasmine metabalem should coostitute the largest somrct
of energy dunng promacted drvioy a certam mummal mpply of axyren wil
=erthelou br enenmal ip ths penod. The oxygro sores will bone 10 bt
!zl emtrgenee o allowed m arder for the anmmal to smdve, for regardies

/dx:-yn::::]y_vbcdnn;—_ t B clearly impowible to mantain tesmes which &t
smcepiib £ 10 orevensib.e demage from arywen dfiaency such as the beart
a0 erpecall b bram. m the oumplete absence of ths gax, Thoefor,
ability of the aTigatx apd any other of the pammal divers o perform pro-
}n;—_dd}rmgndmrrmmnbcaphmud.mmplyby-mw

the claraterstc which distngunh the matiral diven amoeg the

24 emble trem 1 endure bong-to- submerpons s suecendully The moc>
mmphjv»rpnllmmdcaﬂzdmnbemmmlrﬁﬁd
mrﬁm&:mmd&:wﬁgmmtﬂwfﬂmﬁﬁ
fhese sanom affarnent and ther sgmifcance for the diving ammal wil b
commdered.
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Thphymh:ghl.djwM(Lodmngmt&ulumdydmibcdudx
Jerel ofa i bradyeardia. Tha ph - P 1

oceurrence among the diving ammmals.

The dreng bradyeardia s abo the most prooyment change In the electro-
ardiogram of the drving alligator as displayed by the ECG-tracmgy shown
EanZ.Aﬁcanunufdwmgtb:mdspungﬁmuncpcmtmthzurdu:
cycte 1o the carresponding pomt in the next was 6.62 sec a3 compared to 1,50
sec 1n the pre-dving period. Eaghty-seven per cent of thi bradycardia was duc
mlpmlmgnumd'me—Q:gmm:fmmO.H;atto498tc.Audiwm
tinues the heart rate may drop to 2—3 beats per mmute (Fig 3 A) During
thes extreme bradycardia the heart spends a progrosively increanng part of
each cardlac cycle m dustole, i. e, 1t 8 ewentially the T—Q segment of the ECG
which becoma further prolonged wn the long drves.

It 13 well known that the heart rate slows down 1n resporse to stmulation
of the vagal nerves becane of a modification 1n the pacenuaker rate, As carly
as 1899 RicurT found that atropmoed or agotomzed duda show no drving
brad! dra. The lLatter ph was confirmed by Losamaso (1913) In
the one expamment 1n which the nght vagm was cut In an alligator & drvmg
bradycardia did not develop Pronided the nght yagus was manly distribated
to the sino-amrcular juncon m thy mdividual & 15 commonly the case {o
the mammakan heart, this chance finding tends to support the view that wagal
Influepce alw In the albgator s raponible for the dow down of the hoart rate
during drving

The length of ventncular systole, as approxmmated by the Q—T brterval,
inereased 51 % from 0.98 to 1.50 sec dunng the same tone. Beanwe of the
rate-dependency of the Q—T mterval (Barerr 1920) the posihility exxsted
that the protractson of thm interval resalted from bradyeardia enly However
the corrapoading Q—T = QT/RR interval wa found to be more than 23 %,
increased oves the pre-dring valpe, This meam that the lowmg of th ven-
tricalar spstole b dee o other factars as well. Bresuse no drect experimental
cvidence is available, tn at the present trme mponible to dead  which other
coadinons contribute to this dowing of the ventdeular systole but ¢ may be
a reasonable amumption to  ttribute 1t to changes m the nutmooaal state of
the heart, & progressvely increanng anoxemma of to the acidons incwrred
durmg drvng

The T wave also exhibted Large modifications duning a dive. The amplitude
hmﬂyinumeddm‘lngdlemnnpand'th sulanernon, and the wave
muay occasgoaally appear diphase or completely mverted. The T-wave i the
most labile part of an ECG and it is known to be influenced by a wrde vanety
of sumnli mcloding postural changes and changes i the metabolic condi-
tiomy,

In the Literature beanng on the plrysiology of diving, the bradycardia
generally recogmured to be one of the main adjwunents to prolonged sub-
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mersons, and it B frequently regarded to be of great fmportance for & sucern.
ful endurance of such cond tors, Lourpnoso (1913) o the contrary reparted
that vagotomized ducks were atill able to dive weil. Unfortunately b paper
does not give suffident data on the diving times endured by the anumabs 1o form
an opinion of the vahdity of hn conchinlon. However the sgnificance of the
low heart rate for the abality 10 perform proloaged diving does pot seem quite
clear Obviowly the oxygen corsumption of the heart wself will decrease when
the number of contractions per mmute becomes reduced with sme 90—~
95 ¢ This must be assumed to be a ngnsficant way of mving axygen dunrg
diving beeause the heart, as will be ducumed below may be the only muscde
whsch recerves axygen while the animal b submerged. Furthermore, it o be
sen from Fige. 10 and 12 that the consumpbon of axygen fromn the hung air s
much hugher 1n the imnal penod of the dive before a low beart vete 1 cxteblished,
than t s during the peniod of the sub Irvrra of & (31941 b)
found 1n the seal that the emrher the bradycardia develops, the longer time
vill the ayumal be able to extend tt sources of axygen. These findings, how
ever do hot necemarily imply that the decrease i the axygen consumption b
nmply related to the rapidity wth which the bradyeardia develops. There
sre, as will be shawn, other arculatory modifications amocated with dvng
which are probably far more unportant than the bradycardia in terow of
oxygen smaving mechanums, hnowledge of the proper sumuhn reguired to
mduce the d ving bradysardha would very fikely comuibute rauch towards
an und qing of the fi of ths modst of phymologeeat
function
Considening the data on the aligator it sppeans from Fig 3 A that the
bradycardis shows a gradual develop Thn v ¢t stse of all the
urvoluatary submersons from which recording 1 ore made. Vesy Frequently
an mtal tachycardia was observed 5o these dives. The delay i the anset of
yme beadycardia pomnts towards arphyation as the stunul i foe the decreased
heart rate. On the other hand in most of the free dives, the bradycarda ap
pesred much mote rapudly (Fig 3B} qute oficn & low heart rate was estabe
luhed before the a phyxanon could be of ngmficance. This s mdwcated by
the ECG-recorcings obtmned n the resting state, for during regular beeathing
the albgator frequently held his breath for ntermuttent periods of 30 to %0
sec, and dunng thiy time no change In the EOG was nouced. In the seal, the
tradycardia foliows unmediately after submersion (Somoraxoer 1940) Thae
otservations may wnd cate that the bradycarda perfikps ft breught sbout BY
mﬂcxncdcnmmpamcmlhcmbm:rﬂmptmiblybyagmcﬂlmmuhﬁmd
the vagal center
There remasns, however :};cposnhﬂtyduttbebndyurd&numtl'ln
& prumary adjustment to diving but that it merely refects and compensatd
for sume other areulatory change which muy be the pundpal arculatory
modification. dunng diving This alternanve explanstion of the cume of e
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bradycardia will be taken up agaun during the ducammon of the arculatery
changa.

In order o serve a phynologral purpose, the obgect of the vanows adjust
ments exhibated during prolonged diving must, as has already been ephasized,
be to extend the perod of tme which the Imited storex of oxygen would nor
mally last, so that the aumal docs not perrsth. A fanctionally excellent solu
ton of this problem wouald be to thut off the blood rupply to some orguns and
tmnes which are not cnueally dependent upon a continuons, ample supply
of axygen. This would not only dirummh the total comsmmption of axygen per
urdt trme markedly but it would leave the oxygen for the more sensitre parts
of the organitm. There 1 strong cndence that such & mechankm doas operate
in the diving animah.

In Figs. 7 and B, the concentratiom of oxygen and lactic acld in the arteria)
blood bave been illmtrated 1n two dives of comparable kength. The dive i
hntrated 1n Fig 7 was quietly endored, whereas m the one shown m Fig 8,
the anmal struggled vigorously several times throughout the dming penod,
As a rault of thes difference 1n diving behaviour the lactic acsd concentration of
the blood rose to 130 mg % va. 430 mg 4, respectrvely in the post-diving penod.
During the drve, however only a comparatrvely small merease m the concentra-
ton of blood lactate was obwerved. In both dives the concentration of axygen
in the artenal blood dimimshed from 6—7 Vol % at the begmmng of the
dive to approxemately 2—3 Vol % just prior to emennon. The Joss of cxygen
was raped 10 the wutial part of the dives, aod It parallels & simflar depletion
of axygen in the lung axr (Fge. 10 and 12) However although the one dive
(Fig B) was so uncasily endured, as yudged by the stroggling of the amumal,
the rate with which the oxygen was lost from the hlood wax no greater than
1n the quret one. At the end of the dive the anmal which showed the high
degree of activity durirg diing daplayed & larger of oxygen
in the arterial blood than the other These two findings show that there s Little,
if any exchange of axygen and metabolites betwern the muscles and the dr
colating blood dunng dving 1.« the mwcular tuue 3 bot perfined. The
commcton of mmall artenes 10 the thigh was frequently observed dunng
Mm&wumwmmfmmmmwﬁm
findmgs fit well with the observation of SaoLaxpxz & . (1942) that the
myoglohin of scal mmda 1 completely reduced at an early stage of 2 dive
when the arteral blood & still half mtorated. Conndermg that the myo-
globin has & greater affimty for oxygen than hemoglobin has, the caly reason-
lhlccondunonlobednwn&omdtxﬁndmpu:gnmﬂntthnmmdam
not perfused while the anmmal was sobmerged When onc appreciates the
Lugcmuo(mmculnmummdiuh:ghntuo(uxymmmpmnvdn
active, the shut off of the I lation must be fred to con-
witut a most beneflcral regulation for the purpose of sparing oxygen 5o that
2 wbmernon may be micly extended Marcover It s very probable that the

-
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vasocomstriction involves other arculatory beds than the muscular oae, for
Irvieo et ol (1912) reported that the dimeter of the smaller arteres and
veins of the y gradually diminnhed during diving until they became
quite bloodlews in appearance, and the color of the gut {tseif showed cyanoss
of this organ shortly after submergence, Such a widespread vasoconstnction
implies & general increase m peripheral resistance. Tha b suggested by the
increanngly gentle slope of the descending Limb of the arterial blood pressure
curves in Fig 4 which relates to the dustolic phase of the carduc cycle, be
cause this observation indicates a retarded rate of emptying of the reservar
of the large arterler. A similar picture could, of course, have been obtalned if
the stroke volume increased much in order to keep the cardiac output constant.
This iy lews likely however slnce it calls for a dilatation of the heart up 10 13
times.

As 2 result of the suggested increase in the penipheral resdstance, one woald
expect & marked rie in the artenal blood proure as soon as the vemcls of the
various vascular beds mvolved start contricting That this actually happened
is clearly demonstrated in Fig 5 The systolic, duatolic and pulse presures
were consistently observed to wmcrease 60—~70 %, above resting level, Thi
makes it posnble that the bradycardla s reflexly imutlated In respomse to the
dreulatory adjustments leading to this elevation in the arterml blood presnure.
If this 1w 30 one is Jeft with the puzaling fact that in spite of the advancing full
in arterual blood presure throughout the remaning part of the dive, the brady
cardia permsts or u even developed further (Fig 3 A) There b one plaudble
explanatlon for this phenomenon, namely that the headycardla initally
atablished dther by the subwmersion ftself or 1n respomse to the elevated prev
sures, 13 mamtsined, and 1n some cases further developed by an incressing
degree of asphyxd but the pl of the is such that at the
present time a final answer to the causs and malntenance of the diving brady-
cardia cannot be provided

The hut off of the perfusion to the muscular tiwues permats evidently through-
out the dive, as by apparent from the lacuc aad pleture of the arterial blood.
Thuamformaphmdoubeauxhhwcﬂhmlhnmmulmd
lactic acld or carbon disode, decrease m the cxygen tension or & fll 1 pH
1u|dmrr\uthtmu-&ub,hnn:ecmrytopmmh\:tbax,thn(hcﬂcﬁ&
these Jocal vasodilators i overcome by same other factor presumably of nervous
or endocrine character How this s brought about is not known.

deumnﬂdnuxygml(omfarﬂwln'dnmdlhehﬂln.lmw
pnnciple required for the smfe extension of under water exposure would be
the abllity to utilize the oxygen stores to & very fugh degree and still max
tain u state of “uscful " Useful consci bay been defioed
to mean  that stats In which the individual remmns attenuve and i able ©
perform useful or purposcful acts  (HaLs 1948) In the crocodilians it seen
ﬁkﬂyﬁomthnrmctbodofumhlngprcythnthhtntmmmbedw
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vahue, for those antmak arc known to grasp ther vieton, pull hrm under water
to drown him, and then agan surface m order to feed.

Whereas man usually loses copsoomnen If the partial pressure of oxygen
1n the insprred aur falls bedon 60 mm Hg, winch corresponds to roughly 8V el o
at sea level, the alligator stays alert and will immediately sface when ths 3
made pomible, after a dive like the one In Fig 10, where the longs contuned
only 1 Val 4, of Oy, 1. 2 the partml peessare was only 7 nom Hg STPD At
first thought ane would expect to see th high degree of oxygen utileration
reflected m & corresponding incresse in the CO  concentration of the lung mr
and 1n corresponding changes in the content of cxygen and carbon diande
1n the arteral blood. The arterjal @ tenmon fell in accordance with the dimmath-
mg content of axygen m the lung air ay scen by companng Fig 10 wath Figx
6, 7 and 8. However the mme in the amount of CO 1 the lung ar v always
Jow durmng drving relative to the drop of the oxygen coatent, and the R for
the lung arr 1 for the main part of the dive lew than 0.3 which o shown in Fig
11 where the corresponding concentrationa of oxygen and carbon diomde
have been plotted agaimt each other This ntuation o still farther exaggerated
in the blood (Fig 6) where 1t sccms like the conceutration of CO  does not at
all merease after the 1nrtial mae dunng the finst 20 munutes of the dive. Hexe
t ought to be mentioned that whereas the analyzer used for the gas analyses
extily permuts detection of varianons of 4 0.02 ,, the instrument med for the
blood casbon dwadde » hrmted 10 accoracy to =1 4 Anyhow the rather
dow increase in the carbon dicorde content of the artertal blood and the alveolar
air thould not surpehe v coondenng that the CO  ean be stored and buffared
in the hving organism. In the fist place, the diviog allgator bas only a wmall
amount of stored oxygen from which carbon dioxide can be prodoced, and o
large fraction of the CO farmed i probably buffered 1n the tsoes,
mby;xﬁh:mthn-dgmﬁ:mfrmeﬁh:mdmndzﬁxm:dh
buffered m the tmees dunng sobm bas been i) verdied
lnlq\nlmmntylumwﬁanndyd'ﬂmdnmgduck(mwwb)
and there b no obvious reason to doubt the applicabllity of the observatom
discosed above to the alfigator

In accordance with the lactic ackd picture, the pH of the artermal hlood
thowed o largost drop 1n the recovery pertod (Fig 9) There 1 a concomtant
decrease in the blood coutent of GO to Lems than 30 %, of the normal valne which
mxy be seen from Fig 6. Thu o probably due to an expultion of carbon
dironde from the blood by the lactic sad,

The phywol 1 dgufi of the fan 1 od

di d fn
the previom sectons it 1o delay the exhaustion of the hmited axygen stores
of the diver It ramaim to be eval d how these adptm, Influence the
mate of energy boliem during sut
metabolism during divingmrcvuledbymcmeucunnnnpdmﬂ'umdw
lang arr In Fig 12, the aversgo axygen consumption n ml/min from thr store
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1 shown for suctessve period of 5 wun each throughout a dive lasting for
103 min. Dunng the last 63 min of thus drve, the average consurmption of
axygen {rom this store was 0.3 mifmn, or enly about 5 9/ of the corresponding
Egure for the prediving pertod 2t & temperature of 25 C. If the anscrobe
procena are gong 10 make up for the deficdt they will have to work at an
extremely high rate, The tota) metabolic rets during diving o most easly
revealed by the study of the oxygen debt incurred by companng the pre and
post-dive axygen conrumptions. A sample of four of theie cxperiments hat been
reported in Fig ISA, B Cand D In mmt of the expenments, the postdrve
excess Intake of oxygen did not cover the oxygen debt dunng dmog, The cne
extreme {s pictured in Fig. 13 C where there 1 only a very shght excen ntake
of cxygen. On the otber hand, 5t lly happened that the O p
tion after emernon was enormous (Fig §3 D) In such aaes however it scemed
Tike the O consumption was started at an entirely new level, and that it vas
manuuned continuatly at tus high rate for several hours, In the experuments
in which the excess uptake of oxygen after the dive did pot cover the anucrpated
axygen debt, the results mescapably imply & very marked decrease in the tota!
mate of eporgy metabolom dunng diving This finding 1 10 perfect agreement
with the olservations on the homowotharmue, diving anumals stodied (Scho-
taxoEr 1940 Axprrsex 1939 a)

The work rrparted m U peper wia cumed ot in the ahoratory of Dr P F SomoLuoot
t Scrrpps Loststion of Occanography Unbvenity of Californda, La Jolla, Califorsla. Jam ey
derphy indeitcd 1o Profows Bowirman v his et and critbeal mpervmon of Y
work. A ibe Lancrmty of Penmiybamm, Phitadeiplsla, 1 have benefited greatly from wusp
dncunmons of the protiem wib Drs H T Hawer, aod W 5 ) axaxoto.

Ammals wre obtawmed from the San Diegn Zoo through the courtery of Mr Crusus S
Carator of Repuiles, and for sows addrtioma) work at tbe Unrvenlty of Peanaybrasis, Dr 0.
Barvon kb lem me wame of tos ansoals

J The prowess paper has been extraceed from  dimeriaton submated 5 the Usheriy o
Penon lvama for the degree [ Doctor of

The wrc euos wat pepparied by research gramt, Office of Naral Rescarch, Comtract

N-cor 2716109 wnd by Gramt No. G-7476, \avonal Scrence Foundation.
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Ribonucleic Aad and Acid-Soluble Nacleotides
of the Early Chuck Blastoderm
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Abstract
Euaxtrisoy, H. fibsmine acid axd ard-sslxbly wuclotides of ta sarly
chick Mastedrrm. Acta phynol. scand. 1961 53 4657 — Prevsomanal-
ya o the nuddc and amtent of the embryp srea m arly dock

larnd been ded m conmrise abo the area opmea. The
FAA-vanatons m the htter are rominncent of those in the embryo
area, bat fram the | o0 thest RNA/DN\A-ratios are char
act differemt. The RN\A of the early blzsodorm bas been
smatyzed for o and alw  Limited soalys of
the aad-oluble nuclcotades has been mndertaken. The kxst-mentioned
frachon o by = bigh propornen of oradi-

e aods and aod-soluble mxcdcotda m the urmenbated ben ¥

In & previows orvestgation (Eaaxcrimox 1958) the anthor has thown that
dunng the early development of the chick embryo there occor
m the of rib lese actd and mucleotdes m the €22
tral part of the blastoderm, the embryo arca. These strilmg foctuations ¥
raturally grve e to the queston of whether smilar coaditions alo preral 2
the perpheral part of the blastoderm, L c. the arca opaea. Furthermore, ¢
may ask whether the recorded vartons are purely quanttate the radiaal
mapbnhg)cdnng\:mdrembrwdmmgdximmwipumdddﬁﬂq"
mmtnlgmdnlthumrchangumybemvdvedmlnkm“:
banngjcmupmnbacpvblmnngmmthcmpapumxdbﬂ'
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details shout the muckotde cantent of the exrly blastoderm. The ascount i
uppbnmwdwnhdau-h:ndmmutmdm-dd:mdmﬂmbdu
md’:mbqomlptmdtb:bm::gx,ﬁxcumﬂmnndﬂnw&.

Materfal and Metheds

mwh!wmlyhdbmnw(\»‘h!ul%mh«d)
lncuhiﬂmaflhctwnmmdm
73 C

mmﬁemtmudﬂxﬁmﬁrqg-u‘hmmdydkrduma-dlmmda

& more cxectty that fraction of the winte yolk which 1 cootaboed fn the mwclows of

Pander™

Tsalstyon of 1be rbonucle acd (RNA; m e arcs opeca, egp-white and yolk was
carred out &y earbier deacribed. m-mmbrmwhhhuwprr«m
NaCl after hydrolyss in K NeOH the ption of the RN A-moch

mtmvpbmmnlzmmpmdﬂunhummmdﬁrnh:h;beuﬁm
don shown by the bydrotvzed materfal s
‘mww;mmnmm&unmmmwm
bytkmmd:od(mbthw)bdutlhrudhpm
of the aad (DNA) of the ares opaca was sho made
umﬁadc-:nbu:l L ¢, after extraction whth 10 per cent v (U and removal of RNA
by bydrolyms in N ROH the shsarpoon of alcobol-preapitsted DA wxy determined

spectropbotometraaliy

Patraation of the DNA 10 opg-whits and yolk wae made acconiing to the Schamsdt
Thanohnner method vany the dipheoylsmine tosr, m quoted by Dncws (1955)
Owiog rle from other i the trchloroncedc acd
extract with the tesg, the latter wm % d with cb
the puckelc nckd dertranres in the exract,

Acidsotuble

mndeotides were extracted by bomogrnzmtion of the e matersad
mammhzummmxopumwmmm Alier repested

analywes of

sad. However befar the restment caracn yolk and egy white
bad 6ret 4o be filwered thyoogh Supercel. The aba was removed
wherrupon the micdeoddes were parified by adsarpion oo nore st pH1 After wathing
the pocite with denlied watrr the swcieotdet wert refemsed the pocke 3
separale ienes wrth  solution of 50 per cont ethasol 3 ml conc. mmmona
per 100 ml Thr method groes  watmineton alihough W M kncwn that of the

with
sancey (bases! and penmt ctmmaton of the 0ol amount of eudcotide-comtermal bee
Iongrng 1 aach

\\hmmmmﬁdmdwnﬂnwamam
erk wath the ¢y < wae -.N d mitetances,
rydrinpositree and with ab nimp.'nrn}na.ncud.cd
hmmwmhwumm
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Owing to the rmall amounts of nocleotider urally avallsble & more detalled qua-
tative and quantitative analysh of the membens of each group was conndered o uo-
cunlu-ndwucuuaqumuyumlnod.ludnecuuwbenldmdﬁudmo[x»pmn
nucleotde directly was requured the latter was bolated and identified by duomate-
graphing the semple two-dmersonally in propancl-concentrated  ammaorzs-water
(60.30 10) and satirated ammoninm nuiphate -opropancl-water (722 19) respectively

All chromatogranw In the present investigation have becn of the asxceading type xad
were made on Whatmnan No. | papers. When poetible they have abwars Incloded some
st of tostsubstance (urually RNA-hydrolymte) which was ron paralld with dx
sample 1 be anahyred. In the chromatograrms detection of the xpoh wat made in UV
Irght (max. emieion at 260 mu) The gpots were cluted over night with 0.1 A HG,
the different substances beng concloshely Jdentified and atimated by reading the
climte in spectrophotometer

The relative proportions of the different ruckeotde groups from the trchloroacetic
acid extract were 1n falrly good agrecment with that found eardler when ~~ a3 dascribed
0 an carber publication — lanthanum acetate was used to precipeate the onckotides

Th nucleotide analyses oo RNA refer to RNA hydrolysed in N KOH ¢ 37 Cfar
1 hour The alkahne hydrol way d with perchiovit 20d and aftes remonal
of D\A by predpitation with zadified sicohol ln final concentration of 70 per cent the
sample was partly evaporated in vacwo, hydrolyzad In N HQI and chrocwtographed 1
wwmmudHGmmudoaﬂ:-dahmluwimnpm«d
neceaatary firm to purify the RNA-audcotrdes by norite adsorption (see abore) before
the hydrohsis in HCL Detection, sentification end estimation of the products of rydio-
yaia in the ch were perf; das Thed for the scrd-soluhle nockotides

Sugar analyss of the wiste yolk wa made according 1o the phloroglucol method of
v Eoiex and Hamx (1946) The beorphon of the reulting colared solution was rosd
in speetrophotooscter st 422 my togetber with glucose standards

anehan of the white yolk was made scrording to Bosmoooray and Fasuisscs
(1933)

The cultivation of anbryo crplants has been desaibed prenomly (Exasxummod
1938) Here eboukd only be mentioned that oo culture medium corbets amply o
chicken-Ringer to which has been sdded sgar-agar + glucose. After 24 hoan Incbe
ton oa thih medium aplents sthow poor growth but creellent differentsation.

Results

RNA of e Arra Opaxce

Analyss of the vhale chick blastoderm reveals that not only the embryy eret
but abo the area opaca around lumbjmdlocwmdaxblechnngﬂ‘ﬂlb‘
cellular concentrasion of RNAL

For the embryo arca t was earlier demonstrated that dunng the first 60 bourt
of development the RNA/DNA-guonent ranges between 2,5 and 10

It 1 now found (after anlyws of the arex opace from various deveboposenta!
stagey between 0 and 60 hours of meubation) that alo within the area opact
there cxsta & mmilar varation, the valucs rangmg between 3 and 10 The Jow
values (3—4) for the latter reguon are attmned at about the 10-hour and ¢
20-hourtage rapectively At other stages the values are mostly high
8) and it B espeaally poted that from the 35-hour-stage until the 60-houf
stage the RAA/DNA level lhes fixed at the valuo 8. On the two occadast whet
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Toble I RNA compustiion of surly chick bHustederms
Singe of Part of biarioderm. Molar proportons G+U Pu

dcvlopmertt A Pl a u lG/C AtC Py

0 hoon  Whole Bisstoderm. 100 121 108 70 L2 0m 1M

18 hours  Embryo wra mo 147 10 &7 1M 1 Ll

18 hom*  Embryo arem 180 102 105 54 06 0 101
Arca opwca 100 136 187 116 10 I om

24 ooy Embxyo area 100 1535 140 120 131 LIS 053
Aren opeca. 100 132 134 s 113 115 101

18424 houn?  Explanted embxyo sres 160 143 133 s 1@ L2 098
48 houn  Embryo arem 100 185 132 90 115 110 LIS
Arca opaca. 100 118 110 LI ¢4 1M 135

72 houn  \Whele bisvoderm. 00 183 123 105 145 L9 126

Abbreviations med A = ademylic ackl, G = goaylic add, G = eytidylic ackd, U = aridylle
and, Fu = porios, Fy =

Cooled for § deyt ot + 7 Q

18-hor-embeyon cutrratnd for 24 hows B vitro

the quotient drops to its lowest values for the area opaca, marked decreases sre
210 met with 1 the embryo reguon. Otherwise it b apparent that dunng the in-

4 pensod of development the two parts of the blastoderm show fimds.
mmﬂydyﬁc—unmd:ufdcw)opmmtnmgudsﬂmRJ\AJDNqu\mcLu
the embryo regron it is gradually decreanng to a low level, in the sres oprca
it b fimally stabilized at a high level. From the 10-hour-stage on thn difference
B quite obvicos.

No atterapts have yet been made by the suthor to estimate the amonnt of
DNA per cell m the area opaca. However a3 t b been fomd for the embryo
area that the DNA~ontent dunng the finst 24 hours will reach vahres twice
the amount which u recorded after that penod (Esrartrrmon 1961) it m not
excluded that at the same stages of development theve 5 a dmilar variation n
DNA~content 1n the arex opaca 100, Consequently 1t cannot be defimtcly argued
that the RNA/DNA~quatent of the ares apaca truly seflects the sverage amount
of RNA per cell, but even if t were cabculated with the aforesaid DNA-
clmnges in this region 100, the RNA varmtion duning the firt 30 houns would
neverthelom be appreciable.

Berder 4 normal vatiation in the RNA/DNA-guonent in the biastoderm cell
it i3 found that for carly stages (10-20 hours of development) interruption of incu-
hnunnwh@nlmdylnpmgru-wiﬂmnladmndeamdth:nmzqmnmt
both in th embryo regon and tho area opaca. The condinon was obeerved
when nrestguting the formation of ankdmn blastodarms, i e, hlastoderms 1o
whkhth:mbqnmnmureaflmdcgmﬂnndbunhcmugm(uuowm)
sill conunuves to develop cmentally nocmally Thh
4813015 Acta phymel. scand Vol 53

may be
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evoked of during the earhiest development the eggs are cooled down and keptat
—3 C for some days and then are reincubated at normal temp (+37.5
C) {Gropzhox: 1934) A lem drastic treatment, invating cooling for same
days at + 2 G, has been found to cause morpholegic duturbances of only &
minor part of the treated embryos duning the continued Incubaton. The cyto-
logic disturbances, however are common m all the cmbryos, mainly reflected
in b ity ded anapl 1

Now blochemical analyus of this embryo matenal (18 hoor blastodermns,
cooled for 5 days at + 2° C) thows that RNA/DNA-quotients as compared
with the mitial conditions before cooling have decrrased with 29 8 per cent (am-
bryo area) and 24 per cent {(area opaca) Even If about half this decrease must
be ascribed to DNA synthems taking place dunng cooling of the g, the other
half undubitably represents a real Jom of RNA, wiuch may be estimated to be
tween 5 and 10 per cent of the total RNA-content 1n each region. In the embeyo
area a 14 per cent increase of the normal level of free nucleotides was mmal-
tancouly regmtered Qualitative changes of RNA have also been recorded for
the cooled blastoderrms (Table I)

Auclretids Comepostison of RNA from Eerly Chuck Blastoderms

The analytic dam are amembled 1n Table 1 For each stage they repraent
average values from 4—6 separate analyses, each comprsing material from
50—200 blastodermm. They have all been in close agrecment.

In the umicubated blastoderm there are still no differences in RNA-compos-
tion between the central embryo area and the penpheral area opaca. Ithy to be
noted, bowever that at thus stage, when developement 1 at a standstl, cven If
mitotie actvity » not altogether lacking the proportions between the RNA-

)nud:oudc- are markedly different from what are found in more advanced
7 stages in active growth.

When mcubanon has started a alight but scarcely ngnificant dufference in
RNA-compontion between the two actual regions of the blastoderm is indk-
ated after 24 hours. After an additonal 24 boury the difference is clearly pro-
nounced, the Pu/Py ration bang markedly disamibar A comman feature fof
both regions durmg the course of development 1 the gradually ncressng peo
pora n of guanylic acd 1n the RNA.

Gouxmpccncnddwfoundnndmdcnuaw:ﬂdndm:caﬂm@m
tiea in therr vanaton which remsonably thould have conncction with actual
conditions of cell-multiphcatron prevailing in the analyzed regiom. In the pre
sent case it srems to the author that of the molar relabonshups included, the
G/C-matio L e. the relanon between guanyhe and cytdyhe acud, most siriks
ingly reflects the mit tic achvity in the imvestigated material. Thus hugh valuet
of thn rat:o apparently correspond to high mitoue activity wbzrwlow“ls
denote the revense conditlon. The observed connection 1 clearly fodica
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Table 11 Acidemivkia muconvies of sariy chick basimderms

Sage of Purt of baenders Hudoatide compostion
Sereopmens (a5 ey per 100 mckey mocieotade)
A G L+ u
? beary Wholer blwstoderma. 474 80 wa HY
24 hom Eubryo asen FLv: LY 143 no
TWhoke blastadersa. a2 a7 a7 74
48 hoory Whoke bactoders. 638 168 52 ny
72 hows Ares. opaca 16 s 5 21
Whole Restoderm. E A 193 15 153

Abbrevintions teed A = adotior mackotkie, G = guanios weckeotides, C w oywstoc
sockeotides, U w arself sunlentides

by the amalyue values obtamed fram ordmary 18-hour-tmbeyos snd 18-hour
embryos cuttivated 10 vitte o8 & poor culture medium totally Iackieg m proteins.
The former cmbryos show & high muotic mdex, lugher e.g thanm the rucoeed-
ing more sdvanced 24-hour—wbaye vrbm:n m the :xphxm the POl Be
thity = Jow afer 24 houn Jexs & AefEe
hnoocsrmémdmnwh:chnmrhcqnnﬂmtmthnmwml embryos of’
correrponding age.

Except for the 72 hour-blastod: wwated matenix] has shown &
tomposton of the RNA -hachi:mfn.r}ygwd-grm( with “Chaygafl’™s
ruke” 1e, the bases with G-ammo groups and those wath 6-ke2 groups ocoar
11 appronmatinely egual aroounts (Eusox and Caancarr 1953)

Aod-Selwble \uclestsdes [ the Early Chock Blassederss

Fhe anthor has eatizer reported the occmrrence of & varymyg level of frer nuc
l:mudumdnwkyduckem\nulnthemimmgnmnmmqmw
e hups for these sl e P which fusnuh ay least a
mhm&uﬂxmmﬂmm&cwbd@&mﬁmhp«
chromatograpby has i all caves been the method of analyms. It o obviows that
wo-cxchange chromatography would hae been preferable, bast owang to the
difficultses 10 collectng wufbiorent matenal for that type of snslyns ¢ had o be
left out of conrderation.

Anslyms of tachlormecetie scrd exoracts from esrly Bactodermy reveals the
cectrrence m them of nucleotdes chich arc dermatives of aden oe, guanine,
evinem  wnd uracil. The relative of these sre goven 1 Table 11
Each siage o representedt by a1 keast 4 separate deterpmmanons, which s have
been 1 good kyrecment. In fact vacer of thymume denvaties were alic ob-
werved n the extracts from the 24-bour blsstodernm,

When reading the @able 1 thould be abrerved that the proparton of cytonne

-
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denvatives stated here is appronmative only and presurmbly too high, Further
more, it should be stated that it has been imponible to obtain the earfy blasto-
derms free from adhening yolk granula. These yolk granula together with al-
ready absorbed, intracellular yolk material will obviomly constutute » factor of
dilution. As will be shown below the yolk gramula are characterized by o
comparatvely high amount of uracil nucleotides, so there s reason to suppose
that the lugh values for the uracil devvates, stated 1n Table IT to a catam ex
tent refer to extra and intra cellular yolk (and prenmably also absorbed egg-
wiite) material. If that asumption holds true, the values in Table IT suggest
higher relatve amount of yolk matenal in the earliest developmental stages,
moreover they would indicate more yolk granula in the area opaca thaninthe
cmbryo area Both condutions were confirmed on cyiologic exammation.

Of the remaining groups of nuckotdes included in The Table 1T npamely
the adenine denvatives and the guanine denvatves, the former are quanntat-
vely dominating The absol aro of lew mterest In the present cax,
beanng in mund the posnble vanation 1 the amount of yolk present 1o early
blastoderma, yet it appeans that for both the 48-hour and the 72 hourstage
the ation of adenine leotdes 15 comparatively nmilar correspond-
ing to ¢ 110 #M adeninef100 g wet waght. For carlier steges the concentra-
non of ademne denvatives 1s apparently higher

As for the mutual relation between the two last mentioned groups of oucko-
tides 1t 15 of intevest to record that the lowest proportion of guanine denvatres
s met with i the 0-hour-blastoderm, the lughest 1n the 48-hour blastoderm-
Thus a recmblance to the varatons of the G/A-ratio for RNA from the sme
developmental stages o evident. The analytic data for normal §8-bour embryos
and 18-hour embryos cultvated 1n vitro are partly incomplete, but they beve

\,)ncvmhdennhnwndut-holhaclugcfoUowlhcnm:pamnvdlhfﬂPﬂd
S

to the acd-soluble adenine and guanine derivatves.

Nuclow Actd exd And-Selubls Nucleotrdes 1n Egg-IWhite end Tolt

When dealing with problems connected with the synthes:s of nucleic aads 2
the developang chick embryo t shoald not be forgotten that fn the
nal parts of the bmncm;Lbcmum&dangnfnmgmou.ntd'uudmlﬂd’
and n ckotides. The role of these 1 the development of the chick embrye it
however still poorly understood.

Fraoveer—Conar et al (1951) were the fint m exobluh definitely the
occurrence of DNA-protan 1n the egg-wiute of the hen s egg Later anabppes b7
SoLosoy (1937) have demonstrated the occurrence of DNA and RNA, both
10 egg white and yolk. As owing to ligh proten-contamnation io combisatot
uﬂhhrgeutnﬂvohmm,lheprcwmnamlysaoﬁhgprw-ulhﬂ'ﬁﬂ@dm
p‘w‘:ﬂ:r.ddinlmcxnlmceofDNAmL}lcyvlkaflbehmlcgg,lrunvﬂﬂ!'u:
hxdoﬂolhamﬂhodsdm}yﬂ:hubcmmlﬂcu{dmuud:kwdcm@“x
u;crgg\-wlntcmdtheyolk.'l'bcvnluugivmmT;b!c!IIwu'el.rﬁvvd"
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Table [T Nuclois acid comdot end acid-sluble mulmtudes of th waincubabed Hen 5 gy

Avorage woights egg-mhie Bg  Aodsieile bt
ol s Nockntide composkian
(e ks per 100 mokes awclentadc)
Vicksle sl ot DNA RNA A ] u
Egzter IS0pg Opy  Egeskhe Al WA Gl
Yolk (bsstoderm removed) 04y S0pg  Yolk 8 41 50

Akt amonty of wracl mdentides cpg-whlts ¢ 1.5 pA1/100 g yolk ¢ G5 4M/100 g
Abbroyintions teed ser Tabic TT

unincubated hen  eggy. The figures are 1o tokerabl with Sol »
resht, but they are samewhat lower throughout. Bendes an obvious varmtion
1n the DNA-content of the yolk (- 20 per cemt) of the mvestigated eggy, it was
found that the DNA nnat but oceery i notably higher con-
centraton (10—13 times higher) in the white yulk, bcated directly under the
developing blastodarm, Other pualyses further revealed that ealeulated per wnlt
of nitrogen the sugar comtent of this wiute yolk = sppreciably higher than m
the yellow yolk (1 07 ug/pg nitrogen agrmst 0,76 gg/sg nitrogen, in both cass
calculated s glocose)

Concerning the DNA of the entire egg-whnte the present anthor has registered
an apparently sgnificant decremse already dunng th fiot day of meubation.
The decrease which n alightly fugher than that recorded duning the second day
of meubaboa smotunts to 10 per cent of the whale DNA~content.

Invangation of the nucteotrde content of the extraembryonal pagts of the
hen s egg has been made on smilar lnes as for th blastoderms, L e, asan aml-
v of the proportioms of the princrpal types of pucleotides. The yalees are
gven wn Table ITL Cytasmne nucleotdey are not meluded in the table o3 the
recorded amounts are quite inmgmficant.

Scparate analyns of the nuclcotide content of the white yolk mdicates much
Tagher of adenme nucleotides than in the yellow yolk and & dom-
mance of ademne nockeotsdes orer guanme nuctestides which 1 quite different
from the conditons which prevail m the yolk as a whole. The greater part of the
adenine oucleotide fraction b composed of ATP

Discussion

Changarofth RNA/DNA-quotent in the ares opaca of the earty chuk blartn.
derm at about the samc tune s the occurrence of rather slmilar changes in the
emixyo aren bear evidence of a fardy mmilar character of growth in both the
reglona, From the 10-hour-stage on, however it s clear that the ratio 1n queation
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is constantly higher in the aren opaca. This condition together wath the fact
that the peniods with decreased RNA/DNA-ratios apparently are not quite
synchronous for the two areas will explain the fact that atready during the fint
30 bowrs of incubation umportant rano-differences may octur at certadn stages,
€. g the 18-howrsmage. A mare declded deviation 15 otherwise not cvident untl
the second day of mcobaton,

For the 18-hour-stage the ratios mn fact indleate 2 RNA concentration in the
area opaca about twice as lugh a1 that 1n the rest of the blastoderm. It seers
probable that the different senntivity towards external disturbances which at
this stage 13 duplayed by the two repions i1 connected with these mto-daffer
ences. From the author’s expeniments it s obvious that factors whuch affect RNA
synthesn of the embryo cells, &, g extreme temperatures, added steroids ete,
have a more pronounced effect upon the embryo arca than upon the ares opaca.
The roultung effect may then be ather morphologic dishorbances or intrs-
cellular changes, visible as ch daturbancos

The lack of a functiomng vascular system for the rapdly thickerrng embryonal
area will posably place the nutrition — and wath that also the ability to RNA
synthess — 1n a more exposed pomition for that reguon in the more perpheral
parts there i still intimate contact with the underlying food reserves. The de
cremse of the RNA/DNA-ratio n bl derms in which inent is Interrupted
by ind RNA-defl a3 a plausibl Quse in the foarmanca of
amdian blastoderms. In these the degenaative changes — a3 mentioned —
affect the embryo region but not the area opaca, at least pot the outer part
thereol Even 1f now both the actual regrons of the chick blastoderm will show
2 RNA-decreme duning cooling, 1t sccmy probable that just the cells of the
cmbryo area with ther markedly lower RNA/DNA rata, will sooner reach 2
relation between RNA and DNA which 1 no longer conssteat with normal
growth and differentiation at the stage 1n quastion,

Th:dunnnmu:cfth:-dcmncmdcymnmcumponmu,nhmmbythﬂm
dﬂwmbrwuumd!hcuaopaa,blpp‘rmﬂylmmmmfﬂmh
RNA of anumal tisues (Manasaax 1955) On the whole the ratica for the
components reflect about the same pattern vhuch aceording to the Latter authoe
u found for chicken hver mamely A G C U =100 171 136 108
The ranos repocted for RNA from 48- and 72 hours-blastoderms are, howeve!
markedly different from values obtained for RNA olated from the area opach
of 40—60-hour blastoderms by Kirby's phenol method (Emanuehson 1960)
The followang ranos were thenfound & G G U= 100 228 163 132
Even f the present analyses do not refer to exactly that stage, a corparison o7
yet be drawn which thows that the last menfoned valucs indicated & baghef
GJA-Tatio (2.28 against 1.58) and & kower Pu/Py-rano (1 02 against 1.35) a2
found here for practucally eqmvalent material

Now t i1 & wellknown fact that RNA-preparations bolated by differeat pr-
cedures vary greatly in compontion (MAgasaax 1958) and it has just bees
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shown by Yamara and Swmatada (1960) and Smataxa et al (1960) that
phenolreleased RNA does not represent the total RNA-contrnt of a tisue
but & major fracton thereof, metabolically litde actve and with = high
guanylic acid content. It ls proumably syntheszed at about the same rate ax
DNA, 1. ¢, dupheated only once during the mutotic cyele. Left behund 1n the
pbenol phxse — and thus actually mimed in the nolanon procedure — there
remars a metabolically active RNA-fraction with low guanylic acd con-
tent.

The varying guanylic acid content of the RNA ecorded for the blastoderms
here in Table 1 seerm quite with the ption of two bolicalk;
different clames of RNA. The increanng guanylic acid ratio of the more ad-
vanced stages indicates a dummhbed proportion of metabobically setve RNA
whuch Is Jout to be expected, beanng in mund the decreasing rate of cefl-nrultph-
catwon and the proceedmg cell-dufferentation.

Abo the variatiom of the G{C-ratio with the actual state of cell- multiplication
in the embryo are now more clanfied, bat it 1x chviows that a definte evaluation
of ths matio cannot be made untll complete data about the compontion of the
two classes of RNA are available. et t will seem from the amalytic alues re-
ported by Smataa et al. (1960) that the higher G/Cratio Is shovn by the
metabolically lew active RNAL

Far the area opaca an interpretatson of the present analytic values in accord
ance w th the suggestiom proposed above would sogpest lugher mutotic actmity
and lngher proportion of metabolicaily actrve RNA than in the sdhering em-

bryo arex, [t seemm very likely that thu i1 in confermuty with the actual conds
tom.

The ahaolute amount of sexd-soluble nuck and the prevailing rel.
berween adaune and guanine rucleotdes found 18 the present mvestigation
corrapond furly well to data arnved at for rapidly growing ammal cwue
{Sauxxovex 1936) The brgh proportion of uracl darvatrees 1, howerer &
special chaructenistic of the carly blastoderm and o reasonably amocuated with
the presence of uracil derrvatives in the egg-whate and the yolk. In 15-day-old
chack embryos the proportion of uracil derivatives among the acd-soluble mo-
deotdes o apparently much bower (fu and Woorex 1955) It » generally
scknowledged that the avian Liver o nch in uracl! compounds. However 1 the
present casc 1t thould be especially panted out that STaosrxara (1954, 1935)
has balated from the ben s oviduct sevaral types of undine and guanonne no-
hexides, representatves of the two groups, which dominate m the cgg
white and the yolk In the chromatogranns of the owduct extract the former
group was dommanng, it smounted to ¢. 0.3 gM/g twue.
Omprn:mknowkdgcoflhzmkafthcmdmcnmdmddulhmlhnnhzy
mﬁmtuip:nmmmmﬂunmmdﬂmtm
potnds an besns of pol hand

¥

It secrms ble to sapmme a
o conneetion between the lngh amount of uracil derr anves m early blasto-
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derms and the establuhed condition (SeraTT 1951) that carbohydrates is the
maun souree of energy for the chick embryo dunng the first four dayy of incuba-
tion. In thus connection should aho be emphaured the peculianty that the very
structure of the yolk — with the white yolk chose up to the blastoderm — has
abwiowly secured the embryo a direct rupply of exergy nich phosphate and aar
bohydrate for the earliest development.

The intense pm{dn—:ynlhuu ln ﬂlc urly blastoderm explaim the high
amount of cytost as ding to our prasent knowl-
Cdgt(HnAGLAlI)lQGG) bothtypuphylnen:mh]rﬂl:mpmtdnq—ntbm
The observed smilantics in varaton between RNA and the nucleobde
fraction with respect to the aderune/guaminesato permits the amumption of
a closc coanexion between the acd-woluble nucdentdes and RNA. That
nucleotides may act a3 precursors In nuclec ackd synthens is actially venfied
in recent uvestigations cf. e. g Kmorana (1960)

At the same time 1t should be realized that part of the nucleotides in the
blastoderm evidently emanate fram nucleic acd degradation, Even if decoor
position of nuclerc acds of the embryo dumng the isolation procedures 1 not
very likely the very presence of nuclac aads both in egg-whit and yolk and
the evident nbonuclense-actinty 1 the blastoderm — indicated by the RNA
decrease in the cooled embryos — favors such & view Also the amd decreas
of the DNA of the egg white during the first day of incubaton and the ob-
sarvaton of traces of thymme-dervativesin the nucleotide fraction of the 1-day-
blastoderm grve further support for the ammption of degradation of extrs
embryonal nuclelc aad dunng the earliest development.

For the ademine DDC]CDCIdﬂ ﬁmlly the absence of details about proportions
of individual adenine tly ADP and ATP vhich mght have
given nformation about energy conditions 10 the embryo cells, leaver Gttle
more to be stated about them here than a recogmuon of the fact that they are
mdupmablemth:pmmn:ynthcm.ﬂmchlghpmpoﬂbuu[ATPmez'Hﬂ
yolk reveals a marked deumilanty mn nucleotide content between the two typet
of yolk, the white yolk bang more 1n accordance with conditrons m ordinary
anumal cells. Here should be mentroned that there exst distinet dafferencet 18
amuno aad content too between the vhite and the yellow yolk (Scanmed®
1951)

The suthor wrshes to xrem bis gratitade to Profowor 1 ax Aguars, Head of the Zooghys
logical Imtrtute, Lumd, for b encoursgement and luterent ln tho work.

Firancial sopport has been obtained from Riogliga Friograika Sillskapet, Lisd, s ¢
Swodwh N tural 8oence Reowearch Coundil.
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Bilirubin, Alkaline Phosphatase and Transami in
Blood and Lymph doring Biliary Obstruction
in the Cat
By

Anwx Carieren Yrove Entuso and Orav Trovesin
Recotved 25 Aped 1961

Abstract

Caxusrog, A Y Escumd and O Trunamus. Siloudix, eilalon phae-
Halast end trammrass n Hoed and [yoph dwring inlioy chiirstvs m
the cd Acta physol acand. 196 53 58—67 ~~ The wechanmm
of hyperbhirutanemus and enxyme disnurbances in acut hiliary stasis
have been nudwrd experimentally n the eat. Ohstruction of thie com-
mon babe duct (1) and retrograde 1 fusson of BSP and bilimbes solu-
tion (I into the commmon bile duct towsrds the lver t prowares
exceeding the maximal secretory hevel wia priformed. From these

veint and the bver lympt The rolo of the lymphtic patways to the
Frmmulaton of bike products scems (o be minimal (2) The mefn
aliafine phosphatese actvity m Ivinph and blood sdter biliary stesd
n only moderate n the cat, (3) After hilary staan there n siguificant
mcresse D tranewmumase sctivity {o both blood end hyroph.

Alreadv 1 1795 Saumwras reported the appesrance of bile anged hqusd
in lymph venels from the hver Later studies confirmed these stmervations and
claimed that the mam h respomsible for the develop of obsire
tive Jaundxce commicd of & pramary regurgtation of bike to the fver tymph
veneh from which the tale products reached th bbodamhuwewg
duct (Mavo and Grrmxe 1979 Suwarmorr Doumier and Ruoomao S

58



STLIRUSTY TX BLOOD AXD LYMFIL 59

Bl
m

ploed yp. 7
Lymen’ 77

ttoad
ymhn

obstruction of tooimon bile duct
e 1 ook o s T v oare st o sorction ¢

SArDOPF o ol 1942, 1944 MALiEr-Gur of o, 1959) According to others bile
products may reach the blood cireulanon either directly within the Irver through
radicles of the hepatic vean (Haxzow 1952, Bravix, Leoxa and Horrowav
1954) or mamly by the way of ymphatee pathways (BLoos 1923 Goxavss-
Oppoo 1946) These investrgators were of the opinion that bilirubin sppeared
fint In the lymph and later in the blood Rrrcinr, Gaooray and Borrwaw
(1956) studied the mechanlsm with Liver Iymph fistulae in tramned dogr. They
prosented evidence showing that “regurpitation  of bulirubm into the liver
lymph after acute obatroctron of the common bile duct was limited to the first
24 hours after omset of ohstruction.

The purpose of this study was to evaluate the onre relanonship of the ap-
pearance of bile products in blood and lymph durmg the initial phase of hiliary
stash in the cat. Morcover we have been ntereued o the pathways of som
enzvmes related o cute obstruction of the common bile duet.

Material and Mrethods
Siciern bealthy male aod femake cats rangiog m werght from 2 10 5 kg were med in
thns study  The anmmals were anacithenred » th ether followed by miravenows chlor
akise — Urethan (50 mg and 100 mg respectively per kg body werght) The tharacic duct
was camnalated withm the thorax usng  plastic tube and the hmph coltected @ bep-

mmxzdt:umbuude-aﬂxdby&mw(l%)mmmhuuk-mn
q'mn'd-mﬁc-l iration wihich was ed by pusp-resp to

1 cxperhnmnhbodnmplahmobnhrdb’wnlhtfmﬂvﬂnnndinum
series aleo from Lhe fomoral artery and the bepate vem. The blood smpla were aken
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through an indwelling polyethylenc catheter Samplar from the hepatic yom were ob-
tained by ap urcteral aathrier which wa tnserted from the rght externsl Jugubar von-
The proper podtion of the cathcter was checked by direct Lospecton from (he abdoaen
where the coloured catheter eanlly was vieibe within 2 bepatc vein at the iver out-
flow Blood and fymph mmples were collected sfroultaneouly at different intervale

In all expenments the cystic duct of the gallbladder was thed befort Hyatian of ean
rmulation of the commaon bile duct.

Ementially 2 types of expeniménta were

Tope I Laguinag of the distal part of the common hile duct near the duodenal xall

Ty IL Cannulstdon of the common bile duct (sfter Ligatian of the dutal part) wih
2 plastlc cathetry coanecied o an infuson spstem which coukd be adapted to & tos~
stant hydrastathe pressure level. By th arrangement billrutan sohation (3 %, Merdk

)md of bue caleutl from swine) or milbbromophtalein (RSP) (5 %) could be iniikd st
different presaures (800450 mm H,0)

Chomcal eaeyses Drrect and fndirect resctmg bilirubin was estimated by the mothed
of Jevorasx and Curanoan (1936) and Jexoxascx and Grow (1936) Alkaline poor
phatasm actvity ws determined accordimg to the technique of Bocu and Buost (1399
ylutard 1 fc acd (Go’r)lﬂdlim]cpyru\fkmnw
{GTF) according to Kawsar, Wromrwoa and LaDox (1935) Sutihromophiateit

(Bﬁﬂ)mmummammbdwumwdwmmmdw
(1957

Results

Inmﬁrnupunmmubloodnmplumobumadﬁunboﬂipfﬁw
vemles (femoral artery and ven) a3 well as from the hepatic vein. In P
ments according to type I (liganon of the common bile duct) no sgnbcst
dlﬁmmbkmdmnmmmmdbﬂnuhinlndmymmﬂdbﬂw
1n smples from penpheral or central blood. Onlyalighdyhla"ﬂwh;
tioms of biliruben (Fig 1) and BSP could be observed Er°°;
hepatic van 1 the mfusion expenments within the first perfod of 30 min e
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1) Later the samo concentrations were observed in perpheral and central
blood.

The lymph-flow per bour from the thoradce duct ranged from 1 4—38 6 ml/kg
of body waght (mean 2.9 ml/kg) No incresse of the lymph-faw values coald

Thy was found to bo 280350 nmm H,O

A, Stwdies sn Bilirwion Comcoxtratien

T I Four experiments were performed wn this group with occhoson of the
common bile duct Blood from the frmoral artery and thoraac duct lymph was
analysed with respect to toal iirobin. The roulty of two typcal experments
are shown in Fig 1 The bilirubun values showed a alight inerease in blood
and lymph during the firt hour of blhary stasis in all 4 anmals. Therenpon
followed # marked increase in the hilirabin concentraton of the tymph, In
the blood the bilruban level Increased oaly slowly and reached valoas out
ranging the normal (two tandard devl above the normal
mean value) one hour after the omet of biliary staps,
Tipe I In tos series 3 experiments were performed with infusdon of bii-
rubin sfution into the common Wle duct. Two of these are shown in Fig 1
In 2 animals the hiflrubin eoacentration m blood (from femocal artery and
bepatic vein) incressed markedly already | mnate after the infomen vas
sarted. In the tiord & dgnifl rme m blood co coald be thoevn
o sppear 35 min afiter the onset of infumon, The result of thw expermment as
well a1 one cample with the short ppearance time are plotted In Fig 1 In
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4 GOT-actrvity in_permpberat blowd and lympb aficr obetrixction of commen bl dut
nmd-ﬁ-mw;rmf T1) of bulivisben (2) and BSPchution (1). Arrow mdicass enct
o

only anc expenment the lymph flow was sufficent to obtan repented moplts
at thoct tntervals In this mstance & sharp nise of the bilimban concentration B
the lymph was observed at 5 minutes after the onset of infumon, Aho in thee
expenments lymph aluwayy ded blood values markedly

)
B Jxfugmn of BSP

Inlhugmup4:rpcm:msmwcremldc\’h.hlnfustcuofs——fmnﬂoﬂasP
sohuron at & coostant presure of 450 mm H O (see Fig 2) e soceeded 2
gﬂrquntcdlymphumplun;boﬁmrmh‘ubmlheﬁ:ﬂﬁwmm
m two nsmnces. In one expenment only hlood from the femorsl areery
hepanc van was collected Alrend) :hzﬁmbloodWm:hdnwﬂw
1—2 mn conuuned measumable amount of BSP lnthcl)mplzBSPcw-Hhc
deiccted after 4—7 mun. After the first  peak values 1n bood and hympb U
c u the subseg; pertoch dechined the lymph conceatrabo?
always ranuning hughest

C. Shefics ea Engyme Achinrly

lkalree phasphaiase In expenments nth nmplcﬂg!uwdtbcaﬂmmh?;
durt {type J) the alkaline pbosphatase activiry hows an even more a3
mwcmbloodnndxymphmmwcdmmmmwunmmAmwﬂﬂ“
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Teble I Bilirwhis, allaline Musphatew, GOT and GPT tu bioed and ogph in 10 ommals
icfore biliary shstracton (mean colwes - stamderd deciation)

Beflruten AlcaNme GoT arr
(cogf100 o) Phombatam  (emin) =)
Toul Dhrect
Blood 0121004 | 00702 | 23x1s s+ 215
Lyoph Q12007 | oodzoe? | 29%18 QL Ht 7

rise of phosphatase activity m lymph appeanng after 3 1/2 hours with lower
vnluuinlh:blood.ln:zpcrhnmuwid:mfmonoﬂiumhnwluﬂonurBSP
{type 1) the risc of alkaline phosph activity appeared carfier
mlh:lymphknonecq)n’tmcm(mcl’ig 3)

GOT In experiments performed according to type I a alight rise in GOT
actrvity conld be olmerved in lymph and blood during 5 hours after bilwry
obstruction. Intrabiliary infimzon with BSP or bilrubin was after a short mter
val followed by a markedly increased GOT acth ty (withun 35 mm (Fig 4))
When suffident amounts of lymph eould be obtamed also GPT-actvity was
d d. In these actnty curves followed tho sme pattern
= GOT only at slightly Jower levels.

Discussien

Bilrubin & transpocted in the hlood to the hver winch excretes the pig-
ment in bile. Passage through the liver produces same change in the pigment
winch s detectable by the direct van den Bergh reaction. The difference be
tween direct and indirect reacting bilrubun 1 doe to the comugation of Lipsd-
soluble hilirutan (Indirect reacting) with gluauronic acd to water-scluble
bilirubmn-diglucuromde (direct reacting}) Both direct and indirect reachng
talrubin were found to be pormal comstrtucnn of thoraae duct lymph (sce
Table T} 30 % of which n derrved from the lver (Momans 1956, Rrramx
Ganwmray and Barisax 1959) The water soluble bilirubin-glucuromde peob~
ably reaches the lymph 1n the portal canals by diffusion from bude durcts which,

to BoLisax (1951) are nchly sourrounded by anastomonng net
works of lymph venmels, morcover hilirubin-glecoromd  and the hilirubin-
albumin complex can pam to the lymph via the penncapllary spaces (Fig 5)
Under condibons of buiary obstruction there s a nocestve rise of bilary
premure which gradually interferes with the pamage f bl comutwenn from
blood to the hepance eell ( retention™ of indmrect reaching bilirubin) and from
the cell to bile aanaliculi. In spite of the increased pressure gradient there n
will a Limited wramfer of bilruhun into the hepatic cells and to adjacent bike
capillarics and back to the pericapillary space and sinmouds «. g to lymph
and blood (“regurgitation” of direct reacting bdirubin) (Baavmn of of 1954)
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Our mindes on bilruban concentration 1n blood and lymph after ligation of
the commen bile duct (type I) are m accordance with previous investrgatons
{with lugher concentranons of bilirubun 1o lymph) Angmﬁantdcﬂﬂouﬂf
the bilirubin concentranon above normal values secms to be beought about
carlier in the lymph. This has led to the coneept of the imitial transder of bile coo-
shtuents to the lymph thus reaching the hlood stream through the thorsdlt
duct followed later by direct pamage to the blood. These studies did, bowever
not take 1nto d the g {ve rel hup of the blood and
? lymph compartments Asummng that both the thoracie duct lymph aod e
arculating blood valume recerved an equal amount of bilorubin at the mmé
tuncaﬂcrd::unxlofbdu:yohm'ucﬂonhuobvmthnt:dgmﬁ:ntd’cﬂ
concentration can bo traced earller in the lymph.

From the above mentioncd snatomical condderntons it & reawnable #
amume that bile products regurgitte amultaneonsly into blood and hymph
(via mnwoids ¢f pencapillary space) Our mnfugion studms present srofy
evidence in favour of such a mechanmm. In fact, infeson of BSP resuleed i
& shorter appearance tume of thus test substance 1 blood from the femoral SrteTY
dmnmthnnucductlymph.Th:umenc:mnryformmporﬂbﬂﬂﬂfﬂ‘b'
dlutwfromthchv:rmth:lhmucdnctmnbemnﬂdcmdmpﬂnﬂhkhﬂﬁ
short delay (4—5 min) It i thercfore reasonable to awume that bile substanc®
reach Irver lymph and hepatic ven blood virtually smmultaneomly The e
clusions may be open to some craticism because they apply only to BSP Nevertb®
lcw the great simflanty between BSP and bilirabin has been stremed by maf
mvnﬁgatmwhodmm-cuwmn?mtmhxmmnocmd\ﬁﬂnﬂw
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bleed Typel
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' j 1 s
1 2 3 4 5
Pullrobe concentration fn pertpberal biood (femoral veln) after obwtraction of commean
&hﬂ.(ﬁhﬂn’y "Thick mrrow snd dotaed Ine (as 2 heoam) tndicate cannalation of thorcie
doct with renoval

en of conpugavon (Wirxirs, Mtz and Brabiey 1960) 1n some way
umilar to the excretory pattern of bilirubin,

The related expermments do pot doclose to what extent the lymphatse system
quantitatryely conmbutes to the accomulavon of bile products m the blood.
Ve presame, bowever that thewe are predominantly doncharged from the
hepato-aliary system directly inta the blood and not through lymphat: path-
ways. Evidence for tho amumption can be found 1n 2 experimenns in which
the thoraee duct was cannulated 1 hour after hgation of the common bile duct
(Fig 6) Under these condinons the iutial rise of bilirabin coocentration In
blood with intact hymph-flow contnued with the same slope after delayed
cannulation of the thoranc duct and ramossl of lymph from the blood arenla
‘on.

The mechant p hyperphosph m biliary stais b not
fully und A, It 1§ d that the alkafine phosphatases pro-
duced in vanous tmues are excreted by Liver 1n the bile (Faxesiax and Carx
1938) The conuderanons ked to the concept of phosphatase  regurpitation”
analogom to the mechanmsm to hyperblirubanemin (Freruax, Craex
and Ivy 1938, Epttvo 1932) If the was the case then the concentraton pat-
tam of phosphatases m blood and tymph in cxpermmental bilary stashs should
be umilar to that of bilirubin. Thr n, bowever Dot entrely the case n our ex
poument m which minor duforences could be obsearved with a delayed rue
m phosphatase actrvity compared wath bilubln concentradon alues. Cax
TaRow Strwant and McCoot (1936) and FLoop Gurmeaw and Gunuan
(1937) found only a dight re in the phosphatase activity after chrooie obetruc-
5813015 Acte physisd scund Vel 53
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ﬁouuflhcwmmunbﬂcductmmcun'l'hcywmd@mdllmrket_obcncgll;ﬂic
in comparison with the marked elevations regularly observed following obstric
tion of the common ile duct in the dog and 1n man, These authors clalmed that

thy difference was due to Son of serum phospt through the kedocy
They found that the unne of the cat unlike that of man and the dog, normally
contaned considerable of alkal. hospt Ith hat sur

peinng to find such & moderate werease of the phosphatase actvity after bifiary
obstruction and on infidon with BSP or bilirubun solution in our expenments.
To some extent this may he expluned by renal excretion of phosphatase from
the blood. On the other hand not even the lymph values are very impressive
and thesc are not immediately influenced by renal activity The actual exper-
ments are, however limited to olservatioms within 5 hours.

Biliary obstructron eould be shown to be followed by steadily increasny
GOT activity 1n blood and lymph. In the infinton expenments an early and
even pronounced elevason m GOT activity could be shown to appear in both
lymph and blood. Crmmxy SEvacranorr and Sremay (1957) Cymaxy and
SHERRY (1957) and Duse Mantias and Remauawe (1938) among othas hare
shown that GOT b excareted 1n the bile 1n man and in the dog but there i
no renal excretion. The very marked nise in GOT actimity 1n the infunon e
penments can hardly be expluned alone by regurgi of GOT from the
bikary tree. The lver cells with their lngh content of tranamineses st
bave contnbuted to thrs mechannm, the only posnble explanavon beng fiver
cell damage (Braoy, Parr and Hoaviru 1959) which n our cxpennxat
in some way must be related to a toxic effect of the highly concentrated dy
(5 %) or bilirubin (3 ) In!mnmlupmmuwhhmfmndﬂﬁﬂ‘
(09 ,,) and Dextrane (Macrodex) into the common bile duct no tharp n%
10 tranwminase activity could be detected Interference of the high BSP and
bilrubin concentrations on the method of GOT determmtion could be @
;/)r_h:dcd 1 various controls.

Thit mvestgauon was wipported by grants from Sveraka Liforakrmpbolags nimed £
sk frkung
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From the Departments of Phytiology and Clinxcal Rinchermwiry
Kol Veterimrhégikolan, Stockbolm 51 Sweden

The Effect of Chlorpromazine
on the Glucose Metabolism in Different Parts
of the Goat Brain
By

5. Lansson
Reeerved 2 May 1961

— Small dosey of chiorpromazine were given parenterally o adolt
gomts. Different party of the hypotmlamus and of the cerciaal and
cerebeellar cortel aa well ax of the pasterior and smterior prrultary

In series of expeniments the fate of ¥C-labelled glocose 1n different P
dthzblmnmdm!h:pltmﬂrytn:bccﬂﬂudkdwdlhlb:lmd"ltﬂﬂuﬁg:
for quanttsirve paper radio-chrematography (Briorr Crani & o 1
Crane Lanmon and Pocomamt 1960 Ampresox Lu,cn(nmil’om‘:,'
1961 and Lammon 1961) ﬁm,xthubcmfaundthndx&l‘ml“‘;m
mmlcd:ﬁemuogﬂwm“Cghmhmmp;nﬁvdvhxshm‘-’“
.ndmthﬁpnumymmmrcdmntbuwmlnlddamn,thedlﬂh‘“‘::
of the brain have different metabolic patterns, both quantiatively and @
tatively

68
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A1 chlorpromazine has been found to accumulate in certan parts of the
‘train, namley the hypothalamic area (Wase, Croresaex and Povrry 1936)
the prosent study was umdertaken to see if thu substance also caused quan-
ttatve or qualitauve changes in the metabolic patiem in different parts of
the bram.

Material and Methods

Generally Iabelled ‘C glucoss was obtalned from the Radiochembcal Centre, Amer
sam, Eogland. The radioactve materlal was dituted t give & specific activity of
20 pQ pr mg
'lfhcqmmpmﬂmddrmnabanmmcd.nmm-m)wl RaCl 0.098 M, KQ
QM7 M, 3550 00012 M, KHLPO 0.000¢ M, Na,HPO 00175 M, and madio-
active glucase 00036 M—16 mC per mM at pH 73.
Adult fermale goats were med for the experiments. The ankmals were Infected with
ey sty The dowe ied

roughly to 0.25 me per kx body welght.
after the mjection the antmab wore klled by decaputanon. The n-
mild to moderate sedaton.
anmal were kiled by decaplmton afier which the bradn and the patmtary
were dimected ont s quockly w1 powible. The following tweoc samplo were taken
incubanon

The cwct locabmtion of Gie smpha, except foc no. + bas been given dscwhere (Aw-
benmo o o 1961 Lammow 1961)

The wcubation condithom were the mme m previowly reported (Asorxos o o
1961) Thus, the tmoc wes incubated for | hour at 37° C, the gas phawe being pare
orygen. Afer incubabon the medicn was immedsitely tranalerred % paper for chro-
cratography and the towse troated &1 demrbed by Caare e al (1960) The molvents
for the ehromatography wero alao the mme a4 thowe used by the proviom authon.
The were acanned quanttatvely by

The farmation of “CO by the time saroples wat determined oy described by Vi
and Hasreos (1949) The mooluble residuc after the extraction of the taene wis bot

Fuhﬁnniu!mlﬁu\hmwmﬁuyd.m%mhnh‘mwd
- Highly 4 ity

= differencas satmbaally dgnificant (st the 5 * leve or better)

- difle abmont Ty o (at the 5 % level)

Rasults

T ble I gves the valua for oxygen consumption, *CO,- and #C lacte
lnd[urmlnon\ndxdaﬁ'mlpnmdd!ehﬂnlndthephu{ury with and
without peeviouns adml th From the table it &

of chlorp

~
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Table I The cfat of chiorpromazing s the conrarsion of ‘-labslled glacas inis 1CO, awi 10
Lotk acld, ol the cxypen comnemption fu different parts of the brain ond the pitliery

Reeults expressed ms f1g of glicos: converted based on the fraction of total radiactivity of gie-
o per 25 mg of twao (wet wt.) alter | b locubation at 37°C i O &5 mlet
mediom. Oxygen conmunprtion crpresed n ul per wi. unit, Ghacose concentration 01 %7 ol
radioacthrity 10 iC per vessel Mean vatoes & 5 e o

Chlorprom. v VM Cort. Cort. PP AP
cerchr cerebell
o 0 3731 MO+3) 3BT P2 45 W31 NI

[{L3] (10) (6) (%) 10) (U]
-

+ 14006 148106 T2 W4 32 132420 172U
5) ) s} S} %) ]

oo 0 119E10 10819 105414 100+ 28 87116 238
4} (4] (6) (O] (10} (O]

+ 3006 30407 106+£07 97 03 3304 134
%) 6} [&) [¢)) ) 4]
L SR

WOdact.mcid 0 1023472 898 +£43 1033 :L27 1001100 7234351 o

13 (10) ® (3) ue)

+ B34 72110 A1S.:4§ BH4 63 428k40 LD
(8) (3) %) &) 6] )

valnar dertved from Awmramos et al (1961) cxeept from concbrem (Laxwon 1961) o

from ccrebelhun (present study)
Abbreviations of tsae mmples — sce Materiah and Methods
Number | experfments within breckets

evident that the drug admunistration sgnificantly depresed the axygen &
sumption  “CO,- and  C lactic acld production in the peciventricular and
ventromedial hypothalamus as well as in the posterior pituitary In the ot
pumuudwdthnewaec-mdnﬂyuochlnguhﬂwep;nmﬂmm
chlorpr was adml ed or oot.

‘Table I shows the formaation of *C-labelled lm.lmmd.lmth:lfl}“"d
in the prtwtary from the *C glucose in the medium, and how chlorprosss™®
adminstration influenced thu pattern It veas found that the drug decros™?
the formaton of all amino acids, except alanine, from the aogcnmnx’“‘;
in the periventricular timue In the ventromedial hypothalamic -mP‘“h
inhibition was les p d. In the posterior pituitary glutamic -adm‘
mation, i particular was decreased by chlorpromamine 'I‘hhwnll"“
far the mmples from the anterlor pituitary Further m this part the
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Toble IL The tlfwct of chieefrvmazing o the camerum of  Clobilind ghupst buie roriees cmine
acids ia diferant purts of O brein and the piuiscy

Relts exprowed m g of ghocose corverted bascd on the foaction of wotal radSoactrvity of gio-
atmxpwnnipuﬂm(uﬁhz(m-ﬂlﬁﬂlhhnhﬂmnw‘cho,hunlo‘

ot Ghcose concratration 0.1 % ol radicactivity 10 #C per vemel Mean valors
rem
Time Chlor Glotemis | GABA  Aknime  Amartc | Ghoamine Total
oo ackd ackd
w 0 60+@7 15+03 L4xol 0S50l 12203 11
14 (14) (14) (14) a8 (4
+ 27102 20401 14104 02110@ 03x001 66
(%) [£Y] ) 3 ) )
VA 0 44106 26105 13£03 Q5201 LI-£02 29
{10) {10) (10) (109 (10) (10)
4+ 23402 18+03 14204 0210l 034001 62

(O] * ) (&) 3) )

Caxrtex. o G4+08 132103 14403 O0BL02 [15+04 14
corebr

® &) ® (O] {6} ©
+ 35404 160! 131003 Q71002 Q7002 ”
[&)] ) 3) ) (&) )
Curtre O 30+08 L1+03 15104 07103 09203 2
orebell. [B) ®) (] (L] ) (O]
+ 46104 L4002 L7401 O0B40]1 0214M [ ¥4
(&) o 3 ) ()] 3)
” 0 41103 101003 Q7+£02 08101 Q7401 73
{10y {10) (10) {10) {10) (10}
pes
+ 18103 12+0]1 0S+0? Q220 0811 49
3 3 (5 ) *) *
AP o ar+ol a9+0! G4L005 09402 29
ay o, @y @ &y
+ 02+01 02r0l 03101 QI+002 041001 12
1) (O] “) ) ) *)

Vabars derrved froen Axvanaaos ot al (1861)
w06 derreed Eron Lo (1961)
GABA ~
Abbrertions of e sl — wec Materials aod Methods
Kumeaber of cxperiments withinn brackea
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caused the app e of small of Inobutyric acd, Jo the
samples from the cerebrum and the cerebelfum cmsentally no changes were
abserved after chlorpromanine infection,

Discussion

When ®Schiorpe was adnmuni d p iy wto ram, sc
cumutation of radicactvity m the hypothalamic area of the beain was en-
countered (Wase o al. 1956) In the sume study 1t was also found tat the
drug caused a marked decrease in the phosphobpsd turnover of the bypo-
thalamw In the present study wath a different approach, it waa fousd that
the ad. ron of chlorpr n red 1y smafl, therapentic dos,
caned a d mn the respi '4 h of the lypothalamic e
ssmples a3 well as of the posterlor pruitary The cortical mmples from the
cerebrum and the cerebellum were unaffected by the drug in this respect.
In the present expenments the metababc respomse of chiorpromanne was
studed in  reung’ tsvoe. However MelLware and Greexoarp (1957) found
that chiarpromanoe was a potent inhilator of the metabolc reypame ©
clectneal pulses in molated cerebral tmue (coriex) in concentrations of 5 0o
10 p\ML In the present study on cerebral and curebellar corbo, even of e
oxygen conmunption had a tendency to be lem after L
munustranon, the diﬂ'mbctmnurmalmdm}odudmﬁmnhmnﬁ
ngnificant. Esnsoro of al. (1960) nudymg cortun metabolic trends of prrche-
mcdmgx,fmmddmchhrmmnmn:dcpfwdmgmmwh
beam shees. According to ther descniption of the expenmental proceduses &t
seemed that the authors did not study the tusue in the di- aod
WASE ot af. (1956) found that the acoumutation of S from 3 chlorromasia
after repeated inyoctons almost exclimvely was encountered n the hipd
t:00. Thos was true for the bramn ay well as for the plasma and for the ver
Further lh\:cm:utpﬂn-umm:cdm:::umulammu“thcdrugimu:w:hnunwl"l‘1
the hypothatamic area as was the decrease in pbospholipd turpover doe ©
the drug As mentioned before the present sexults ndicated the mon kel
and sgasficant dep of the rexpiratory exchange a3 well as of the *C
lactic aad and HC amino acd formanon dut to the drug 1 1he hypotais=™®
and 1n 1he postenor prtutary Accumulating rerults have showp that wbt
mmrrtu.ll!nm:ht:hﬁ':rrnlp-rt:c.(’x.hch-r-nm\m:ﬂ:u'u:ul-ml:dmll:"CE‘W"mr
ar *C fructme appreaable amounu of ‘Clabelled amno acids wore
10 the tusue cxtracts (Cuame o of, 1960 Asorancy o «f 1961 and LaxnT
1961) Howrver when regarding thcd]ﬂ’amlp;mo(th:h‘lm‘hq
,hwnmmo-ndﬁwmmnpumuhxdahnmadnnc\mmfﬂﬂl‘::
e s¢ both g ely and qual ly (previows rof Ev‘?gsl
twuwﬂof(hc;ntmurywxudﬂamdmrupcd(mmd‘lw
and Lawwos 1961 Generally one can sy that ths pattern foflows b
of phylogenctical or gin However it has abio been shown that merely
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nmdhungermnﬂtucmnrktdmchbohcd;ﬂ'crmcumvdﬂunumc{
the ;ame phylogs ongm (F and Larmox 1954 1935) In the
present study further it was found that the sdmintitration of chlorpromazine
1n general did pot affect the fate of exogenows +C glucose 1n the cerebml
and cerebellar slices but did 0 1n the periventricular and ventromedial hypo-
thalamic samples = well as in the postentor patwtary and partly alw in the
antenor pituitary As previowsly dicinsed, o ntre chlorpromazine caused an
inhibitlon of the oxygen comsumption (Ewetoec  «f 1960) In these ex
perrments, however the substance was present i comparatieely high con-
centrations and meubated wth the hmne. Accordmg to Exxarvo o ol (1960)
the actson of chlocpromann  should be dual, oac mode of actron being actve
on certain phasas of the repiratory chain, and one on the membrane per
meabi ty According to the authors the latter effect should be the most pre
dominent. In the present expenments t was found that in the perventmcalar
tmuoe the farmation of all amino acds analysed hore but alanine was depremed
by chlorpramazine. In the ventromedml hypothalamse tnrue this effect was
ess pronounced, but sill ngmfcant. Partly thi was alio true for the posterior
pituitary Thus, if one forms th rano between the formation of glutame acd
and of p-aminobutyric acid In the different part of the hypothalamus and
Im the posterior pitntary one will find that the sdounsstraton of chlorpromanne
will make the ratio to approach one, from normafly beang well above thu
figure

In tha connection it s of mterest to note that the posterior prtmtary behaved
like the hypothalsmw smples towards th admimmtravon of chlorpromarnine.
Normally™ th posterior prtwtary has many dmilannes with the hypothalame
parts yegarding the fate of 4C glucose 1n the meubstion medinm (Awpzrwox
o . 1961 and Larsox 1961) Thus, in this respect also, there u a good
agreement with what b known sbeut the phymological and hustological peop-
erties concorning thi part in relation to certun areas of the hypothalamus.
It was therefore not surprnng that chlorpromarzme was found to affect the
metabolism of the poiterior petmtary 1n # mmilar way as in the hypothalamus.

Partly in contrary to the findings by Easerrxo o «f (1960) the present
study showed that the rate of conversion of radioacti ¢ glucose mnto vanous
amuno  cid was o due to chlorp in the hypothal and
in the pitatary Howcver they meayared the total amounty of the amno
dd:uhﬂcmth:prnmt::pmmcnumenmu(mmcdonﬁomcmgm
glucose has been measured.

It thus seems that ¢t a higher central bevel chlorpromanne will nhibit
certain aspects of the bolam of the hypothal the postenior prtwrtary
and partly the anterlr ptwtary in which latter part paminobutyne acld
was found. The present study u taken as a support for the theory that the
acton of a nearopharmaca will substanciate in buochemical changes specific
to the part of the brain where the drug act.
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The Effect of Deuterfum Oxide
on the Mechanical Properties of Muscle

By
OLx SvmamARx
Received 2 May 1861

Abstract

Svowusnx, O The ofat of drmterim acvide om the mechmics! propertus
of mexie. Arta phymol scand. 1961 53 7581 — The effect of
dewtertum Wometne contraction

reduced to 2—70 per cent of the foree in aqueots Ringer the rat o
force development to 12—30 per cent, the tetarde foree %0 61—86 per
cent while the latency of foree development way  pproximately doobled.
The tom!] duration of the twitch wat unchanged. The duration of the
phatean of masbmum micosity of acthe state remained woabtered by
deutertum while its decline was enhanced. The conduchon time of the
nction potentiul was pot affected by deateriunt but the reduction 1n

y procomes. T
thnrtdnﬂknmh'n:hdn:nomeﬁ::lufdﬂwcnnmouthccm-
tractile elements ar oo the exdtation-contractiod coupling

It 1 well known that destenum inhibits many enzrymate reactions (Katz
1960 Klrrunvlz\'lQGﬂ) An entyme amocmted with muscular activity

W 1ok by 30 per cent in 90 per cent deutenium
oddcun-c:nﬁ-mnd-c-.p-pcndixp.m It seemed of mterest to lovestigate
whether ths mhibition & reflected m the mechameal respomse of skeletal
muscle. Thu report deals with the effect of d omde on the sometrl
twntch force, the rate of force dovelopment, the latency of foree development,
the duratlon of tw ich, the tetame force and the duration of the actve state of
frog rmncke.
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Methods

The expenments were made on the semitendinons mumcle. The frogs (Rans cosik)

were curarized (50 wy d-tubocurarine per g frog) and ooe belly of the muscie (13—

40 mg) with maxmum diwmeter of 0.5 1o 1 mom was placed m a thermostatrd chamber
12* C and bathed Ringer sotution with cither water or 99.8 per cent dewtermsat
nd s sobvent. Th compoution of the Rmger was AaCl 115 mM hQ 27 mb
1, 1.8 mM, sodnem phorpbate buffr 25 mM pH 7.3 and d-tabocumrme 50 55
mL

The mumcl war sumilated from end to end or to rednce the conduction 25
transversely by  multielectrode amembly exteodiog over the catme kgt T
ancmblis each conmrung of £ + platinum  fectrodes of altermate polartty were placed
an ench nde &t a detance of 4 mm from th axh of the muscle. The sumall were AP
maxmal rrctangular polscs 1.5 moce In dursbon. Before cech experiment the morck
was simulated with nngle stmuli 1 intervals of oo mupute for 8 perod of ooe boer
oaly mucles with constant twitch force within this pesrod were sed. During the 5P
ments the same rat of stimulaton wes maintaienl In addition, tetank contracto
wereeroked tuntervah of ten tunutes by traks of 15 stimuli per sec and  train darsth
of 12 sec. At thus low frequency of smalation the tetams was almest complts
maximum force way m@mm“mmwmmmmmuf:
cent. The low frequency was chasen amee at higher frequencies the tetaskc £xC®
creased m deutenium owde.

The Bometnc force was recorded by a Brsh ik writer -.ndccuumhmk:’t
transducer (RCA 5734 mmuﬁqdmmmmw'%
100 my to be determined. Th ru-pcnsea(thertmrdcrmuucpuu:lncrﬂ*h‘d
had rise tame of 10 meoc for  full scuke deflection, and at the low temperataT
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TMLR&J“M:M‘R‘!W-{TCAMMM
(19.5~)mwrusd'«udﬂwﬁlhdiﬁ'(:d—uﬂhlﬂ
waisr &1 0° C. The doririom comuxtration was darrmined 13 the et fumd ot reriews tive
dmierraly.

Thoe of Cooamtranan of
exchangs dewteriam axlde b
winates the outcr fuld
(per cent)

o an

1 0352

52 Q7

10 o

”n 048y

40 o4

(2* C) the tupe courne of force developent was recorded without emential distortian,
“Tho rutiog length of the mumcle correxponded o Joad of 2 per cent of the tetankc
force. T mmmdmmtﬁmmmmm
from forre e agnal from tbe tramdncer v
mm’d.cdmuhmnly open loop gum of the differentfator amplifier was ono
Tnmdred, aad the thme constant of the differmnbiatiog netw ork was 33 mace, To obtain a
well defined determumation of the ltency of the mechameal rompowss the tzee fnterval
‘was messured betwren amsct of stimohition and the ime  t which the wope of the

© DO Application of D,O rewil od t the o relati  incresse in o of the
mficcnon porsts, of half peak and peal rate of forcr dev dopment, The latency of mak
mum sccckeration was bout teace the htency extimated from the begmmmg of forte

The acth  state b defined as the laad which the contractibe sulmtance can Lt canry
without kengihening (Hur 1949 The durstion of the ‘phiscau of the actn st and
in dechne d twitch wore determmed by the quich relesse method described by
Rirerm (1954 Thrfhr(lﬂpcrcmloﬁhcm:ncklﬂqlh)vnohxhcdbydm

doplacernent of  otifl etect wire to winch ihe muincle was attached. The

2 m] water st 0° C. Alter efficient sthring 13 d mmples were ayosablmated and the

deurerium content m the ayuahiimat wis determined in  density gradient tube.

(l'l;;dmhdlhcltchnhneke H T ¢ . 194 Kxacw and Lomersrzgw-Laxa
)

experanests wort cartied owt b enllaboranon with the late profomer K. Lrvesstaers-
Laxa, The Carkberg Laboratary Copeabagen.
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Results
1 Rats of dewternon exhange muth pauscls kydragen f 0* € An evaluaoa of e
~ -tz of concentrated d fum on muscle con requires that the rit

_4of exchange between dewternum and hydrogen 1n the muscle 1 known- To
determune thrs rate the muncle was loaded with deuteriom ande and the I
of back-cachange with water wms determmed. In the expermment
1 Table T the total amount of deutermm released from the loaded ke ¥
15 per cent higher than could be accounted for from a caleulation of the ¥a%<F
content and the exchangeable protem hydrogen of the muscle. This may
be due to dewternum adbenng to the saiace of the muscle, to a dight peellnd
or to selectrve uptake of deutenom st cortam @tes. ¢ of ths ¥
cortamiy ft was. bowever cvadent that about 98 per cent of the deate™®
appeared dunng the first 10 rma and that the exchange vwas pearly compT
after 40 mm. ~‘\1r.bn:n.1ghlhcA:xc.!.ung\:ufnmsr_k-rn_t.:r:u--l:lCﬂ'ﬂ'ﬂ?"f‘r
changahlchydmgcnoccmcdnnhh:l{mnﬂdlmzhmimlhtfﬂf‘"
detterem on the mechanscal resposse were follow ed for 1—2 hours to sxo2
Lt also the cxchange of more slowly exchangeable hydrogen was compl



g
¥ T lanic force!
0~ )
Peal 1
|
sect® 1

1
3
1
1
1

2. \fechanscsl resperss In 99 8 per cent D O-Ringer the twitch force, the rate
of force development and the tetansc force were ngmfcantly decreased while
the latency increased. These changes took place in the counse of the first five
to fifteen minutes after replacement of H O-Roger with D O-Runger The
values attuned after this imtal perod remained coostant for 3—6 hours as
long as D O was present. Upon exchange of D O-Ringer with H O-Runger the
effects of deuterium code dmappeared witdun 5—13 min (Fig 2) The total
duraton of the twitch was not  fected by deaternon.

Tlxﬂungudtpcndcdmd:cnncmmmnufDO The rate of force

d nearly pr jonal to the of DO
wbamthedl’camnhcmtchforcz,dn Iatency’ and the tetamc force was

relatively larger at 99.8 per cent than at lower concentratiom of D O (Fig. 3)

The twitch force averaged 16 + | g (number of experiments 30) m H O-
Ringer In 99.8 per cent DO-Ringer it decreased to 70 per cent or lew m all
mucles ovestigated 1n seven musches the twatch force was bess than 15 per cent
of the force in HyO-Rmger The mate of force development decreased from an
average of 0 7 g/mee to 003—02 gfmeee, e by 3 to 8 times. The Latency
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on the other hand, increased from $0—40 msec 1n H,O-Runger to 60— sxt
1n D O-Ringer mmmcfmm&cdﬂi3glnﬂo—mﬂ'(”m")
ndtnu:cdk:nthanlhttmldlforcc(taﬁl—gﬁpcccntdﬂw“h‘h‘ﬂp
Remger} Moreover 1 D,O Ringer the tetante force decreased when the st
taton frequency exceeded 1220 per second whereas st remamed independet
of frequency up to 43 per second in H O-Ringer (fig 4)

To mveatigate whether the effect on twitch force, rate of force developat
:ndhlmymuumbyadmwdnlcofmuwd‘h'w
potential along the muscie fibres the muscle was sumulated alternarly ¥
transverse and by end to-end snmuiation Both in H O- and D,0-Risger
Intency was then reduced 1o one half with ransverse stmmlation &

w th end-to-end stmulation but twitch foree, rate of force development
tetanie force remmned unchanged wn}unlh:nr,amqormd‘“‘h
D,0-Rmger the frequency of sumulation above which the tetanic foree d

was 1540 per second when lating through the multiclectrode

a3 compared with l'l~20pcr.coundw1d1mdm—cndmmuhmm‘“;
sponding figures for H O-Runger were 70 wath 1he multielectrode and 40%
end-to-end sumulation Fig 4)

5 Actres state Thtncuvcm(emewudﬂ:rmmcdbywm’dmpdh
Teleascs at varying ume intervals after the simulation. In the series of P!
thes obtained the force development was delayed by up 400272
and the peaks of these twitches represent polnts on the active sate o575
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duration of the plateau of maxmmum intensity of actrve state was 30—40 mscc
for a mngle strmulis and was deterruned w1 the hme interval from the last
stumulus In & tetanus to the tme at which the force begun to fall. In D O-
BRunger the durmton of ths plateau of maxmum intemity of the active state
wus prolonged by 30—40 msec, powibly duc to the merease in the latent
pensod which was of the saim order

As to the decline of the  ctrve state eleven experimenty fell into two groups
A In 5 experiments in which th  twitch force decreased in D,O-Runger to
70 per cent of the foree in H,O-Ringer the descending phase of the active state
curves tn D O-Runger counaxded with the ko er parts of those in H O-Ringer
(Fig 5 A)

B In 6 experuments in which the twitch force was reduced to les than 20
per cent of th force in H O-Runger (while the tetanic force was reduced only
by 15 per cent 1n average) the decline of the intennuty of the actrve state was
progrc-ivv_lyenhnnmﬂnlhecouned‘lheﬁnxlo—lﬂmln.'ﬂtum:ﬁmn
rumulm to maxd force d. ined unchanged (Fig 5 B) The
Wﬂtdnlmwuftbcltm!mtepﬂmttduhnguDO-Rlngﬂ\uml
and the muxcle reveried to normal after a few minutes In H O-Ringer In a
number of experiments the dechine of active state was determuned after the
ronng force had been either deereased to roro or increased three times. The
changes 1 the counse of the decline were small nd could pet  coount for the
difference  haerved between the two groups.

6613013 Adcr physel scand Vol 33
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Discassion

The changes in the mechanical properties induced by replacement of water
with deuterrum oxide may be due to effects on some or all of the clementary
procenses {nvolved 1n the contractlon of the curanzed muscle.

The ampltude of the ection potentiel in turtles muscle 8 not aflected by
deuterium (GooparL 1958} whercas the clectroatriogram of frogs beart
showed a 10 per cent decrease in amplitude and an Increase In latency and m
duration of the action potential (KawiNer 1960) In frog’s remitendinom the
potential of the resing membrane and the peak of the action potental, #
measured with Intracellular electrodes, were unaflected by deutenum wheres
the latenicy and the phasc of repolanzation increased to about twice thelr valus
in H O-Ringer (BuarmaL and Exomex, unpubluhed) These changes and
also the substanual reduction in D O-Ringer of the frequency at which ¢
complete tetanus could be maintmned (Fig 4) suggest that the peimsy
exatatory procenes are affected On the other hand there was no Indicatoe
that the conduetton tume of the actlon potential was prolonged by deutenum doce
the changes 1n mechanical properties induced by-deutenum were not abolubed
or reduced by uung transverse Instead of end to-end sumulation

The changes in active atate accomplished by deuterium are probably due ©
effecty on the excitatory procemcs (or on the excitation-contraction coapliog)
The dechine of the active state was enhanced bydcutu-iumlndmsenmadam
which the twitch foree was reduced by more Lhnn&Opcrcmtwhﬂchl’m“‘”‘d

when the twitch force was reduced less. Since the changes Wt
cqually revenible after exchange of the D O-Ringer with H O-Ringer ¢
different behavior can hardly be due to injury of rome of the muscles. Nelthef
could the difference be due to an incompl i of hydrogen with
deuterfum as the decline 1n active state was the same a few minutes after and
to three hours after the application of D O-Ringer A dimingtion of %
;}::ldon of active state by chemical agents has hitherto been deribed oelf
for monotodo acctic acid {Aumknrr ¢ ol 1957) There bs no evidence for 8 U9¢
change in durauon of maxmum interuity of active aate by deuterfum oee
increase observed can be expluned ntu-rmoflmgdlcnmgofd'cw
period.

The increase in latency of the m«)uululmpom:mDO—RhW“ﬂ:E
explaned by the effect of deuterlum on the latency of the action poten
The reduction of twitch force and rate of force development by deuterlum ™47
be caused 714 changes in the coupling between excitation and n:oncr-;ci.h:"‘[ﬂﬂl
by & direct effect on the contractlle substance. Goonave (1938) esncluded o2
his expenments that the contractile subitance way the site of the rfff"d;d
deuterium since the amphitude of the action potential was mot affected ":bn-
not, however ke other changes of the excitatory processey of the exats! e

1 nto conad hamvee (1960) ruggevted that

P
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uundm—oonmabncoupﬂnguth:lmk.ﬂ'octcdbydeumummdmnhe

nnce i doet not retard the shortening of the
g!yc:rolcxmmdnbliupmuumduadby-ddimnn(dmudnemphm-
phate The slow duffusion of inth del w ould, however

mask an eflect on the rates of the reacthions involved and the model expenments,
therefore, do pot exclnde the possibility that the contractile protelns are affected
by deuterfum That reaction rates rather than fimal states are affected it con-
wtent wath the present observaton of an almost unchanged tetnc force even
In expennments where the twitch force and the rate of force development were
reduced to one fifth o lem by deutenum.

I um groady indabicd to professor F Bocmtmar, ML D and to 3ir P Rosroraccs, AL Sc.

agaiawt
of Amcrica, Tnc., New York Ciry

Appendix

Takibiton of odmarine rphesphateu by demimiwm e Rabbut  peoms was extracted
with 30 per cent gheerol t— 20° Qfx  period of two moatha. One g of the extracted
m-mwmsmm salt solution (0.16 Af hCJ and | mM MgC(L,) One
Tundred gl of the bomogenat were incubated with 085 m! 99.8 per cent deuternam
il contaizing QIS M O3 aad 1 mAM MgC per liser o wich the

queoue huton £ 20° C for 90 mh. 30 sl of 50 mM sodiim sdenosizic tripbospbate
at pH 7.0 were added and the sdenasine tripbosptatase sct ity determined by electm
roeiric tration ¢ pH 7.0 and 20° G with 0.5 N NaOIL On the sverng the adenarine
triphosphatase wae inhibited by 45 per cent (T ble T)

Tebls I
Exp ATP-aac activity (pocies/mn
o Per € muaecc)
o HO 0 8390 per
et DO
1 0 L7
2 29 18
3 30 15
4 14
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From the Diviskon of Food Chembstry Royal Imtrtute of Fechnology and the Depart
ments af Phynology and Clinjeal Blochemmtry Royal Vetermary School, Stockbolm

The Loss of Added Lymne and Threonine During
the Baking of Wheat Bread
By

L. E. Exroon $. Lassmox and G Lo
Recehed May 31 1961

Abstrace
Exrcmoe, L. E., 8. Lazmow and G L. The letr of ashied {yraae

— Rat o micrabiologicsl
mmethods were wser to extimate the kam of added free Lelveine
HQl end DL-threonine the bakmg of wheat bresd. In-

grester ing to
40w judged by the feeding triak and 2015 %,
microblological astimatons.

The addition of lyzine t0 whest bread results m 2 connderable increase
m the protein value of the bread A further improvement can be obtatned by
supplementation of the lyfne-fortificd bread with threonine (Horeanmon,
Moxax and Pacx 1959 Emtcaow 1960) The addition of other singic enentia)
amino acids to wheat beead, either al ne or 1n combination with lymne and
threomune, does not seem to mmprove ity protein value a1 judged by experiments
with raty (Exicson 1960) Sumilar results ha ¢ been cbmined with wheat flour
(Sure 1933 1837 Dasrraroe, Haxrr and Ervrames 1957)

85
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In our previows experiments on the amino acd tupplementation of bread,
the amino acids were added to the bread ¢ffer baking (Earcsan and Overons
1959 Exrcio 1960) Numerows investigators have ahown that lyune s eadly
macovated m food by reactions with carbobydrates and other campounds.
Lem is, however known about the stability of threomne. In the peesent stody
an attempt was made to estimate the loss of added lynoe and threonine dunmg
bakmg unng both microlmological and mat growth amays.

Experfmental
Analytacal grocsdurss. For the specific determmations of the Iyune and threonine con-
tents of the breads and the drets, microbiological procedures were used. Lysine was

Drdcos Bacto Lysne Amay Mcdhum. The procedure folowed that outlined by Sront
et ol (1949) with mall modifications. Incubation, for inetance, took place at 34 C
for 24 hinstead of at 37° C for 20 h xs suggrsted by STerELx & af. This alterntion of the
Incubatb P wae d the o McGeme
and Loy (1958) and was found to grve  straighter standard curve and mare repro-
ducible resutts,

Th was d with Strep Sfaecalis (ATCC E013) wing Dikco's
Bacto Threonme Amay Medrum — again based on th findings of Stxxwr. o ol (1919)
The tubes were meubated at 37* C for 24 h N
Tho turbidity of the amay tubes aficr incubation was determined at 350 mp

x Coleman Model 11 Umverml spectropbotometer both when L. wemtesids e
8. farcel:s wers med.

The moculum used fn the smay of laine with L. sseiersedts was obtabned by cak
tvating the organmm overnight ar 37° C on Bacto Micro Inoculum Broth fortibed
a3 described by Bornmus and Lareew (1961) After contrifugng wnd washing the et
mice in serfle nline, they were Rapended in & quantity of mline giving a Cokosen
ammittance readiog of 30 % Two ml of thrs anpension were added to 50 ml sl
olj which 2 drops were meed 10 inoculate each ammy tube.

turbidity of the wmber celb was 1n this case adfusted to a Coleman
Of thw cell swpenpon, 2 2 to 50 dIl o was made and 2 drops were used per w37
tube.
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Sty ml of approximately 3 N HQ wi added, care bang taken 1o rime the walk
of the test tube free from mumple and t ket the add moaten the entre content of the
tubc. The test tube was then sealed, and placed in sand bath st 110° C. After 24

evaporeied
eraporated agam and transferred with distflled water to & glaw beaker
adjusted to 6.8 + 0.2 with 0.5 and 0.01 N NaOH. From each sample
wxy three different dilotoos aaladated to fall on the sandard curve,
for the detorrmnatons. Esch dituton, o well as cach
sandstd solotian, was run i tripEcate m these tats
The more commplete amine acxd msays that were made va the Roar and the noo-
ppb d bread were perk 10 Moore and Stein (. Bracxsax,
Starx and Moomx 1958) The Beclnan/Spinco Moddl AS Amuno Ackd Analyrer was
cuployed. Thee were hydrolysed i sesled d ampouks ka § N HQ
t 110° C for 3050 b, which wis the routme procedure wmed by the group oparating

Nicrogen waa determncd by the Kjekiahi method ws described by Prrace (1958)
:heﬂgmnuhmdmdhﬂ;dmmmﬂntcdhbmtnﬂlmﬂxnmd\hhﬂﬂl
welght determinations were carticd out eficr heatiog the mmples at 104—
105* C for 24 b end letting them cool In & devirator over sihcs gel
Ty of breed and baking comditioms. Tho tread vmed m the prosent kvestigation was
pan baked from  dough with the following comporiton

water 1,000
whext flourt (70 %, extrachon) 1800
tard

50

roler-dried akim mulk (< 1 % far)
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Table I Dry woghts, sitregen coomtents and emounts of added L-{yrine HCl end DL-trwa for
the varous growps tx Experiments 11T

Exp. Group ]:;d-ﬁ;ln Nitrogen content Added
% Bread Dt Lbyme Di-
% % Bna thrreonias
% %

1 A 90.9 200 19 -~ ~
B %05 209 186 ol -
c 821 1 150 ors ~
D 910 20 198 as0 -
E 914 210 200 om -
o A 910 118 157 050 -
B °29 219 199 050 9%
o] a0 225 201 080 oce
D 26 116 206 0% als

E -1 1% 207 o
m A 23 219 2 030 -
B w23 219 204 040 -
c ns 234 2m 040 -
D o4 7 208 (L] oy
E sl4 217 212 0% o
F 915 216 212 050 o

Expresscd a5 per crmt of the voaghs of abr-dricd bread.
Expremcd a1 per omt of th fresh welghts of the diets

These amoants of Liymme HQ or Dl-threoning were added to the diets afer aking It
all othr cases the amuno ackds were meorporaizd bro the dough.

-

The dicts. All drcts contamed 91 % of ground bread, 3 % of  saht micore, 3
soya bean oil, 0.5 mdlrvc_-u:uilu:-rl-‘-h;ml.um:xt\ue’I‘hevhx.mn‘m‘ﬂ"""‘!d
with a small quannry of finely povwdered bread before they were added to the g

mmx
The alt mxture was sdentical with that of Hrosrrr (140 1

mixture had the campention given by Hasread al. ( armceent 14,
vitamire m mg per 100 g of ration were thramin Pt

cranocobabimm
cod hver ail applied approaimately 1vu LR
(Caxwon and Ovewroms 1959 F o

rathon of ;o of the expenmenty in 1 4
Comditvons of tha rat sperments. The |3

of the Spragoe baving

divdually i ghndncal glan vesmcs

wood shavings. The tomperatare 1o o -

pa-nﬂncdwcocmmelh:dkudhu
the exccption of the firt cxperment, the
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Table I1. Arine acid compuricion of the wheat flens cnd it xom-mp-
Plemanted beoad bokod from the flour and used in sy prused bacystips-
tiam, Detormination actoriing ® Moere and Siwis fir hpdeslysis im

6N HOl for 30 &
Amino ecid Wheat Wheat
fiowrt braad
fi6g N e g N
Alanfoc 278 =2
Argmine 118 s
Aspartio Acid 437 443
o = —~
Gletamlo acd %8
Glydne 340 114
Histktin 164 150
Lencine L] 645
Incderecing 1 12
Lysine 19 150
Mctionine 1M 131
Fheayialzmne 4% 1
Profioe 121 104
Berma a7 135
Thereontne 2% 257
Trypoplas y =
Tyrosioe 130 250
Valne 4148 436
Nitrogm conteat 182 %, dry weight 837 %
Nitrogen cootent 223 % dry weght 89.5 %

Rewults
Amae ol deberminatwns The amino acld compostioms of the wheat flour
and the noosupplemented bread are grven 1o Table 11 The value are ex

onrs being the changes in glutamic acid and lyxine. The ncrease 1n lytine
h due to the inclusion of rolkr-dried wkim milk and yeast in the bread,
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Table [l Recwery of mbded LAysine [1CY from brend awd Gictt a1 determined by microbiologicl
assays. For details [ the caloxlatrons s ext

Exp.  Group Exprnoerntally determained Calculated comtent of Re-
Lelydoe 1103 In prr eent of the  Ldysine 1{(1 [n per ot of the onery
dry welght of 1h throretkal dry weight of e ¢
Brewd Dt Bresd et

1 D [:2H] 059 -
D ass 05 100
uooA 045 050 n
A Q43 st -
B 052 a0 ]
B 042 054 n
m c o4l Q43 ©
[ Q40 043 9
E 048 040 ol
|3 a4s a4 n
r 00 oG o
¥ 040 054 L
v 054 a0 *
a8 054 o

A o 48217

No correrpurlig £t experiment reporied herv
Suodard erroe of the mean

T sk IV Renery f adied Lothromine from bread end s a5 determined by meirobieei™
wap  Far detols of the calculaimms sey bext —

,.rp Groap Laprronentally determined Caseutated content of l’ﬂ
Ltronine 1 per ot of the  Lothreoains b prr ot of e O
dry worte of ty throrrtica) dry weight of the
Bread Dt Bresd et —

B 010 s 2
B 00 013
"moor 005 0135 »
v o7 012 a
007 o1t
Averag “‘if

N oxrerpondiog 1 expernent peparted here,
Wmura(lhv'nrm
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Before prowenting the data on the lom of free lyzme and threonine dormg
baking = otimated by microbiologroal methods, 1t o necewary o docom
briefly how the cakculatiom were performed that ked to the figures shown
m Table IIL and IV Fiuly st was emumed that twe flous for the dough

of sir-drred bread In the diets and the dry matter content of this beead, one



@z 4 0k A
Per cent L tysine-HCL i the det

can ako cakulate the per cent of added lysine and threone o the baws
of the theorencal dry weght of the diet, De of lymne, 1
snd dry mauer were done for both breads and diety and & recovery vakue
w3 caleutated as thown in the tablet Thn recovery value s exprened o
the comtent found experimrentaly divided by the theoretical content, cslcw
latzd as cuthned above, and mulupled by 100,
1t should be mentoned that the data 1n Table {11 and IV repeesent oaly
part of alf the esumations done Only date from experimsenn with b
s of added lyupe and threonune that were canedered of pracoaal i
#portance (sec under Ratexporiments ) are prezented. 12 should also be poted
out that the recovery as grven 1 the tabla compenes not only the low dunag
balung including fermentaton and proofing) bt alio dunng the dryms of
the bread and the hydrolysis of the samples precedms tbe amino acid ssa-
The Joss of hyune d by macrobwlogical methods and crpresscd B
ot outhned  ilfuytrated by the -alues in Table 111 The Jow of threoulne
13 shomn 1n Table 1\ The valoes will be dicuned further fsee under Do
cusmon »:!tcrth:(dxrcndu[mmlhcnlapunmuh-tbctnwﬁﬂ“d'
Rat expermvents Inurcﬁmmcsormcxpmmmu.sduram(smﬂ”d
nuwmm&,wmn)mprmng\iummkuch.mﬁxﬂgfﬂqu‘“d
xmmxmmdwmmemwmzmp‘w‘%’
u}mngbmld:lnk:dfmmdough\mwmd-vmwnmmmudl,hnm“
Tad been added. The levet of Lelyune HO) sdded corrosponded 10 ApproT
mately 012, 025 0.50 and 0 EO of the fresh weights of the diote
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The growth curves are shown in Fig 1 It can be seen that the growth
rate mereased wath Incressing concentratons of lymae up to the level of 030
% Above thu concentrabon, no improvement in growth was observable.
This is more caslly seen from Fig 2 where the increase 1n growth rate in granm
per day above that of the group recaving the nos-supplemented bread diet
i plotted against the concentration of added Lysine HCl cxpremed as per
cent of the fresh werghts of the diets. Fig 2 thows that a nearly hnear relation-
ship exits between the growth rate and level of added lynoe as long a3 the
concentration of the L-lysine HCl s len than apprommately 035 %, Pre-
mncxpﬂimmhinuhmhthc[AymcHClwu-ddcdlﬁ:rbnhng(‘Euc
sax and Ovexroxs 1939) had d d that no mpr in growth
rate was obtained when the Jevel of L-lynne HC1 was increased above 0.40
4 of the deet welight. This, together with the significant effect observed in
the present experonent even with the lowert concentratron of lyxdne incoc
porated Into the dough, suggested that the inactivation or detrucnon of
Ipine dunng bakmg wai comparanvely small

If the growth rates are calculated from the eighth day onvrards, when the
growth curves m Fig | arc nearly Linear the followaing values are obtaned
for the different groups (mean and 8. E) AG78 £ 003 B167 +004 C
237 + 006 D 359 + 002 and E 3.57 + 0.05

Six of the anmmak in each group were killed afier 22 days and the remainmg
after 50 days. On all of the raty, detarmmation of body fat and liver fat ax
well a1 histologacal examnations on the Ivas were carried out. The resnlts
of these observatioms together with those oo rats from & number of other
expeniments — metudmy Experiments 111V — will be presented 1o a separate
paper (Lawsax, Runarrit and Errcsox 1962)

In the next serics of expeniments varkous by of ynne and th

were added to the dough m order to gamn information on the optmum con~
centratioms of these amino aads when they are incarporated together before
baking a3 well a3 the degree of destruction of imactivaton of the threomne.
Five groups of ran, each comprinng 10 amimaly, were green the diety during
36 days. The levels of L-hane HCl and DL-threomine Incorporated — ex
prmed 1m per cent of the weighn of the dietsy — are given in Table V togetber
W thibe crult It s obvious that the addinon of threonine to & dough already
contaimng lysine remlts in & ngmficant mmprovement of the nutritne valoe
of the bread. Th u In sccordance with observanom mad  previomly that
2 combinaton of both lymnc and threonine 8 supenor 10 lysme alone when
the amino  dds are added to bread diets after baking (Exscsow 1960) The
combupation of 0.50 , Ldyune HQl and 0.%0 DL-threomine was sho
found to be almont a3 effective as 0.80 Llyune HCl and 0.30 » DL-
threorune (Table V) A plot of gain of weght above that of the contral
group vernn added DL-threomine indicated that the maxmum effect had
Dot been obemined at the highest level (030 %) tested n thrs serier,
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Tebls V Compaslhen of diets and groscih rases for tha fiow grochs of rets 1 Expermmnd 11 Ta
rats oury ased pur groap Tht omme achds were added befors boking

Group  Diet Qrowth rate
iday
A Baml + 030 % L-pine HCQ1 295 L ¢
B Az A + 030 % DL-threonine 603.£ 009
a Bamal + 080 % Ldyxine HQ + 008 & DL-thrranine s@em
D As Q bat with (.13 % DL-threoning 168008
x As C but with 0.30 % DL-threonine 636+ 015

Standard crror of the mean.

Tabls VI Composition of it and grocitk retes for the tix groups of rois (s Exporomest L
Trortoy rads wers xsed per group

Group Dat Growik mts
sy

A Baml + 030 % Liyine HO added gftr baking 389 L 010
B Besl + 040% Lipdoc HCI added gftr bakmg 4@ ot
C  Baml 4 040 % Ldyine HC added befors baking srson
D Baml + 050 % L-hyrine HQ sdded before buidng

+ 0.13 % DL-threonlne added gfir bakiog 49708
E  Bual + 030% Lysine HCl added before baking

+ 025 % DL-throonine added ¢fir baking S13£00
T Bawl + 030 % L-4nine HQ sdded before buking

+ 025 % DlL-threonine sdded bforv buking ARLO0GH

In the third series, a direct comparon between the effects of bread &8
to which lynne or lyune plu threonine had been added befoce or afier beking
vas attempted. When lysine alone was studled the concentrations of hys
added alter balang were 030 and 040 %, L-lysine HCl while the o0t
tration added before baking was sct at 040 % again expressed In par o
of the frah mghudmnduumlmhmmmdﬂodlwq::j
since they were close to the op condi for suppl of
wath lyune alone (Exp 1) The levels of DL-threonine added afler b‘ﬂz
wanL'llmlO.T.')%lndLhc.mnuntlddcdbcﬁrtb&hngo-ﬂ%:rdd‘d
diet weights. In these cases, we increased the amount of Lelysine HCl
to 0.50 , as Exp 11 had indicated this to be necessary 1n order 10
full effect from the threomne supplementabon.
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The results are thown 1n Table VI It can be scen that 040 Llyine HCL

added before baking docs not grve the same growth-promoung cffect as 0.40
/ added after baking, but that it 13 better than 0.30 { added after bakmg
The data thus 1ndicate that the Inactivabon of lynne dunng bakmg of wheat
bread 1 comparatively insgnificant. In the crse of threonne, the pichre 1
diffarent. The level of DL-threonme added before baking, riz. 0.25 % did
pot quite grve the same growth rate as the lowsst level, rie. 0.15 4 added
after bakmg This suggests & rather large Joas of added threonine dunng the
bakmg of becad.

DMscusslon

There is a large number of reports on the & wilability and heat nactivation
of mturally occmrming hysine 1n a variety of food items, These studia mdicate
that protan-bound lyune can be made numtionally unavailable by atleast
two dufferent types of reactoms (a) by reactiom with other amino aads
gvog  ummatural” pepode Imkages between the -amino group of fymnc
and a carboxyl group of another ammo ackd which are romstant to enzymee di
gcmounnd(b)bymbctwemth:e—nmmogmupo“yﬂneuﬂcubo—
hydrates (or other p de groups ¢ g gowypol)
\hlchﬁ:nﬂyle:d:mthzfm-mnmnufbrwn.h\mﬂn-ﬁkcmndmnwnptud
ucts and which again makes the hmne baclogically unvailable, From the
first type of reaction product, the Iyune can be released by adid hydrobma,
In the latter case, tho 13 postible only at the mutnal stages of the intermctron
— o the heat damage 1 too scvere 1t becomes rmposdh] 10 recover the lymne,
A third pomble cause of low — the direct monomolecular datructon of
the lysine — 13 generally not considered to be of mportance m the preparation
of food for consmmption.

Anempts bave alwo been made to determme the ko of free lyune during
the preparation of food, in particlar during the baking of wheat bread forte
fied with DL- or Ldyrine HCL Rosexrrxo and Ruoomauns (1951) studied
this problem wing mcroblological amay methods. They concluded that when
025  Llysine HCl was added to the flour bout 32 % was lmt during
the baking However m a

lysine had been added befor or after baking Crrvea of ol (1951) oa
other hand, perfrmmg nitrogen balance stodies on human subjects,
reported an almost complete low of free DL-lyome dded to wheat bread
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The low of added L-lymne HCl1n baking powder bsants has been studied
with microluological methods by Crank « al. (1959) and was found to be
less than 10 &

Our own amumal expenments mndicate that 8590 %, of the free Ly
HC added to the dough 1 present in a biologically avaflable form in the
bread. The microbiological asays gave recovery values for breads and diets
ranging from 75 v 100 4 (average about B5 4) It should once aguo be
potnted out that thls figure represents the recovery of the lynne not only fom
the baking process but alto from the drying of the bread and the hydrolpa
of the mmpla.

Judging from the obscrvations of Sasmron and Kmwxov (1957) and of
Roszoeexo o al. (1951 1958) 1t seems unhkely that the drying procedure
wsed here 1-ould have caused any ngnificant loxs of added lynne. The bydod
yrs and accompanying operationt, on the other hand, might well grve me
to somc loms and thereby lower the recovery values. This possihility was tested
by adding a known smount of L-lysine HCI to a bread sample and mib-
miting the mixture to hydrolysis under the conditions described earier
The recovery was 92 % (Addung the same amount of L-lyune HCl to the
bread after hydralyss resulted 1o & 100 % recovery ) Amuming on the bt
of ths cbscrvation a 5—10 % lom durmg the hydrolysis and subscquent
opcnnom,un:lmm-tlrwovu'yﬁglmfnrﬂ:clmcfﬁc:blrﬂmﬂc
during baking alone of 90--95 % This figure agrees well with that obfaloed
from the rat expermments keeping tn mund that acid hydrolyds alten relesss
more lysine than enzymic processes.

There seems 10 be no data publahed on the boms of frec added threanine
durmg the baking of wheat bread. Although it 13 known that some loss of
protein-bound threomne can take place during the heating of carbohydmte
nich foods, we did not expect to find the low of freo threonine, ts judged by
}both rat experiments and microblological estumationa, to be comsidersbly
greater than that of lyune. The former type of asuy indicated that only abowt
60 % of the DL-threomne added to the dough was buologically available
in the bread. The microbulogical determinations gave recovery values rATgizg
fram 45— 64 4, with an average value of about 57 % The lom of threoaie
dunngth:hydm]ymwufmmdtobendﬂlu‘gt.lp]!mmllﬂyﬁ—w%’
(Adding the threorune 1o bread after trydrolysh reslted in a 100 4 recovery )
Talng these latter figures into account, one finds that the recovery of thre
onine from the baking and drying procemes as estimated by
methods would be about 75—80 % The reason { r the discrepancy betwer®
the rat amay and the microtnological amay 1t not known but the data sugge
that frec threoame can be made Ivologically unavailable to higher
by reactions with comp 1n food to compounds from which t can b
mbcpnruxﬂyrduscdbymdhydmlynLtha;wdumnﬂ”:z
to clarify this point. It is concervable that the potasi m bromate presc?
gmﬂm(w—mm)wwrdympmﬁblcfardtlo’o(frﬂwmd
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A direct comparsen between the xmmo acid composition of the wheat
fiour and bread med m this mvestigation and hitcratare dats bas not been
posible a1, to the anthor’s knowledg, deter have not previomly
Ixmmdcmhduhﬂanlndbrn&ﬂm SmLBml(lQGl)}nin:cmdy
carned out a study on the amino acd compontion of a number of vancnes
of Surdisth wheats and abwo on onc sample of wheat flour that conmmed,
after extracuon of Lipeds, 167 % nitrogen. The valocs obtamed are 1n good
agreement wath thase reported here, pomibly with the exception of hotidine
lencine and serme winch showed dlightly higher values in the analyses of
Sor mou

The baking propertics of the type of wheat bread wnvestigated In thr shudy
was not sgnificantly altered by the addidon of the xmount of L-ysne HC1
necesary for optunnm improvement of the mutrduve value (about 0.40—
0.45 ,, L-tyuse HCI bascd on the fresh weght of the flour) Only a slightly
daocker crtot was notierd In most caser. No changes in taste were obsearved
but properdy planned testy to detect any differcuces were ot performed.
Doublmg the lymune additon, however gave o much darker and abo con-
uderably more compact koaf of bread. The addition of a fow tenths of a per
cent of DL-threonune to lysoe-fortificd bread was considered by som  of us
to gve an undesrahle flavonr o the crost. Agam 1t thould be emphaszed
that thrs observation was whally subjectrve.

The emhoes wich 1o cxpem thelr sineere Gaanks to Frof. Y Zorrous, Department of
Pimdolagy Roral \ cterinsry School, Stnckholm and to Mr. O Faoexiomw, Kingslenen
AB, Btockboirs, for thek faterest xad mapport aad t M. I Twowix and Mr P Dumgxrs
of the mme compary for therr vahable help I cxechon with the bread baloag. The Later
operatrm = cartied st AB Wosterdabl and Karsterw Bakery m Mockbelm and we are
rraddy iodebted 10 the ducetor of this compaay Mr E. Jaxvrx, for pocting the facilloes of
the bakery 41 oor diepoml The tcchmical smdzscr of Mim I Joarvmom, Mis I Froeack
22d Mo, L. Govammsoy m well m the fmmcl sipport of KragrOonen AB, Sckholm,
AB Plizer, isbry Park and Kraet and Alice V3 aienberg Foumtation i slao grasefally acknral
edged.
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The Comparative Effects of Anglotensin and
Norad Yine on C fve Vasculer Sections
By
Bydon Forrow Boxgm Jonaxwox and Sreray Mrianoe
Wecrived ¢ Apal 1961

Abstract
Fouxgw B B Jonammow and X Mirciaxon, The coparaiaor
-

thaut norad remabins ‘receptors -rtwbchmdunmclnnh!um:ﬂn
the yeoous ude of the crculabon, wisle angloeosta receptors are
mﬂnﬂymﬁnudmﬂxmxhrmndadﬂrmcqﬂaqw
Among the varow vasactive substances focmned n the ocgantcm sogiotenam

1 of special nterest owing w t potency apd ity posibie role in certam form of
Wm:n&dmnlhym Durnng the bt few years the thomeeal

men{dﬁ&ttm pounds has been establabed and the prep-
armuon af ry Jogace hax gready facik d tig on the
pharmacalogy of thewe substances.

The present stage of knowledge concermng the cardiovscnlar action of
wngwtensn has recently been reviewed {Scatacnrix 31960, po 95) aod will here

1—k13015 Arte physwel. xcwed Vol 33 9
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only be bricfly summarired Anglotennn IT now comaidered to be the finad link
m the rensm-angiotentin systerm, appean to comstrict powerfully the restance
vesscls in all systemic vascular regrons with pomble exeeption of the coconary
vemels, The latory effects of an the difle

vascular orown supplying the vanous teuc, are thu hirdy wellknosn s
regards thesr resstance vemels  However the action of vasoactsve agents should
also be considered from another point of view Each regional vascular caremt
15 made up of 2 number of functonally differentizted “series-coupled’ sections,
which can be calied Windkepsel vercls  ‘vesistance vemels with 2 precapliiay
and a posteapillary section, sphi vesseh t vesrls pact
vessels and 0 some tomues hunt vemeb  (For details wec ¢ g Fouxow
1839 or Mrrraxoer 1960 ) Dot only reactions of the raistance veschs, 53 2
whole are here of nmportance but abo the relation of contniction, oc dilatation,
between the precapillary and posteapillary remstence vascular sections, since
thy ratio will affect mesn hydrostatie peessure in the capillaries aad henee the
filtration exchange across ther wall, Further the effects on the tone of the
capacstance vessch are alo baghly smportant as they will markedly affect the
venus return of blood 1o the hexet.~—As the phasic reactions of these functicn-
ally differentiated comsecutive vascular settions can pow be studied simul
tancouly in & skin-muscle region in the cat, by mesns of a techmque recently
descyibed by Metranorn (1960) 1t was coandered of interot to utfle thy
method for a comparstive study of the scton of angiotenmn and nocsdrenaline
on remtance and capacitance vemels — The present rerults have prevsaaly
been brefly outhned (Forxow o o 31960)

Method
The prosent was performed on 15 cats, hettzed with chioceket
(50 ma/kys and urrthane (100 mg/tg) ntravenowly Jn  fow casce dual (Citw, 30K
me“mmumlﬁwngﬁ;)mmtd,humdn&nnumﬂtﬂ:_
& mot m panaple affect the rosults. As mdiated bowe,  simultancows recocding
phmcrmﬁmmcmmvmuhrmmbpo.’bkbymmdlkw
(e [n thes expermments. Thr method bas been described and tested in detad 57
Mrrravper (1960 and 1 aho in princple decribed m  potber papee in ibe proan
volume (FoLxow Afzuasmen mod Ostac 1961) It allows an analyws of the cvest

of the reactiom of the pee-and p pillary vemehs s S “’“"u“u;

the hind querters was 1o be anafysed, the lumbar rympaihet chalng were genersly
in the course of the expermment, n order o recoed the
vasculsr bed por w0 when 1 o deprived of 2l hanges of ol
wor  Dastrrbe from end dulary were prevested
extirpation of the rgh cuprrrenal gland and denervatkon of the ket ooe. -
Angiotomin 1 (Cibx ead | drenalme were gvea xt "imw
terua infecoons snd safions, by w ¥ of ooc of the brachial vehm and & pital

hezach of the soris, respectn §
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g 1 c..,cbmhcm
The effects om

lnr;l’blmdﬂo' (B)W A ragio.
u_r.-n,l_!"m}m(A mdl—lald.rcn-hql ohe Hmlnang
fow resacance sod n)-n«cﬂ‘c:l “hiood anghoccrein m
sdrenmhoe.

Results

Fig 1 show the vascnlar respomses recorded m a representative experiment,
where angotenun and 1 nocadrenaline were given in intra-venows Infidons,
The upper traang represents the artenal blood presare, the maddle one the
changes In  egronal e olume apd the lower one the regronal blood flow the
height of the ordinates bemg durectly propoctromal to the rate of blood flow

In Fig 1 A ngoterun was mfised mtra yenomly atamte of 1.2 pg/kgfmin,
whuch induced an mcresse in blood presure and decrease 1n blood flow corre
rponding to a change in vascular rewstance from 13 to 33 relative umin, Regional
timoe volume was slowly and moderately decremsed. The two phases in the
volume curve due to active comtrsction of the capacitance vessels and trans-
eapdlary influx of fluid are not so clearly dutingunhed bere. However a fall
s mean capllary hy drostatic prewure can be sramed on the bass of the indoced
changes o vascular remtance and blood peerure. Thus, the total regwaal re
tance has micreased  pproamately 2.5 umes the jnitial value and most of this
wcrease should occur in the precapillary reostance sectron, since the venous
ude 1 on the whole very Ltk affected judging by the alight volame decrease,
In spate of the clevated arterial perfimon pressure, thu predorunant precapil-
hary vasoconstriction hould induce a lowered capillary prescure, and hence at
keaxt part of the recorded volume change should be due to find reabsorption
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Fig 2 Cat,

The cfieets va blood Hlood vohmme lndhlwdﬂowd’lnu:qnanltn{mmdwfb
temin, 14 mmhwmdwmhummm B
ot the decranse of votume caused by | - dru sod eagioscse
aregreain that chelt apprommately Increases of fow

capacitance vessch and the foll 5, one, dueto tr
" sorption of extravascular fluid. In this case the contribution of these two proc
enes to the recorded volume decrease 13 apprommately 5 and 1 5 ml respee
trvely — Fig 1 has thus revealed some differences in the acton of noradrens-
ime and ang onr and aap vessels, which wll be further
discoued later on.

Sumilar results were obtamed in Fig 2, where the two substances were ad-
munstered intra arterially Tha figure illustrates fint the effect of anpoteas
(A) infused at a rate of | 4 pgfkg tosue/mun. As here angiotentin 1 oot gt
ally distributed, there 15 no defimite change in arterial blood pressure, bt the
regromal vascular remstance of the hind parts 1s gradually increased from 1012
33 unlts. Tizsue -olume 1, on the whole very little affected, but the small imua!
deflectson 1mphies & minute decrease 1n regronal blood content. Thi' Is possibly
the result of 2 slight active comtnction m the capacitance vascular section, bt
-mﬂtpﬂ!ﬂ\trtdutuonmmedumddofﬂ)oc\mch.duclolnmf
pressure drop cannot be excluded, The vascular effects at thu particular 2l
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noa are pot stable enough to give any clear Indication of ugmficant changes in
capillary flud exchange.

In Fig 2B the effect of }-noradsenaltne 3.6 sg/kg fmin, given mtra
artenally f demonstrated. The effect of thy dose on the tota] regional resst
anct » guantitatively eguivalent to that of the smaller dase of angotenun n
Fig 2 A. The volume decrease, on the other hand, i here conmderable, com-
prmng appronmately 3 ml. The two phases in the olume curve sre alsg rec
ogmred more distinctly 1n thn recording — Sumilar vascular effects were alsa
obtaned In such experiments where the doses of the two agents were lower
1han those here given. The effects described were eaiily reprodaced in different
expermrents.

Discassion

The present expenments indicate that angrotensin pduces a aronger con-
stction of lar and vesscls than norsdrenaline,
when gven in eqmvalent deses. On the other hand the comstrrctor effect of
pocedrenaline on the capaatance vench i much mare proaounces] than that of
angiotenun, Thus, witen the tw 0 Agents were gren 1o sach amotnts as to indnce
the same degree of mn the vemels, the d 1D tsue
volume nduced by noradrenstme was up 0 3 times as great as that caused by
angotenan. The difference w ‘active commcon of the capaatance vesels —
mamly the veus — mrght be even more prosounced, since other factors can
abo be expected to produce a volume decrease when anglotensln h given.
Thin, s comtricfon of mainly the precapillary redoance cemeh will

ity lower the hy capillary peessure, other facton beng
unchanged, and hence tend to eatse an extravascular fiurd alworpton. Further

blood content Laatly the comtnction of the precapiliary vemels will lower
their blood content. Soch mechannms may o a great extent, posably entrrely
be made respoaible for the slght d n twue volume observed during
angutennn infoson. Since the venous ede of the varmlar bed conshtutes the
moun past of the capacitance section and the arterioles the most muportant resiat
ance sechion, the invesugation makes it bkely that the guooth muscles of the
veing, as well as those of the artenoles, are suppled with noradrenaline ‘ro-
eeptors’ On th other hard, anguotenan ‘receptors’ acem to be madnly i not
tolly coafined to th precapillary vascular region. If angwtensin was given
w mich cor as may be d to occur in cermun types of hyper
lentive dsease — maidng Bow roshitance some 30—100  — the effects on the
enous wde appeared to be negligible. IG however the mubstance was goven in
masive doss, 30 as (0 stop blood flaw almost entirety in the hurd party, rels
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uvdymﬂcdﬂmcdmnmobsuvcd,nndthmhmpmﬁhl:dm
there might be & small number of angiotensn receptors alio on the yenow
dde. It should, on the other hand, be realived that under such crcumstances
1t 15 no longer a matter of mimuicking a ble patho-phymol I mtuation
1n hypertenuve disease but rather a toxcologic mtimtion. ~—~ It might be argued
that angiotenun could be unevenly dstributed within the vascular bed, thus
reactung the arteriolar mnooth muscles 1n higher concentrabon. It should,
however be recalled that, when vasoactive substances are grven by way of the
blood stream, the stmooth muscles of the artenioles, as well as those of the vems, are
1 all probability maunly reached from the tituc spaces me the capillary ex
change, and the results show that noradrenaline must eanly reach the venon
ude,

These resulty have thus revealed quantitative, and probably abo qualitatve,
hfferences between the action of two premor agents on vanows consetuine
vascular sectioms, differences which would handly be posnble to dnscover anly
by means of conventional blood prexnure and blood flow recordmgy For a ot
phynological and phar logrcal eval of the action of vascactrve drog
1t seems 1mportant to apply a mcthod that alwo allows a deteiled analym o
the vascular respontes in different “sener-coupled sectsom, unee each of them
has a highly differentiated funchon in carthovascular homeosta as.

Thia xtuddy ban heen mapportert by grantho AF 61(052)-286 from the Schood of Aviatios ed~
cine, URA and by grant Ne. H 3673, U 8. Public Health Service. — AB Himke, Glictork.
Sweden, b geerousy concred the expensas for the anployment of  kechmochas. — W e
greatly mdebted o profesor F Grom, Ciba Lid, Bxske, Switreriand for geoeroos sepply o
anglotenstn, and to AB Pharmacia, Upgmla, Bn eden for generows mpply of devtrss
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Autoregulation and Basal Tone in Consecutive Vascular
Sections of the Skeletal Muscles in Reserpine-
trented Cats

By
Bjomx Forxow and Brxor Omazo
Recelred 4 Apnl 1961

Abstract

Fousow B.and B Onino. Awerrreistion snd boe! oot comsacutres
rearoer wctunts of the skaleiad mascles (n rererpume-trocied cats. Acta piry wol.
scand. 1961 53.105—113%. — An cxperimental analysh has been per

tory sgenty, and that it i
romstance yoscl Some mpboations d'tht-td.nn-hhrqudm
the cardaovsacular eystem a  whole arc briefly discomed.

Recent studies Indicate that basal ascular tone — L ¢ the average extent
of vasocomstricton, still present after climunation of the yrsamotor nerves, —
u & matter of local by and in p 1 d dent of bloodb

vasoactive sahstances (sce ¢ g Lorvm-.ndhln.uml 1956) The preche
nature of these bocal mechanian i, however debated. A myogenlc sutomate
sty of the contracule elements, to somc extent faciitated by the distending
effect of the tranumural preaure, appeart to be the most reasonable explanation
of the basal vascular tone. To thn should be  dded the vascalar sermtmvaty to
any ariation of mmooth muc! environment, whether this s caused by a pres-
sure-induced change n blood fBow by a thift of uwue metabolism oc by a
changed blood compontion. — Vascalar ciremity, exhibiting a more prosounced

105+
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basl tone, which 13 modified by the mentioned factoe, will also exhibit an ofien
conuderable ‘autoregulation of blood flow By autoregulation is imphed the
locally induced adaptatioms of vascalar tone, which for imstance, tend o keep
blood flow faurdy constant independent of changes i perfusson presare, —
Some aspects of these problems are more fully dncimed elsewere (Forxow and
Lorvimo 1956 Forxow 1960)

It 1, however not yet dproved beyond doubt that locally released constne
tor agents and regwonal reflex ares might after all constitute the initanag
mechanums, Several authors still clam the exmtence of independent nerve
plexa 1n the vascular walls, and reactions like the constrictor responsas 1o yenom
disterion have been aseribed to a local *ven: vasamotor reflex’ (Gasars and
Bowron 1953) Further there 13 now good evidence of scattered chromaffin eelk
along the vesseh (¢ g Apnaws-Ray ct al. 1958) and such celb might sct =
local releasers of constrictor agenty such as catechol amupes, thus establshing
a tome varcular contrachon. — Such a concept umplies, however a fundamen-
tally different mechanum as compared to the muscle automatiaty view
the mitiation of basal vascular tone should then not onginate within the contrac
tile clements themselver but be & matter of extinnc though local stimali. Ia
case thus latter view should be correct basal tone and autoregulatan could be

d to be largely el ed 1n reserpné treated amimabs as it b knowo
that thus drog 13 able to deplete the organom of catechol ammes and related
smooth muscle stmulatmg substances.

Expermments have therefore been performed on reserpine-treated ety in
arder to evaloats the extent of basal vascular tone and blood flow autoregult
tion 1n skeletal muscles. A techmique has been utilized, which allows & sk
tancous recoeding of the responses of the pre and postcapdllary resstance ver
tels and the eapacitance vesels, making 1t posmble to find out whether basal tooc
and autoregulation of the vascular smooth muscles is of smilar degrec in all

of a vascular aircuit or exentially confined to some of its copsecutive o€

uonx. Such a posability 1 of some p pal interest as it provides informatod

concermung the extent of f 1 cffe ! inb different pars of
a vascular circult w th repect to their contractile clement.

Method

Medraoazed eat were usod, which during four days prier to the t bad
bcrnmlcdmlhrm-pinc(sapn1®)thmmmhﬂylndaﬂyd_1tl1m:
kg The anonals were with a ¢ Ination of chl f‘ 20—60 mg peT
and wrethane, 100—150 mg per ky — The technique utilized for  separate
of the reactions of the pre nndpmznpﬂ]uyrcdnmvm(blndm'clpg&‘“:
vemeh, has previously been described and oalysed in detall (Meroaxore ! ) e
1 outlined 10 prineiplo e another paper m the present volume (Totxow ”wad
and Oarxa 1961) Fammrmxxmuwyumddnh‘dwmﬁ*
ﬁwmﬁomLheerdpmmuldbcmtomy‘hhcdkwLmdmw )
flling pecsare of the beart could be exily adjoated. In thee animals, eo y deprh
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changrs o0 both fiow 2nd regacal blood volurno and, in certain crcumstance, abo o
tranecepdlary fltration exchange,

Results

The ascular reactons to different types of prewure changes, which with
great regulanty could be repested, are best presented by decribung i detail &
characteristic experument (Fig 1) At 1 and on smaller scale at 2 in the figure,
a steep and marked incrense of arterial presure is induced and its effect an blood
flow and blood volume can be followed. It 1 clear from the figure that both
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flam and alwo vohmnes, increases in rough proportion to the prewure me, to
start » th. However » hile the artersal presame rise o #tl) at s top level both
hlood flow and velume mcreases fade away raprdly and return almost to ther
untial valges. Ot ly & p ced 3¢ anrtinted afier a
brief latency as a responsc to the presaure e and, when fully established thm
vascular autoregulanon 1 ahnost able to normalize both flow and volome,
1n spate of the fact that the arterial pressure 1 about doubledin 1 — Socha
proncunced artermal presure mse wonld, 1f vawcnlar tone had remamed the
same, have ransed also mean capillary and venows presmres connderably
catmng a lastimg propounced nsue volume increase, due to both an outvard
filraton and venous d No such pb takes place, howover
On the contrary the mutal ohmne increase vannhes as rapidly a1 does the
flow increase. Thus fact suggests that the marked reactive increase of flow rees-
ance takes place maunly withim the precapillary resistance section, whach bas te
hemodynamic consequence that the artenal presure nse 1 po lorger rame
mutted to the capillary and venous sectians. It 1, however so far still posible
that some merease of posteapillary flow renstance takes place, but <3 1 Fig |
makes 1t clear that a presure metease withm the postcapdllary venous wcton
of the vascular bed will not cause any sgnificant merease of smooth museke
tolie m thu section. — Arteral blood pressure 1 here kept fauly constant, bet
vmmnwmawprmncnmudmddmlymamcdmmmmﬂg.mﬁi
by ramng the level of the Gaddum recorder 13—14 an. The vascular respom®
to this manoewvre s an rmmediate and rather marked volume increass, obvoosty
du to venows distenmon, and this pooling of blood reduces, of course, abo th
verrom cutflow for a fev scconds. However Lhurap-dph:seufvmmndﬂlcﬂd"“
1 3000 completed, and = then fll by a mruch slower though very comtatt
volume increase Itudwfmmc-rhaamhsuofm\:hphuwmm("‘
\[r_u.unnlQGO)thuthumddopcufvolumemﬂuRnlmauad’mﬁ
wourd capillary filranon lnd!hupmcuxkrcpuonl!-nup'mng])’““'#""‘
} also when the pertod of raned enous presure 11 very long It should bere 57
uzﬂ)btubsmuithnnmngth:rmmmdoano(mductm#ﬂ'
scant reactnt tonc changes wathin the venous sechon the pasve distrmsion
remam unhampered and 10 does the rate of outward filtration, which
Dot ha € been the case 1if eactive shifts m venous tone had oecurred, — Fro®
2 and onwards in Fig I the arterial pressure 1t agam allowed to rise, but 27
only gradually Izumﬁcmlh:ﬁgm-cdulba!hhloodﬁw-nd\ﬂ“m‘m
then capable 1o adapt themselves continuowly mnmwmlmdlbebﬁ,‘:
:nccoflhcmnamcm]prcmn’chudmthwtmynmwhkdmeh!"
4 the oppoute of 1 1y ndueed Anmx]prmumhabruliﬂydtﬂw"d:l
pmllocc}mmnuf&:-bdmnmﬂwmmdlcpxnthtlowﬂtdk"‘m
short period of tme It 1 seen from the flow and wlume tracings that the
cﬁatccﬁ‘uctdlhcuta:ﬂprmdmpnld:ﬁuxo{bmhﬂmtmdfi:’r
However after a latency of only some 5—10 seconds they agan increa<e d
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in spitc of & comtant artenal and venous prewure, indicatmg a progremve
vascular relaxaton, pruunnblyl.\mhm:ﬁ'ccunzmdnlythe preaapillary
reshtance vesseds. This relaxatl ked when arteral presure
hmdda:lyradmtcd.lndm;mumhd.butbm{rncm:hymn-nd
ubo to » volume ncrease.

The patency of these ‘antoregulavon  phenomena in rererpine treated cats
are, a1 seen, remariable both concerning extent and rate the extent of anto-
regulaton was 1 fact often 30 stnkung that 1, if anythuing, was supenor to that
scen m smatvely reacting vascula  beds of the scutely denervated cat s hmb,
These expernments abo made t clear that basal vascular tone 1 cmenually of
normal range m oserpune-treated ammak, which 1 obvioms from the flow figures
of 6—8 ml/mm/[100 ml of teme for resting denervated skeleal muscle, which
were recoeded as long as artenal pressure was kept within @ normal range. It
was abso clear from the fact that intraarteral inpectiom of beg doses of acetyd-
cholme mmcdhhodﬂwmmcﬁwumah-mﬁmmthcprmpﬂhry
resstance vemehs, the venow tide of the cireul ©
hryrunanc:v:-rhmdth:mmpnnohhtap-uhmxvmd:,huj,—bc-
ud 1 cvidently poor or  bsent autoregulanon, — a very low bexal tooe. Thn
was obvious from the fact that supramaximal amounts of Intraarterially myect
ed acetylcholine whuch induced often fivefold intresscs of blood flow calen
lated to correspond to about 40 / meremse of internal radun of the renstance
vemels, only increased the regsonal blood volume roughly 15—20 per cent, as
caleulated from Merraxora s measurements of the blood volume in the lund
part (1960} Thn corresponds to about 10 incrense of Internal radom of the
capactance vesmcls, Further much of the blood volume incresse momt have
been duce to a pesive ditersion of the veum and to the unavoudable increase of
blood content withm th dilated precapiliary rowsmanes veneh The lack of
further olume increxses could not be due to the fact that the dilator drug dad not
reach the venows mde or lacked the power to relax the verm, became if venom
tooe haid been artifically rabed on beforchand by noradrenaline infison, ace-
tylcholine was able to mduce very drastic increasey of regional blood volume., —
Rcﬁnmnrm:pramtmh:nkmuymmcurlc-mﬁaﬂydcplncd

of eatechol ammes was proved by 1! of the abd
mh:ﬂu-dnnhcrymp\nml:dihmxﬁhuhndbcm\iod:cdby tropine.
Even citations at highest p ! i ratcy, winch normally 1n-

mﬂcwrmncem?«-&umamddm@emgnomlhbodwlumc
nboutwpaucnn~-bou16—-emlm-ua—mldzcnl(\m\xnu1960)
bad only a very minnt  or no effect on flow and volume.

Thus the experimental data, 30 far descnbed, make t clear that catechol-
depleted animals extnbnt 2 proncunced basal tone nd autoregulation, but that
these manifestatrom of inherent smooth muncle actrvity were ementially restrict
ed to the precapiliary resistance verscls, Whether the autoregulation of the
frecapillary repstance -omels 13 only a matter of alternations 1n smooth muscle



110 BJORN FOLKOW AND BENGT OBERG

ALe3D prCsIuRe 192
mmhy

2LCOD FLOW
ml/min

T.ME 372:2CC

SIGNAL

envroament, duc to the flow changes enforced upon the tissue by the pomary
shifts in perfunon premure or whether also changes n tranmmural preseure af
such contributes, 1 illustrated 1n Fig 2 In ! and 2 of this figure the presure
head Is abightly lowered to reach very nearly the same level, 85 mm Hg 1o the
two cases However 1 1 the pressure head b reduced by ramng the venod
pressure about 10 mm Hg, which implies & reusrd mean trammural presure
mn 2 thcprunuchadurtduocdbylanmngth:nmhlprwm’:.mdh‘““
also mean transmural pressure 1 decreased. It 1 easily caleulated that the

Pa + Pv,
mean mir prurur:( ;— )b.bout55md45mmHg,rupt€ﬂ\d!

i the two cases — If it o assumed a3 a reasonable figute that roughly 80 p7
cent of the flow resstance 1s made up by the precapiliary vascular section and
that ussue prepure 11 low and uniform, 1t can be deduced that the aver®
transmural distend ng presure also within the precapillary reslstance oncks b
some 20 per cent higher in 1 thanin 2 In spute of the fact that the presr®
head is the same and the chances of pamve-clastic vascular distension &7
greater in 1 fow roswnce 13, 1n fact, almast 30 per cent Aygher n aliernatné
1 where the trammural prexure s rased Local ‘veni-vasomotor refere
c-nnotynmblyhntbcmopa:dngmmncnmmﬂs,drpk(cdoﬂbcmm
tor fibre transoutter Further had the chemiaal environment of the smoot
mincles been alonc responuble of autoregulation, the blood flov would, if an7
thing have been alightly bigger in 1 than n 2 Finally ha ng the andt

}




AUTOREGULATION OF FLOW A¥D RAIAL VASCULAR TONE m

1o breath » gav-moxture ntng 6 oxygen, mplying a lawermg of artenal
axygen saturanon to about 50—55 4, tins rather drastic change m blood com-
poution and hence fn vascular smooth muscle environment, was as a rulke follow ed
compara sgall shufts m vascular tonc m the present cocumstances,
wmw-;‘:ymmtow\ﬁmﬂ-ﬂuammda-blchmq These
crrenmytances soggest that changes 1n the chemmaal envromment of the vascular
unooth mucles do not form the ooty posibly not even the major mechannn
ponxble of 1 The di of the o e o in the
vascular walk, offered by the tranemural pressure, appears to be of considerable
mportance m such veweh which exhibit & more procounced basal tone.

Discussion

Th present expermments make t highly unlikely that any lokal nerve plaa
or cell structuras, producing vasoconstricioe agents, should be the background
of baml vascolar tooe and autoregulation of flow {n skeletal muscles, In fact,
Lh:rmpmemuncnuppcmnwhnvc.l{mythmg,;mmmtcddmmh:rmt
Teactiors of the wascober it bly becamse roaapine
mnmntimpﬂu.‘phum-mlogmldmudon whrch b known to grve
rise 0 & senmnmation of the effector celb to a vancty of stomull (Fxuxrroe and
Munrw 1951) The experiments thun strengthen the view that both bawl vascular
tone and haton of fow are of an mherent, nryogenc ac
vty Itnppunﬁh}ytha(thknlheen:-hommhamh:qmnhﬂ)-
1ting smoregulation of flow g th kadneys.

Itmuhubcmnﬂuddﬁcmﬂrprum:apamht}mth:dmcnmu,
uﬂ’uedbyth:hloaiptwc.lmut' 1l an the g
activity of the vemch, p biy by & the nets of sp desch
ofdxuﬂiivtdmlmmdcmﬂuhubtmobu:rvcdhmyugcmmﬂy-mveim
testinal mmooth mimcles (Bdisroes 1935) If the frequency of the sponta-
neous coutractom i raused, the ume fracton occupsed by the relaxation phase
can be expexted to be propartionally shortened, and the integrated revult of
thrs would be & somewhat rased vascular tone. — Obviomly the influence of
dmmmnmlyngmﬁnmmmhrnccmm.wbichmﬂynﬂhuprwmn—
ced basal tone, m the precapillary rexistance vemels. Where myogenke
automataty o neglgible or absent, there i nothing that coald be facitated
by dsterwon.

It » qumte obviom, however that sho ahfts in the chemieal environment of
the vascular anooth minde cells profoundly affect thar fone. In some situs-
tons the wfluence of mxch changs wll cooperate with the effects of ahufls
tranymural presare, a3 in the exablshment of autoregulation of Sow In other

ey the two d factors will cach others, for in-

sance when blood flow o decreased by way of a rabsed vencus premure, o
where blood pressare and toe actvity are concomitantly incressed. What
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the net effect on vascular tone will be 1 such ntuatrons may vary from
one tmue to the other It can be expected to depend ou the relative senadavity
of the regomal smooth muscls — which i not necersarily the same bn afl
umues, — to the contrary-directed shufts in transmural presure and chemieal
environment. Thus, even if only these two mechantsms out of the mamfold
that affect vascular tone are conaidered, one deals in fact with a highly complex
integranon  where the balance may vary not only Inbetween the different
vascular cireints, but even within one and same drewt from time to ume. See
aho the recent study by Stanasy and Rexriv ([90]) where autoregulabon of
musele blood flow is discused from & viewpowt based on & somewhat different
expenmental approach. — Too httle 1 sull known about the fundamental
characteristics of the contractle elernents of the small blood vemch to justfy &
more detailed discusmon of these problems at present. It should be emphasired,
however that in looking at the control of blood flow In relation to nwue metab-
olum, nervous control etc. in the intact organmm, the combined action of di-
tennon and metabolic influences on the vascular smooth musches shoukd
constantly be kept in mind too often only nervous and hormonal exmutatory
factoers are comidered

Tt is of intereat that the pronounced basal tone and autoregul thon are eoen-
tully mamfestations of only the precaplllary resistance vemcls from the poutt
of view that thn implies & clearcut smooth muscle differentiation inbetween the
variows consecutive sectsom of the vascular bed Amang other things such 2
mechanim tends to muntun mean capillary peessure, and hence filtraton e
change, more comtant in vascular regions exposed to ¢ £ changes 10 hydro-
static peessure. When shifing from & recumbent to an erect ponstion the traa+
mural capillary premure 1n the legs would be much nereased with a comsequen!
rapid edcma formanon of no compematory reactioms take place. A' stoctly

locally Aled adj like the sed myog s
. )mn: in the precapillary renstance vemels, will here add to other compenmton
i that tend to oot t the shifts in filoation exchange. Tt will aho

automatically compensate for such regional flow increases that would bne
occurred by wav of the distenmon of the precaplllary resistance vemels when the
traramural preswure 1 increased. Lastly t}mprucntﬂndmglmyapm“‘h}
sympathetomized subjects, being not too much diturbed in their regulation
regional and total flow remtance, practscally always arc much troubled by 4
poor control of the vern Thus 13 obvlown by the prompt pooling of blood oa ¢
venows ude by even sl ght increasar of hydrostatce pressure 10 such sabjectt,
which consequently affects the venous return to the heart. The peowent

ments suggest that both the basal tone and the power of autorcgulatory 'dlz'
ments are 1nogn fieart on the venous side, when taken a1 a unit. Olwiowly
moat important section of the cardiovascular system s in a poor state whﬂ;;"";
cormy ats compenmmatry adjustments once 1t extnnue EUregemt con

eliminated
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Mensurement of the Oxygen Diffusion Cocfficient
in the Subcutis of Man
By

Frarco Cavtaara and Géara Rootit
Reeetred 12 Apedl 1561

Abstract

Cactoars, F and G. Roor. Al of O oxypes difisiom
coficacnd ix the sxbents ¢f mae. Acts plymol. scand. 1961 53 114—127
rubcataneous which o surrounded

snd 10 order to sthow how they may be wsed most
The iacrease m tmtsc axvgen tenpoa when  subject s switched over
ﬁm\rmh:ngnkmhrmlhn:gp\nmhmtdw‘hhl
eovered Pt edectrode. From the remulting curve the oxygen diffason
cocﬂhmthc-lmhmﬁ_umcaxﬂmcammpdmdzhcmxmd

the intercapillary distance b known the axpllary oxygen temsion

and the hlood Bow mry abo be caleulated. The remiln ebtamed are

of the cxpected order of maguitude.

Moxroowray and Homwrrz (1950) studied how the subcutancow oy
tmdonch&ngudmngmh;humuluxygm.mymmcddtmm
(Po,) w1th a platnum electrode connected 1o a ruitable circy t and record™
device. Thus technique has been used under vanom upalmﬂl‘hdcs‘ﬂc
condition, see Movroouery (1957)

Tt conld also for instance bcnnuubletc&nlqumm:dyingﬁw
gfﬂ,cunmmnmlmonh-bm:ncwbommﬁmbemmmbru!hbu‘bdh

114
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Fog 1 The modd of the orypes mipply to the thwoc.

mmngmy;munfmm‘nunmuw:mnwdmtxymcvﬂmtemcm
factors that might affect the measurements. In a repetition of Montgomery
expenments, a sulject was grven pure axygen to breathe. The subcutancons
tremie axygen prewure incrensed to & maoornam and decreased again to the ini
nal level when the axygen was withheld. It was observed that the two branches
of the curves could not be superimposed. Now t is known that an increase in
arterial oxygen temibon p produces contraction wn the vemcls of the cyos,
Crmcr e ¢ (1940) bran, Tooo. {1877) Coss and Frrxuoxr-Swrrs (1931)
and kidneys, Fomuax ¢ af (1951) and decrease in axygen tension produces a
dilatas Th akin, like the fundus oculs becomes pale, when a pew born
nfant s grven pure axygen. Ths vasomotor reactson reduces the speed of the m-
crease mn tmne axygen tepon, and 1t abo hcoreases the speed with winch the
aume tension » reduced when axygen 1 withdrawn. Thee were both phenom-
ena which could be obscrved 1n our curver. An interpretation of the corves of
the tinne axygen tenaon should therdfore grve a mathematieal expremon of the
axygen wpply to the twues and of the varions factors involved. In order to
achreve thp, prebmmary studsar inchcated that the artenal oxygen tension
(p,) must abso be known. To show the uses of the equations evolved, some prelimi-
mary experiments have been parformed and thelr remlts have been used mainly
to demonstrate how to apply the equations to peactical datx Thos the oxygen
duffimon coefficsent, which has o far culy becn determmed i exemsed preces of
ussoe, v expammentally determmed m vivo. Also, mdicatree figures are ob-
taned for the mean capillary oxygen temmon, the blood flow per volume of
twur and uxygen vesomotor reacton. Although the two later entities may be
obtained by quite different measuramenty, t may be of value fo dray as much
nlormatian as pomwible from the artenal and towue axygen tenuom changes,

L Mathematicsl Trestment
From the tetoe oxygen premare (1) curve, ouly the axygen diffision coefficient can
be deterarmed. Bat, s will be aborwn, it w postdhie, with the vee of cstablished
for diffusion, to determine the facton goreming the tmac pox  the poy of the capil-
kenes and the blood Bow i the 1 and p, are determmed | the mrme time,
8613013 dcta phymel. scand. Vol 53
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TABLE 1

TryY
{
E
1
1
|

E
|
i
%
?

oxygen
Final moremse in the artenal axygen presure,
Inttial srterml oxygen pressare.
Conventional xeto leved for capillary cxyyen presame.

?
|
i
it
E‘
:
i

PF:’ T RRANR A~y

Amount of axygen requied to incresse the trmroe cxygen pressare.
Hood flow

Q-

VIR Oxygen vasomotor reachon,
The Modal
Becase of the aband: of cupllt in the traue we have mpmned &

model conmrtmg of a net-work of caplllaris forming  sphere and contalnlog trsue wika
it. The capdlaries are equivalent to the whrte coating of pzlnnnnn:}:e.mdr:

u spherc w the intenar The model o represented m Fig. 1 The axygen tenslon b b
capilancs (4,) 1 of couree different at varkos drsiances {rom the artery but w will ol

the goif-ball model

| The snatomcal dmtnibution of the capillanes in the mibcutxneons tiwoe 5§
better with our mode] than with the Krogh-cylinder -
hrogb-mode conaders oaly one caplllay and ity murrounding € liadet
disregards the mfvences of vemcls.

3 Emumqummdummdmnhmﬂmmmmtﬁm
1953) it b amumecd that they are of an equal datance from arienes.

4 Tbe Krogh-model awomes thar the capulbaries aro rectilinesr
mmxhumnalmumr-mdmkmnmm.mmuw::
s made t ooe grometncal point of the sphere or if the mensurement foell v puir
valuc over & surface whach 1 Large m relation to the alx of the rpbere W will
by treating the drctrode 1 an wdeal pomt.
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T idewl pointliie clectrode
Thcrymbnh:n:dmummnmcdlnTlﬂcl

1f, for the mommt, the axygen © tion of the tiwne is ded, we mxy we

Crank ﬁrmnh(l%ﬂ)wbkhmuthcmundnm from the center of the
sphere at the tome f,

m

where

prp‘-po.indxﬂ-x t the point at the tme £
1 = the uniform 1mtial po, In the tmue independent of 1 and
(For other symbobs see Table I)
When a steady-etate is reached, thatimat ¢ = x the expanentiel part of (1) equab zcro
and the cquation f reduced to
by b
A
This equabon b only fulfilled of pry = =
It follows then from  study of this cquation that, #f there 5 no oxygen

consumption,
m  seady-rate, the po, mude the sphero by the mme everywhere and equah the presare
m the capllianc.

-1 )

As the timc through which the crypen diffiner, consumes axygen, it i nercmary
to muoduce  factor for the metabollc oxygen (1952) studicd
the problam of the diffision of 8 gus Into & sphere where t the mme tmc the g b

wndergong  Tero order reaction by which it b comsumed. Unng the same symbols s
before ho equabon o

et —r)
R o py — ————
b J D +

2 . {(— 1= -t a
T N P
where

= = the resction rate of the procom commmmg oYy FCD
@ = the solobifity of cxyyen n the tawe.

Tha equaton & valid i the amomt of ovygen conzamed by the timor m independent
of the poy (rero order reaction) Caawce (1957) bas whown that this f the casc over  wade
range of pressare, and 1t is ssmed in the prosent work that m 1 independent of poy.

At eeady state (f = oc) the exponcatual part of (2) equabs zero and the equation s
reduced to
_me—r)
Iy ) D )

Equanon (2 ) w eymmetncal with respect to the censer of the sphere which means that
the po, B conetan over any coocrntne spbercal rrface withm the sphere. It msy abo
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—
port
ary
APg
Flg. 2 The mrnicuy roproxmts the poy
Poent Pae Paar asloog  dlametcr Thb po, goor from
IR frae 8L the cCnier o -
murm aL the periphery The jr
which & memsured may retme aoy vabe
wiihln these tms depencing wpon bere
inside the sphere the paint of oessore

i
!
i

be seen from (2 &) that when r decreases p¢ aho decreases and that gy has a minimum &
the center of the sphere, where B zero and & maximum at the surface where =~ «
From (2 a) it s evident that at the periphery of the mphere, where = alsa pr =
pei tbe tevuc prewure i3 the same as the mean caplilary prewure. The dilference
between the highest f1 (fmas) 2t the periphery of the sphere and the kowest (o)
in the centre of the sphere {pam —prm) Wo call 4 pe Th- shape of the menbeu in fig 2
and the valur of 4 py are given by the second Lorm of the right-hand member of e
equation (2 &) and are therciore not affected by the absolute valus of the por A0
represents the presure requited to furnoh all and only the amount of oxygen necomy
t " the usue for 1ta own metabolic requiremenits and it depends pon the reaction K
(m) the diffision cocliclent (D) and n grometrical factor which In our coe b tbe
radiue o

It follows thar hanges In the capillary presaure will petber affect the vatue of d v
mhhwdhm“m@&wuﬂhqwimhﬂu
gpe For physlological reasons it may be awumed that pe never brcomes lower tha

M

In order to calculate tha vanous factors governing the transportation of oxygen to U
ﬂwuithconvuﬂcmtodlvﬂelhutbmcmmddxapﬂl-rymhw“‘
reciprocally corresponding part, part 4 and part A.

Paei A n the capillaries b 1 g and in th |hnxmy-.umemyvﬂ\:bnmlﬂ'
and A gy depending upon the distance from the rnlrrofdm:p&m:\lbﬂhff“""d
A po repersents the presare needed to furmish the thanes with their metabolic requi
mcats. Oncr the thwue obtaurme the ooygen it necds For its mortabolren, part A b B
steady state and cquation (2) therefore m fimplified to equatlon (2 8) On further coamb
nation of equavon (2 &) and Fig 2, it will be remembered that f = fmes = A7
a0d puie = p7p o Iniroducing = Oand r = aintn (2 ) and subtracting ¥e £

A py = s — pria 551';‘ o

P.thlhl(;unwhschurmluﬂucmcdbyt}wmygmwmptbndlhﬂl’“:
t4 governed by equation (1) or (1 a) This part b fodependent of end tin » eeady
but dependent on them in - dynamic state. The correspooding part of 6
preseuse i1 (g — A pe) 11 A pe was part 4 governed by (he oxygen
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ehange in the capiliary peessare 1 reBected ooty m this part B of the thwue presare. From
(1 &) it will be scen that, In uﬂdym(:,pnr(Bd'dxl;me'\:).wtulhemﬂLbc
corrempond g caplllary part and  therefore eqasl 10 (e — 2 o)

The information  vmulable in  steady state b pot adequate to solve the cquations,

The increase In the arterlal oxygen premize when pure oxygen o breathed oust be
governed by amphe crponential fanction of tme 1 1t depends upon the washing out
of nitrogen from the abreali

=P (1— M4 p &)
where
P = differenco between the initial and the fmal presare.
P e inrimal pressure.
4 =~ cooszxat
“This equation we have found experimentally
The constants P,, # and & may be determined from mcasurement of the py during

type s (1) bt with dufferent commtanty.
The cquation o
PO =dprl—~ 4P

)
where

Apy = the difference between the inltlal and the final premure which, a1 b fhown
10 Fig 3, & equal to the total increme in the tiwoe premare and may
therefort be determined experimentally

- constant.
P = another constamt representing tho indtial promare.

U the po 10 the capulbarica s governed by equation (5) then oy maxde the timue sphere
b gos crned by another equaton, Caavx (1936

-
.,V[ -
M‘—AN—A—’L g_Y o
/2
D
a . P
e

(6}

—.m_’.')
1t — fa' D) (

(6 dors not grv the  baokute premnare, but only the meresse from the initial seady
stat The inthal preseare © P in (5) mmt bt added to (6) i order 10
reprosent the total tasue presaoe. prin (6) therefore, has ightdy different meaning
than in the other cquations, but it maght be confng 10 introdoco  new symbol for
the treuc pressure tm this equaton.
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At
-y
4
1"' frvere
o part B
b ek o S
i ary APy

N et

et sieody miarra Qpnaumic Finel wrety
Hee (3 ) s {0y ) i (3g)
—t

Flg 3 schermanc represcntasion of the trsse fresmure changes duang arygen iakalstion.
There 1 to the bt an toltial seady pate (5) and to the right final srady stue (89 B
betwomn which there B contimaons scrwca of dymamic satm, oo of which b reprocated &
Beaune of th .m-dymbu;,ms,mmﬁimwhamqml-mhn&ﬁ
It then follows from geometrical consideratnons that d y = tocal incress: in the tasue omsr:
T the mtermedat state the shape of the memes 1 altered became it w farxcd
(e original ehupe of the mennom and  soperimposed menlscin dus 1 the flow Lo the Kbt
of axygen needed for an incresac 1 twsac premve.

Equation (6) i xpplled © the part mdicated. 6) bea ¥
In order to get fo, PATL A 4nd ey st bo added 10 the from equation

the Tnilal Part B. Or om other woed™ The fisal meen capallary prossire = by g
be obeerved Increasc m tmse presure (o the initial tamie prosure whsch consesis of pat A +
part

P in ($) muwed a3 conventional sero level and o the gy of the it sieady st
Equation (6 ehows that gy ( ,¢) b made ap from & summatlon of cxponentisl wo
Before we can apply (6) 1 should be thown that an expermmental pr curve fulis sack
conhbom, and m tiempts o rectify the pr can we found tha to be the cuse. "
In order to calculat gy [ mrust be known and this 1 eccomplubed by rolving (6
foc the ke of convenience we writ (6) o b (1) then far £ = § we gt @
L IE Al )

(7) contains 3 unknowns, namely D and If we cuablah a sct of 3 equatioos ()
hd;ﬁamtvﬂuﬂafllbcmmmybc-ulvnd-nddnmuﬁnrmbﬂi

In order 10 sobve (5 and cbtam gy only P remwuns,
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Ar mentoned P 3 ey g From (2 ) st follows that
=) _,
éD
This can only be used i w and & are known from independent mesnrements whereas
and D ws fust stated, are obtaimed from (7). P b then calenlated and from thoe gy In
3)
(Tbeﬁmdﬁowmybemlmluniﬁumthenmumcfurygmwhichmmﬂxdnm
1 order to cbtain tiw scvernl stepe are netvded.
The difference between the brachml artery oy knd the po, In the capllarscs {pe—n)
B then grven by () mibtracted from (5) that B by
b “,-P(l-"')+’—dpe/(|~f"’)——" )

g pre-a+ ®)

The xmmmt of axygen that entens the surface of the tiwos sphere per unit of time i
gven by two terms equivalent to parts 4 and B oae corrosponding to the arygen con-
sumptxn of the theue, which 1t constant and grven by

3Q. -4 1ma?/

10
M\hemhﬂcmwmdhtm‘bemmnedtdhhnﬁdn;thcmhﬂdn\h:
sphere. This b calcutated by mltiplymg (6) by a, the solubudhty of arygen in the
which grvey the axygen concentration m fanction of § knd  If we multiply this by 4
7 r* and miegrate with respect to within the Hmin  snd 4, we obtain the smount of
oxygen proent in the sphere in fimction of time. Then by derfvating with rapect to £, w
cbtain the amount of ovygen entering the surface of the spbere per unit of thoe n func
thoa of ume. The resatt of all these operations i

2 an ApyDe=d [1 —\/E m«VE]-
o D D

sand ﬁS"’j = o e (1)
—8a —_ 1
" -

W — pam)

Callmg Q (1) the total amount of exygen entermy the sphere per oozt of time
Q 3Q. 9Q

ot dt ¢t n

Canm'F(HLbehh)dBﬂthru‘hLb:upahﬂﬂpawmdmmdth:dnhﬂnyd
ogen m the Blood w

F) ¥ oot = 7‘11 s
and
d
Foy = -g' They 14

\\'hmunchmun(l])uﬂ(”)hmmh:mbendtbn be considered
corstant only 1n limited parts of the dmmociation curve i
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Callmg Fo. the blood fow when breathing amr we may now define the arvgen vao
motar reacton OF AR a3

ovmr £ (13)
Fo
Thw actwad dactrods
The polntlike electrode only represents an Ideal case which cannot at prosent be resl-
fred becamse the dectrodes availabl have a mze which has the same ordar of magedtode

o be modified 1n ocder to fit the expernmental arcummancey. If the sctive nurface of the
clectrode b of the ;mme arder of magnitude s1 the mwxdmum section of the spbere the
presure monsured b not the presure ton point of the sphere but an yerage presae
over all the sphere.

The ttwoe preanwre read off with the electrode w then not the promre given by (7) but
B th presure grven by

- 1
- & @)
Fro '[m

Smmcdummwmwma.).mommuemﬁnhemlh
Sallowlng procedure s adopted  Maltiplying (7) by a (cxygen solubility 1n the thes)
obtam the amount of cxygen prosent at  and multrplyrex fgaie by 4 3 rf we obtain the
amount of cxygen prosent on th sarface of a spbere with the radna  now Itegratieg
wath respect to £ within the bty and  we obtal  the smount of caygen proest B
thesphere thisdinded by T #* (volome of the sphere) and xgain by i grves the wverge
promure within the sphere, the ronlt &

o an o 5]

Ny

o D=
- SoMpe ""ZT"E
wD (e — ")
=1} D
Tt will be oheerved that the unknown  has disappeared from (7 by and the ooly 2
knownsarc § nd D uulhcncnoughtoh.v::puruIMcq‘mUb)”d"*‘m
them w get f and D b
Once ff and D arc known from (7 b oaly P rermims to be cateulated before M
determmed from (5 #,, s sated earbier = pmex frgp ) B cxpermoentally s
to this value must be added the difcrence pmam — ro ) 10 order to give pues
defmiton fum = Jg o bry ) may abo be derved from (2 ) and

o9

fnu'a('ﬁa)t:, - )v%':;

3
b lru.n
mt
It follow that pues — Fry ,—;J—Banddgrrfuc

{7
G

ke
Falhermdd-cc-kuhmnmcpmudmchumenmeurcr!htwwhd’
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T it
Inordert get afBclent data to show how the theory outlined above may b pplied
some prefiminary meerements were done with the following methods.

“The arterial and the subcutancous pog were memsured  t the same time while 2 rubject
was given arr or pure oxygen through

The artrrial poy was measared with the Clark clectrode as described by Root «f o
(1939) A plastic catheter was lowerted into the brachial artery and blood smpla were
drawn t known Intervale The dead mpace fn the yyrmges was filled with heparin.
The blood was drawn »s quicidy 3 posibic and the mmple contidered ss taken
when kalf the syrmge was filled. Became of the axy gen conyumption of the blood tsclf,
the obacrved po, memsurements were corrected for the trme when the blood was drawn

using the figures for the oxygen comamption of the whole blood grven by D\t axpaxan
and Youmo (1951)

anode was placed on the skin & few cm. from the platipum catbode. 06 V was apphed be
tweren the electrodes and the reruldng current recorded by means of & LRB-Blomgren
polarograph

sumlar Therefore, the covermg of the dectrode docs not seem w0 affe rexpaose
of the dectrode. oo e e
mmmumﬂdlbbemprwvdbyﬁhn(dwm:m&:nmch'h
the respomse of the Pt clectrode and of the recorder
1 order o be able va sl the cquations, badda the data obiamed from these poy
mosrenenn, figura are oreded for m and « For an cmaton of the onygen con-
#ompuon thn was moseured oo plece of mibcutanesas tasoe mmediately after it was
ewed snd was foand w be 0136 107y see gromur This was measred polarographo-
clly with the dropping mercury clectrod by analysing the drop 1n o, camed by the
meubolien of  plece of twoc mmcred m - gincose Ringer soluton at 37° C.
Werzn and ZoTrrmua (1926) ghve  mean of 7 capullarscs per mm in the subcuts
of the forearm of man, which ghea  vatue of 0 007 cm for .
e of th of the o Bbeathon of the

dof'th and
becauae 5o correcnion w e made for the acima) temperature tthe pointof

0, tcasarermen
™ the themie the valuo of the cxpenments deserbed Bes m the posibiluty of apply ing the
cquanoct for  practcnl purpose snd not m the phrytiological rerult
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!h. g

H

¥

The changes m timse and arterial exyyen presure when a subjees i swiched orer from
breathing wr 0 breathing pure axyyen b shown kn Tig ¢ The coortens P addd
equation (4) were eabeulated from the cxperiarntal findingy by the method of tris! o
aTor

For the caleulatron of the oygen diffuston coeffickmt only the thsue curve b needed A
st of two equations (7 b) b extablubied with the expenmental pr values resd off froat
timue curve together with the corraponding values foc & The wluey chosen for ¢ o be
such that p7 i > 150 mm/Hy 1o order to symid any mterferencs from aa inconssnt
caueed by umanmation of the hemoglobin.

When wpiting down the constant, meticulou care mut be taken to give all the 22
In the sme umtary system. The C. G 8. systemm was here adopted for the
but the resulta are gven in mm Hy

\Itwn[ow:dcmvnlmxfmnbcuhanbecﬂuﬂswummmﬂ“‘"awh
1 troducmg = £ 44D after whuch 1t manes the form

8 I St D)
4= i — ey —_—
" L { cmlx‘{+a.2/.'(#_ .

1
where 4 and B are known figures.

Two limsts were chosen for £ 90 13 to includo all the bie “":_‘:
D and witbun these Limuty the cquatons were solved. (D for the twues sboud b¢
than that of water which s 18 108, Abo, f« & broawse the tamie joy 5%
incresse 23 raprdh s the artenal po, which furnshes the incresse to the e e

In a dugram g mqm.wm:mmmmmw«w‘:“
safutlon of one of the tw (7 ) equations The pornts of | tersectron of the ™
the sofutionm of the  tem. If several soluthons are ohtamed cech onc
sried. Tt will 1hen be found that ooty ane gl solution grves satnfaciory fguro
pomitive valua for e blood flom

[ baeta b
ch o
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1 evder 10 reduce the time foc sobring et of equancas (7 ) It was fownd comvenient
mnbuhm!.bau—m--l—[ 1—1 eot} ]-nd

- o Theo tables may then be
med for daferent sets of equatons e the factors wed are mdependent of the Individual
values of f and D

Equanons (7 ) may then be sobrrd by the e of  common ofice calculater and
loog sbde ruke.

When mecrting m i (10) and (17) it must be observed that m (10) m b expresed as g
0 conmumed ficr. fcc. time but m (17) it is cxpromed a1 decroa: in axy gen teomonfeee.

#Q,/#t s calculated from (10) and 3().y/ék i calcnlated from (1) By adding ¢Q, /8t
xnd dQ,/dt we get A0/t

The capiltary flow 1 calcudated from (14) and fn order to we this equation pre_n
ot be cakculated. \ ow"._qn‘nmby@)\hcrel!]ﬂmﬁt\lumknownutvp(
P which b obtamned from (

Finally the rnnhmh d acconing to (13)

A1 stated abon  the fiow b only calculated from the thne when the taene premare i

cume 3 actually connt of two parts the origimal y and 7 which b calenlated &
Sollkowr

It mut be determined how much oxygen the arterml blood relemses when pemmg
the apdiana The tutal p = known and the mtial p, o abready calculated from
(3) The pH and the ox) gen capacity mat be moasured and by the meam of thr otygen
drmocianon curve the amount of oxygen rebossed 1 calculated This amotnt, divsded by
the presare drop between the artery and the capellary grres the merege ym m that
range of presere. Foalh ¢ = p + ym o tnuoduced m (14
Thus the iramal flow n obtamed. From ths pamt to the pomt corrapondig 10 pr =
= 130 pn /Hy, the cuny the flow was drawn by hend. The details of the

TEpresenung
cun from the begmmmyg to pr = 150 may if pevowan be calculated with the proce
dure described.
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Results

Taking oxygen curvex from the subcutaneous tisue of the forearm of two
healthy male subjects we found for case 1 values of D =090 10~ and a2
107 100 em. [Sec.

These values are of the expected order of magmtude as compared with in
vitro mezsurements 1 different tivaes — Trrws and Neeeer (193859}
The artenal p,  the capillary flow and the vasomotor reaction are shown
together 1n Fig 5 (case 1) Very mumilar results were obtained in cuse 2

1f the blood flow u recalculated m ml of blood per mun. per 100 e. c. rub-
cutaneowns tssue, the figures are 17 for case 1 and 16 for case 2 This agrec with
plethysmogmphic measurements such as those of FeLner o of (1934)

Discussion
The proposed mathermameal treatment of the p, curver from the mb-
tmues includes several ptions, two not joned carbier are

the comtancy of the intercapllary distance («) and the oxygen conmumpbon
of the tsue (m) It 1 posmble that for exact mensurements the figure for « =27
hase to be determuned in each case. 1, for instance, w increases with increasng
#o the figures for the capillary blood flow would be hugher and the figure
the vasomotor reaction would be lower This may have to be studied for each
particular teue and mndividual investigated. It follows thatif ¢ or sy are vam-
ble, further mathanatical treatment will be necessary but the
ﬁgu:n:obuuncdmmmmatc!hntmcmmpdommldcmlhcprﬂtﬂ‘mdf
are justified.

n the caleulanon of the axygen diffimon coefiaent the resuln obtalned 210
more exact a3 ; does not enter the equatson,

The effect of oxygen 1nhalaton itself 13 direetly cvident from Fig 5 1t vl
be seen that about 2 mun. after the inhalatyon of exvgen has started, the
ﬂclwumdoa:dlndlhcgnmulrcducuunwnmuﬂfo«lboulﬂmlﬁﬂ'l&
'merease np has stopped Thunlh:dl‘cctofdwvnmotarratdaﬂ““‘m
at the leve] of the artensolL. If the mtia] dinmeter af the arterols 1 commdered =
1 the final dmmeter 150 80 10 case 1 and 0 B n case 2. In the brain the co™
sponding figures have been observed by Tuews (personal communicaven) ©
be 1l 083

ﬂnmﬂhodhmdmbtdfcrnndymgmcﬁnmgmﬂ'nma‘h‘“yg:
ﬂawwdmcunuuutpcoﬂlynm!cdfulh:mbcuuntmnumbfﬂ“’“{"
low oxygen comumption m relation to the blood fow but t may be wad
other structures uch as muscles. ol

The man value of the method for analyies of the g curves here prexcs
Eumthepommhqd‘mmrgmemmdaﬂ’unmwdﬁa:mlnvhﬂ

Secondly the amalyses ha e indicated which factors influence pr concs

tarnable with & plaunam electrode.
The figures for the blood flow oxygen vasomotor reaction and pﬂfaFu‘h”
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comtnchon during arygen breattung would be obtanable with other already
atabluhed methods. But under expermnental arcumstances where one wants
to measure the tayue oxygen temslon, 1t must be an advantge to obtan values
for blood flow and s on without tha we of nddironal equipment except for
apalysa of the artenal axygen tenson.

At ane stago in this work we tried to do tha calentations by mocane of an electrome compater
These hors were Kindly at the D of Math by Prol Q. E.
Fromza. W mfwmmmmhwuﬂymmmwmmw
criticiam erpechilly De. G Txxwa, Kiel, This stuxly has boro sopported by grant from the
Asocution fox the A\ of Celpplad Childrae, New Yok, U 8. A.
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Analysis of Prenatal Spmal Reflex Activity in Sheep

By
L. Axcokap R. Brrowteom and C. G Bexxuano
Recchred 28 Apxd 1971

mhitetson were obtamed. Decerebrate rgidity was ot
unt] the eod of the gestaton poriod, the total leogth of which B
about 150 davs 10 sheep

Introduction

In carhier investgatons by ¢ ¢ C.\mm;\uouthegmnmm“gm‘”d
MBAmDH:nd&no«onlh:sbap(mmcwlmlthEP’m“’l&'
elopment .f both sp ard reflex 10 resporse 1 different
oypes of stmulatien was gudied by observang the mmmmtx.Adosﬂ"mdf
uf!hclpPQ!mnndlhcdnﬂopmmldeﬂmllpmlrtﬁaﬁmﬂw
with electraph w dogical methods dunng the prenatal perrod has, howee
never been mad ummem:pdmdmmcpr:hmuryob’ﬁ"mm’*
brmmkluandkoum!l%hmwnnmmmlhlhﬂfﬂ
of induced cortical U 11 10 sheep fetuses duning the last part of the gt

penrod.

Proscot sddrem Deps mem of Physolog Laheay of Hellak

128
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g b

o {u g a1
1)
st UGNy
1 Fectronmyopram Erom m. perimoic ta rowpane 0 mreich n
F&(:'.J-mh aamm«?\mmmmmwu:'
-~

Ths mvestiganon mums at the chucidation of the prenatal development of
scgmentsl reflex  envity 1n the lumboscral part of the cord. Specal attention
war pad to the relaboo between cxcitation and mhibition wnd their
nterreiation 1n the fi 1 development of reflex diffe !
A prclimonary ceport was given at the 10th Scandinavan Congres of
Phynology 1n Oulo (Axcaixn, Brrostadu apd Benmaap 1960}

Methods
were performed o sheep fetmees with weaghts from 12 g to 2,650

of the cxpermxnt m order to study the of decerchrate
prcoatad Appeamoce ngidity during the

Dextran was gnen y 10 theew byt drip and
Leep the whole preparation &2 body temperatize. pand care was ken to
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Sk_tim
N "oy B
LN
| st
o T Ay
n Strmy

My
£ Fig 2 Flectromyogram from »
A R L st (L ) 2 ropems

= strog umber leve 1D

i teval
E 2 oy
Lot i e e Lo o (2

Resuhts

All fetusea used 1n this matenal showed spontaneous and reflex movenest
both when they were kept in the exposcd umpunctured ammniotic aac and efier

solution indicates that the reducton of the movements after truptymg the B
1 not due to deteneration of the prep-nnonbmdcpcndlnymunﬁww!“‘
mechamcal conditions. The muscle contractions of the xmall fetes are ob-
v-muxlymowukmruultmmvtmmuw}md}cfchunnmnnmmlﬂgm
Dlh:nmmodmgmm-mmmcﬁmd.Th:EOGr:mrdmgnbmmdlhﬂlh
gmu-;ldmpuluentcorzhcmﬂfctmawunbou:?ﬁpamtms?ﬂ"’"
the ferus -as totally exteronxed than when it was kept in the unpdn¢
amniote e All the expenments presented 1a this materlal were
on fetuses whese heart rate veas of the same magnitude as that obisfcd
after delivery

Fig 1 shovs the electrical muscular activity of st gestracmmes MNP
mpomcm.mgh.mmhatawmmdo(mukedbymemxknnehd"
turd aang) 1o 4 33 g fehus (calculated age 61 days) At seen there B2
Umguhrmmdelmwrydunngt}twholcpuwdofumdxﬁnnﬂﬁ'hy“&“
b of recruung character during the first penod of stretch Thus b more clarl?
scen fn Fig 21 whuch lhmnther:cordifmlrctmw{dllalwhl:;:
dGOdlerlcﬁwtquﬂnmdcdfmmthcgumaﬂhﬂ
inm-pamcmmttdnlulhucxmmmtdwmndmrdnmlhm 2 1l
at the lower thoracke level and Apally destroyed. The recond In Fi2
taken after apinal transcenon mill show a response (Mg ) 17 ‘d’“lwb,
the actmity 11 pow much lem pronounced dmmu’k the |
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Mt i
——y -, v T
Stemg A
Mg
-y Aprer 8 [ %

annﬂmwﬂwwmwmmHﬂh

E2 230
PTITTT I AT TR T
B LB e ot oo 0 S TEOL HL TR

sherw the ECOa of the et the ow  (Eg.

sacral spinal cord the roponse to stretch dappeared toally as seen in Fig
2 111 Experiments of tho type show that the muscular response to stretch
13 dependent on an mtact sprnal ened. As seen in Table T the moscular actmty
1 M. gestrecacetas N respome to stretch was tested 1n 17 fetoses of varylng
£0 and was obtamed in afl fehnes older than 38 dayy, whereas no wuch
respemse could be obtained m the younger fetusos tasted (ages 33—38 days)
In 14 fetuses out of 17 preparations tested, the actn ty 1w fthsedts awicrior
wm recorded mrmultancowsly The upper and third tracmgy n Fig 3 show
the nctivity picked up by & needie clectrod 1w fblis et (M. £) and
n goinaomss (ML g) rapecvely 1n a fetm having a cakeulated age of 67
dayv. As seen a stretch of the gautrocnemnn muoscle (St m. g) b followed
by activity not oaly wn the gastroonamuus muscle bt abo m s tbsedis extermr
Thn type of response to stretch of s pastraciomns was obuined in all fetoses
tested w th aga between 60 and 81 dxys. In some of these fetuses stretchung
of the gmtrocnemum muncke was performed akso 1 periods when there was a
background sctnty m s Gétells entermr and vice vers. In these experiment
sigrs of anmagonmtic inhiliion were never scen but always ugns of excitation
of the anagott, as ilustrated m Fig 3. The youngest fetas 10 which ugo of
ntagomste inhibition were observed had & calculated age of 90 dayw. An ex
perment on ths ferms b illustrated 1n Fig 4 The first record shows bow the
ct ty in m. gastrecnomno ovoked by tretch (Str m. g ) dimmbhes when a
slight siretch 1 pplicd 0 m. by exterser (Str .} The activity in s, tbuits
#nlawr in raponse t stretch b shown In the third traang (AL t)

In most fetuses (15 out of 17) the effert of rpsilateral skin strmulation (pinch-
g the dlun of the foot) on the actnaty in s gestrscarsxs was Investigated,
1013 et physrel scand Tol 53
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Fig. & Inbibiton by skin setmomlation (8K, stim ) of the ln-r‘*"::
§) cvoleed by sretch of the muade (S m. ) In  fetum with gzl 72
gurlhmﬂrm:dﬁthunndmmq:@dy

In the expenment fllostrated in Fig 2 1 made on & 60-day fotu, fpailateral
plon sumulation (Sk sum.) had no inhibuory effect on the actlvity in =
gastracsems In the fetses of thus age slan stimulation was imstead

by an incresse of activity The carliest age at which ipsilateral skin sumualaan
veas found to mnhubet the activity in m. gastrecaemas was 72 days. This cffect 8
Allustrated 1n Fig 5 The upper tracing showa the slowly wncreanng actnlty
In m. gastroceenes in response to stretch (Str m g) which was Inhibited by
pinchmg the sk between the cloves on ihe mame nde (St Wim) o ¥
fn Table I mbibetion 1n respom¢ o spsilateral skin sumulanon was obtxined
in7fcnuamnd91umdwhhngu-bovcﬁ9day1.T;hlcltth”“;
wheress reflex excitation of the motoncurones evoked by stretching the o
could be obtained around the 60th day ugms of clameal inhibition (doc ©
stretch of the antagonntic mlnclcotwlpnhtml;hnnunuh'bﬂ)ﬁwm:
be obtained untl later oo dunng the pruunlpa@T-b)eldmﬂmL'Lm
sgns of reflex in}ubuuounnkcdnd»u&ummugmntwhyﬁﬂm‘z;w“
could be demonstrated in 8 out of 10 fetuscs tested with ages above
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Tabde I
Weight, § Calculated  Decorebrate M. gaet. Inhib. of M. Ishib of ML
ngr, dayy rigulity resporme 1o gEM. TErpOTIe gL Fewporec
stretch by tpedlat, by stretch of
sl atim. M th ant.
i} 5 - - - -
2 37 - - _ -
2 » - - -
B [ - + -
It 6 + - -
0 - - + - -
s n + + -
50 o —~ + + -
4“0 %0 + - +
500 o - + + -~
=5 m + - -~
1370 nr ~ + + -
1520 118 - +
1730 110 ) + +
1850 n ~ + + ~
2300 7 ~ + + +
1650 1 + + -
Newbarn. + + + +
Adute + + + +

The cffect of decercbration at different prenatal stages was abo investigated
In this matenal 12 fetwses with varying calculated ages from 53 to 132 days
were decerebrated. As mentoned abave, decerchranon was performed after
the reflexes described above had been tested. Clear signs of decerchrate rigdity
were only found at the end of the prenatal penod (sce Table 1) In newborn
lambs decerebrate nypndity way regulardy obtansed as in the adult sheep. In

Hg
!
Mt
II\J(___ "~ [T
Stet
Skutin

131 see
IR IHHHHHHHHHHH!HﬁTﬂH

P & Dffct of palluseal sk lluton (B o) € st of
the clectrom iy

emicroer (Ser L)
o wn‘rmmmm?:m‘&nﬂlmmhmc)h decore
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some of the younger fetuses the different types of reflex activity desibed
above were tated and found to be unchanged after decacheation.

Fig 6 shows clectromyograms fram m. gastromser and s fibuhs evioer
o a decercbrate newbarn lamb The typucal tonic discharge in the extemor
mucle (M. g) characterntic of the decerebrate state was never obtaned m
the fetuses before the end of the gestation period. Fig 6 also shows the mhitatian
of the tomc dncharge following a shght stretch of m fibralys extenor (Str €}
the reflex reapome of wiich 15 shown mn the thurd tracing

Discussion

It was found that muscle activity in response to stretch could not be evoked
until about the 60th gestational day 1 the sheep the total fetal period of
whach 11 about 150 days. It has been clamed that stretchung a fetal mwde
may act a3 a stamulms for the contraction of the fibrey m the absence of the
spinal cord (Mpixowski 1928) The fact that the muscular response described
above was found 1o dmappear after destruction of the lumbosacral part of
the cord shows that this response to stretch 1 to be regarded as a spunal refier
The questiun then armses if thrs “fetal myotatic reflex” which -ppcnnﬂw"d
the 60th day 1 evoked by stimulaon of propriocrptors. In this context 2
should be pointed out that according to hutologreal mvatigations (Drxey
1940) umple defimte spandlen appear around ths time m sheep. A comparmoa
of our electrophymological observatons with these histological data woukd -
drcate that the “fetal myotatic refler demanstrated can be evoked from mucle
spundies and that the lack of thi type of reflex before the 60th day may be
due to an incomplete development of thus receptor funcuon. So far we bave
not made latency measurements of the nerve or motor root reflex responss
to elecncal sunrulaton of afferent nerves at this carly stage in order to obtas
dence for the of yaptc reflex trangmimon, In coapecn
) with other mvestigatons (Berwraxp Kamen and Korwobrx 1939) wxch e
pmmmu“crcmad:unolda-fctmwh;chmdsc-mdlhcamcnmd'xprml‘ﬂ
ynapuc reflex 10 sheep fetuses duning the Lot past of
gestanon pertod. In this context st should be mentioned that 1o pewbor®
Jattens propriocepuve reflexes are mediated by t o-nearon ards (Sx0tN?
1960 b)
At the fetal age of 60 days sireteh 1 obviowsly followed by exataton 26
only of the motonturones mnervanng the ame muscle Lut ako odher mwekt
and even antagonuts. Furtber the expenments indicate thas &t tha st
reflex exaitation domunates mince po mgns of reflex inhibluon WN;"'

procepuve and exteroceptive stmulation could be found votl the “2nd

Thm,lhcrelccmmbcnfculpenoddmng“h}chu}mhl Y
Jack of balance between the excatatory and shibatory mechannms wh z
explan the diffise and widespread character of the refiex actmty Tb:m“

that dunng this perrod no gmnfmhxblmnawldbeobuhvdl’lh’
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of exteroceptive and proprioceptive stimulaton, although both types of strm-
ulation evoke wadespread reflex movements, mdscates that the absence of m-
hibition 1 of central order Thrs conclomon fs 1n accordance with the results
of sproal reflex experiments on newborn aats (Marcory 1953 and 1953) the
functional central nervous maturatson of which fn relation 1o birth fs delayed
campared with the sheep. \aLcoru did not find any signs of spinal inhibion
in the newborn cat. On the other hand, SkooLuxD who abo wvetigated the
postaatal development of spunal reflex actnaty In kuttem found mhibition of
xtenson fram flexors to be potent and loong-lastmg (1960 d) and referred the
different results in newboen kittens to vanations 1o matunty of the kittens at
berth (1960 a, b and ¢

Tt shonld be menbooed that mmcular actvity can be evoked by exteroccp-
tive stimulaton at carher fetal ages (in sheep from about the 35th—40th day)
whach zctivity seems to be of refiex order the tngemmal region being the most
sensitive reflecxogeme xone in the carhiest stages (scc Baranoer and Bamrox
1939) The ropome to shmulation of the skin, ¢ g on the nosc or on & kg
m these young fetwos develops mio & generalired reflex movement winch
according to Barcxorr and Bamwox eventually becomes resticted to the
nruscla of the regron strmulated. We have abo studied this early gencralmed
type of fetal reflex respoase to pive . mmder 1ntra

and extra-ammot cond.\umlugmallu‘ufclmdﬂntlh generalired

by Bamcxort nd Barmox (1939) who only otnerved the movements followmg
different types of sumulavon, diffuse refiex respoma to proprioceptive sum-
ulanon thould appesr somen hat earlier (48th day) than found 1n our electro-

invesugations (60th day) but mnce they used flipping of the
Emb &3 timulus, exteroceptrve stimulaton may have been involred m thar
expenments.

Finally both the fetal myotatic response and peripherally evoked mhibibon
af this rponsc wcre obser ed long before the appeararce of decerebrate rpudity
characterized by the smstained tonx mncle activity which was obtaned 1n
the hant part of the prenstal period and in the newborn lamb. It » intarastmg
10 nott that in newborn ivens no tonic reflexes can be obtamed from the
muscles concerned w th decarebrat  mgndity (Skootuxo 1960 2) In the
anmual, the dech of ] 1n the gastr musck in respo
mam:h\»ufmmmbepinncubhh‘amxdmgmrm!mhom
by SxogLux (1960 ) who abso cancludes that powt tetanic potentiation plays
an ewental role for the ppearance of the tome stretch reflex (1960 )

The i estsgations were performed  ith support from the Office of Scicnnfie Research of
the \xr Rescarch and Coeamnd. Uadted Saates Arr Force, through La

European
Officr  Coatract \F 6] 052— | from Aagnos Bergvaliy Stfeche and from Sdfichen Gumaf
och T ra %ncomoms Mlsowme
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LACTATE & W8 /5
DRY WLIGHT
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-

SCNUrm A IR -
- —

- Fig 1 shom the mmyocardial bacaie

concratration in hedg-bogs
JUNE  AUGUST FEBRUARY MAMCH

NON HIBERMATING  HIBERNATING

aspect the authors have determined the lactate concentratian 1n myocardis
uwsue in & non-hibernator the guinea-plg at normal body tempersture 2ad
dunng hypothermua and in a hibermator the hedgehog, during the summet
when the anymals were pot hibernating and during hubernation in the wmt

Material and metbods
For the w wsed 45 hedgehogs (Fig 1) — 23 in & pon-biberating e of
which 6 In June and 17 m August, and 22 in & hibernating stat of which 19 fn Febnoe?
and 3 1 March — and 49 una prgy (Fig 2) Of the gunea-pip 10 were wed
controls 15 were cooled 1030 C, 4 of which were kept £30 Clor tw boun 7 sk
were alio coaled to 30 mecmmwthcp«ccdm;mdﬂrwm-ﬂ?‘i"
snnmals recerred arufisd respranon from  temperature of 223 C 3 anomsl
ooled 1925 Cand krpt \&n\m\mhmommmww
Hunng th wbole experment 11 animah were cooked 1020 € receving rufical mope
ton from temperature of 32 —3%34 C 3 rnrn.lh\eftﬂxiedhhjkm.“ﬁj
raperation and then at 30 C the aorta and both venat cnse were clamped for 2
The hedgehoms were d ed when whikc the non-hibernating ey
were firl anathetized w th nembutal, During coolme e rancs-pgs were afo 52
centh ancstbetzed w b pembutal a1 1o inbibat shveniog The arulicial ropinsven
prrformed with purc ox gen through  canmula i the irachea -
An enxymate metbod dewcnbed by Homosst 11957, and slighd “’Udm'db“;,,.
ned for th lactat determnauoms At the end of cach expenment the brart w3
duately remoncd, nmwd m old water for a fow arconds then quickh frozen by
it 1o 8 zmall glam tube which was surrounded with sl carbon diorde
The lactat concentraucr was determiond on wet twese The  [os wae o
o mag dry woght T obtar be chivon brimeen dry o wet weehs (PO
ahout 0.5 g - werr d  d \emperature of 105 C for 2 bours nd tht
racuuma depocator with phospborows pentasd ot ey nebt. \
“The t analyss 1At was ined for cakculanng pombl d fTerence briwern (b 207
p vatue of 001 or 1o 18 Trrarded a3 ugnibeant
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Fig L st e myocerdial lactare enncrntration fn qrosespigt

Remlts

The rerults are grven m Fig 1 and 2. The range of the values obmuned 1n
the hedgehegr was rather wide apeaally in ammals hibernsting 1n February
with values varying from 1 4 to 10 4 mg/g dry welght. Mo ngnificant differences
were found between the separate series.

There was a lower lactate concentration in the myocardial tiwue from the
control gosepigs 10 which the samples were taken jint after ancthesia at
pocmaal body tempersture than in the hypothamic ammals (001 < p < 0.02)
Animals kept for 2 hours ¢ a body temperature of 30° C showed no signuficant
difficrence from samples taken from ammah that were Lilled immediately after
they had reached 30° C. “or was therc any dutinct difference (p = 002)
between animals that had recerved artficial rapustiont 30° C and those who
had not. When the temperature was decreased further the lactate alus did
ot change but remauned on about the same level as at 30 C. The valoe ob-
i ed m arumab fn which the circulanon had been clamped for 8 mm was
sgnificantly higher than the control vatoe (0001 < p < 0.01) and abo higher
than the valoe obained at 20 C (p = 0.01)

Discussion

Tha study was made t try to establish whether there o 2 ddlarence in the
metaboluam between hibernators during the lubernating and non-hibermating
penod — xrme Bacts rpeak i fa of of ths — and to sce how & pon-libermator
reacty metabolically to a Jowered body temperature. 1t b obviown from Fig 1

ro—
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-
‘ “  Fig. 3. shows the serum aldolie concentration in hedyeiop
in & bibernating etat In Felrusry sod in - nos-ldherssteg
o - wate bn Aoguet.
FEBRUARY AUGUST
1158 Rty 14

that as far as lactate 13 concened there were no great changes in the hibermtort
We abo studied the serum aldolase concentratron m hibernating (Febniasy)
and non-hibernating (August) hedgebogy. As shown in Fig 3 the mean vahe
durmg hibernation was higher than that obtamed 1n the summer There &7%
however rather few values and two in the February seres are unusually higt-
If these two values are omutted and if one takes into connderation the hrgher
bematocrit values in the hibernatng anmab (Biomcx, Jomawssoy and Voot
1956) t 15 doubtful whether there 1 any profound difference in serum aldols
concentration 1n hibermating and non-hibernating hedgehogy.

The lactate content 1s conndered a relfable mdicator of the degree of anarobe
jmetaboliom 1n & tsmie As it bas been clumed that hypotherma produces &2
anaxic state m the myocardium we thought it of interest to see if this post
anoxia was revealed m an mcreased lactate concentration n the usuer AF
though the contro] valoas were lower than the values obtaned at hypotherme®
levels thus difference showed only a borderline ngnificance. Even I the anmsb
apparently breathed well at 30°C we adminlitered ertificial respiration to 900¢
of them (see F'g 1) Thn, however d;dnotdcu'uxthch.cmelme‘hmlb;
animals were cooled to 20° C and 25 C and kept at these temperatures A€
hours the Lactate content did not increase. There was rather a contrary teades?
when comparmg with the values obtaned at 30° C.

The concentration i blood of Lactate dering hypotherma has beea report=d
by cifferent authors. VyADDELL, FALy and Broziow (1957) obtamed s

Aldobsse was chosmn becawse | one of the mose fmportant enrynecs on ol rd*“h"‘“"":
ctabolian of earboindrates. Aldobae way determined sccordog W mctbod by ST

Lehmmger (1949)
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elevation of blood lactate after the md of hata and hyp

man but no major changes occurred during cooling In dogs humw ot af (1959)
obierved po change in the lactate concentration dunng coolg to 17 C. Bath
these teams found a marked increase of the lactate level after smgery and
circolatory occlusion and following rewarming TioRN «f ol (1938) found no
change 1n lactate concentraton 1n brams from rabiats at 37 G and 26° G, nor
were any changes obwerved in other organs examined incloding the heart. How
ever of the bralns were rendered anome er nchemic there oconrred a marked
increase in the lactate coatent.

Ouwr resulty are in conformance with those publahed by Trorn of of, (1958)
The increase we noted at 30° G mught be explamed by a subclmcal shrvermg
lactate p ding mto the my d. a1 2 result of the increased serom
lactate concentration. It is not camsed by ancxda due o Imufiaent
since artificial reprration with pure axygen did not change the result. The hypo-
therma per 3¢ s probably not the caine of the Increase (winch shows only a
borderline mgmificance) for there n po further increase with lowermg of the
temperature,

The clectrocardwographne changes observed dunog hypotbermma have been
interpreted as being of an ancoc nature (Lawor o ol 1949) The peesent in-
vestigation does not rupport this view since the incresse in lactate concentraton

1s only of margmal egmficance and does not merease with lowered temperature
a3 do the electrocardsographic changex

Tk work wae sapported by mmmrmdumdmvmmmmd
and from Svoola

W mmw&mmwsmmm
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Tw  changes were observed, ocamonally sfir 5 snd 10, carbon

Changes In earbon dsoade tersion and blood pH - re known to influence the
action of neuromuscular blockmg agents in clinlaal anesthesa (Duwoex 1952,
Scurn 1904 Grav and Frxrox 1954) Pavxe (1938, 1960) and Joraxsex and
Osooor (1960) d this infh P Iy in cats by recording
the mechanscal muscle response to perve sumulation Wth the ame techmque
Pavre {1958, 1960) also studsed the effect of changes 1n carbon dioxsde tensdon
and blood pH on newomuscular tanzmhsion i cats which recaved no
neuromuscular blockng agents with vanable results. Th following experiments
were demgned to obtam further information on the effect of alkalosls and acdons
on neouromwscular tamsmimon by employing & more prease techmque of
mestgrement.

Material and Methods

Tharty-five albloo rabluts weighmg 2.0 t 4 1 kg were wed. Fourteen (group 1)

ackdoehs, 7 (group B) wed as & contral study

of group A, were given cpuephrine . and 14 (group C) were cxpascd to metabolic
and

sodrum {28 mg per Lg) was ghven L v for the
about 2 hours befare the Procame chiorlde
ancathetic

locally wus the only other sdmmbstered. The right femoral artory and vein
were aatheterlzed. A tracheal cannuia wat imserted twough & tacheortomy in the
rabbitn bedongmy to group A 1o faclitate hypervennia the adenlnt of

the skin chased The rabbit was strapped to  table of appropriate sioe and the left kg
w24 sccured with adbenve tape.

The sanals was  aquare wave pube of 10 1o 30 gmee doravon, The  oltage was

recorded throaghout the
with  variable interval were maed,
storuhzs was about 23 stronger than the fro

Prient. the perdle elettrode was adjusted umnl  wmphe response wat obtakned with
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& nglfe Stimulus Doubls Stimulus Stimulat ox 3/rec

~ ¥ 3

P ox mal DIl tal

4] mVI
|

c d Smsee
D atal Dratal
Frg- | Rabhit no. 37 Ekectracal regponse from 1 muscic after suprsmecmel
of sciatic nerve. Initial record - duction Ume, &—¢ =
nerve conducton thme. b = amplitude of regponec, d = durtion of respome, = abaciee
refractory peniod { = absointe irrosponsive period,

the highest pomibic amplitd  and a thin, sharp wital deflection. The electrode ¥
then fixed in ths postion with collodium and adhemve tape.

The foll were red (Fig 1)

1 The voltage and durstion of the stumuhm peeded to give » maximal response As2
alrght merease of the strnulue win occadonelly necesmary
the needed changs m voluge had to be at kast 20 V. with unaltersd duration, t be
copmdered pgmbeant. e
2 \ewromncular conduction tme the tune Intcryal from the beginfng o

applicd through the p 1 cl de paur to the begt of the rospoasc
neuromscular cooduction time (Fig 1 a—c) Smller changes than 0.2 mee conkd st
be messared

4 The amplitade and duration of the rapons (Fiy | b and d) For oo apraret
resson the amphtud of the potentzal could changs 0.5—1 @V without aa alicratis

>4
the respo?
6. The absalute irrapoasive period the shortest me interval betwern ot
cvoked by two supramaxmal sumals (F g 1 6) ‘Sepaller chaoges than 0.5 meec ol
be mearured accurately
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7 Thumpnnxnnepcucdumﬂaﬂmunnuu{!pcrmmmpﬂmdcunhe
respante did not changr during repeated olowa
block was

lncrdcr‘ to malnmin  narmel blood volume dextran was mfused & v in amomts

roughly corraponding to the blood loas. Arteral blood presmre wis measared

mmm-mddmmmmuimlhcnmmmdthdmmdmb-
taloed at a Jeved above 60 mm Hg bya
telcthermometer It vaned between 41 and 43 C',nu(chln(lngmdnnl.ﬁdnﬂn'
aingle

= duced

chanieal 5

porasocy was of the rabbit.
The roporator wed was  pasthve-negative mpmpwhh\hﬂzﬂnhlruhm:‘n
meressed 2.5 to 3 times the Jevel known to mafntain  normal blood pH and earbon

hoide tomon. Hyperventlation was cantinucd for 10 min. Respiratory scidosts was

ndmhrnﬂmdi,lﬂ-ndm%urbmdnﬁchmuchm
thon foc pu‘iodu(lumln.hwml entilation with air for at leart 10 min precrded
the fmtial recordings. Arterial blod was drawn after each 10 min period.

group B. Epincphrme

® was inpected L v Sor 10 min with wammlzm(-smsmml
which was congidered to be above the amownt uring sevore strem (Bowmax

and Zanm 1938) Recordings were made before durtng and up to one hour after the

imjection. A Sow mmples of arterial blood were drawn,
Metaboic allalonis was produced by v infection of 0.5 N sodium carbagatc ackation;

8 to 9 men were ghven over  period of 2 to 3 min. Metabolic acidosts wee producrd

Arterial blood
wea drawn befurs the injection, ane mmute afer the end of the mjcction and 5 o 15 min
tater

The blood sermples were analyred for carbon diaxide content by the metbod of van

Slyke and the pH of the srtertal blood wee detormined camg  Beckman pHemeter

Tbep-ﬂhlmofurbondlavﬂ:hnﬂ:rnlbbodmcﬂmhmdﬁm:b:ﬁngn—
The

E
i
i

Grrwp A. Two severely anamc rabbits were excluded from consideratron.
Results of amalyxn of blood samples from § of the anummaly with alkalosls and
&umﬁufth:nmmhmduddaﬂa-boutdth:zpw:otnlmnpummphﬂary
alkalous and aadoms were produced with no sgnificant change m plasma
pousium. During respratory alksloss the pH in the arternal blood was
between 761 and 7 79 with the parual presure of carbon dwmde between
<10 od 18 mm Hg. Corresponding values dunng respiratory acidorls were
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after 5, carbon diomde 7.26—7.50 and 48—54 mm Hg after 10 % carbon
durnde 7 02—7.20 and 62—92 mm Hg and after 20 %, earbon dioxide 6.83—
698 with the carbon dloxide temsion invariably above 120 mm Hy All plasns
potassium values were between 2.2 and 4 6 meq/l and the maximal change
dunng one and the same expenment did pot exceed 1.5 meg/L.

The results of the neuromuscular meanrements are summarmed under the
headings deficed 1n the section of methods.

Resprratory alkalosis.

1—7 No sigmfl fl an the neur 1 wus found
1 the 8 exp

Respiratory acidosls.

1 The sammidut necesary to evoke & maximal response was fourd to be -
creased in 7 of 8 exp after 20 4, carbon dioxide, 1 4 of 7 after 10 4 carbon
dioxde and 1n 4 of 7 after 5 4 carbon diamde. In 3 of 5 exp. the simds
necemary to evoke a maximal response again decreased after normal ventilinos
with mir One rabbit was exposed to 20 %, carbon dromde for a second perfod of 10
min which again ramed the stimulus necesary to evoke a maxmal

2. The neuromuscular conduction ime Increased 0.2 to 0 6 msec 1n 9 of I
ep after 20 4 carbon dioxide and did pot change ugnificantly i the otber 2
In 4 of 4 exp 1t returned to 1ty 1m tal value on wormal ventilation with alr
One rabbst vas exposed to 20 % carbon diomde for a second period of 10
which agamn produced a 0.3 msec increase 1n neuromuscular condaction toac.
After 10 4 carbon dioude neuromuscular eonduction ume merosed by 5
much 3 0.2 msce 10 only | of 11 exp and after 5 4 carban dioxide In coly !
of 9 exp Tt did ot change agnificantly in the other exp (Fig 1and2)

3 Ncrv:onnducnauumcdccreuchSrmccmoncmmm!mddﬁdm‘
change mgnificantly w the other 6 However dmﬁxmbdnam‘mﬂﬂ
fmbﬂmzhrgu-nmhcnunla:-ccmummmtmmldﬂ”‘b‘
neuromuscular conduction tme.

4 Provided the lus was d sup ! by mereasies ¥
! hen necesmry lngmﬁcantdccruxmlheumphmdcdlhﬂfw:l:
recorded 1n 2 exp only Anmanxwuncvcrfwnd.’[‘ttduﬂm"[
raporse did not change

5 o comsmnt change n the absodute refractory penod was found

6. No comstant change n the rresponsive persod was found _—

7 Subsequent responss to repeated stumulatron at a rate of 3 pf
shos ed no decrease n amplitude a3 compared with lheﬁmmtbwd'dw

The revults of the expenments performed with ut sampling of
differ from those 1n which blood was obtained.

Gresp B Amalya of blosd mmples drawn before and mmediately 20
wnjectron of epinephnine n 3 exp showed that no sgruficant cfare?s
occurred. The results of th  peuromuscular measurement  arc
under the hendings defined 1 the sectron of methods.
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om. —

of 10 %, exrboa dlonde for 10 mun. IIOMV
€ Reeordmg fter admatraon
of 20, carbon dioxide for 10 min

1 The shmulus necemary to evoke a manimal reaspomse was found to be in-
creased dirmyg the injecton of epineplinn 10 2 of 7 exp
2—7 No siguficant mflvence on the neuromuscular tranemison was found
1 the 7 exp.

Grewp C Duming metabolic alkalosts the pH of the arterial blood incressed
0 betwreen 7.53 and 7 70 and the partmal pressure of carbon dioxide was between
285 and 35 mm Hg (3 exp) The plasma potamnm  cmalned ementally
unchanged. Dunng metabolse acsdasns the pH decreased to between 6 82 and
722, In 5 exp. twma below 7 112 7.00 and n 3 above 7 The partial presare
of carbon dionide was between 2] and 39 mm Hy In all of the experments 2
slight Increase (0.3—3 megfl) of plamma potamlum was found, the hxghest
noted value bemg 6.5 megfl, which i bedow the level necesary to induce

raponse.
2. Neoromuscular cooducticn time decreased 0.2 msecin | exp and did not
change in the other 3

3 No change i nerve conduction tm  was found,

4 The amplitude of the resporwe decreased 1 10 3 mV in all 4 exp. The
dmdonufﬁ\cru-pomcdldmch:nge_

5—7 No changes were found
10612015 Acta phyclal. scand Vel 53
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During metabolic acidans.
I The stimoluy neceseary to evoke a maximal response increased m 2 of 10

exp
2. Neuromuscular conductlon time increased wath as muth as 02 roec in
only 1 of 10 exp.

3 Nerve conduction decreased 0 4 mec in | exp and did not chaoge in the
other §

4 The amplitude of the response decreased 1 to 6 mV in 4 of 10 exp. The
duration of the respoase did not change.

3 Absolute refractory peniod increased 0.3 msec 1n 1 of 10 exp. and did pot

change sigmficantly in the other 9

6 Absolute iresponnve penod wereased 1 msee 1n 1 of 10 exp. and did nat
change ngnificantly in the other 9

7 Subxeq resp to repeated 1 at a rate of 3 per weeond
sthawed no decrease in amplitode as compared with the first one.

Discussion

With the methods used rexprratory alkalosis produced no measurable chaoge

1n neur 1 12 The only finding 1n bolic alls-

Josis was 2 decrease in the amplitude of the response. Although slight, th
chlngewunotcdmlﬂlheupcnmmu.WchAvenoaphmumﬁrﬁﬂ

observation.
Neuromuncular mdtntdkuimndmingwbmw
inhal Ani d stimuius was needed to cvoke 4 maximal response 104

neuromuscular conduction time was prolonged The first alteration occurred &
all but one of the experiments 1n + hich the pH of the arterial blood was beio¥
7 and carbon dioxide termon above 120 mm Hg and in half of thowe m wheh
the acideais was less severe and was found to be revenuible, If the stomalus ¥
d 1 no change 1n amplitude of the rorpon
was found. In his expermments on cats, Pavwe (1938) found the hefght of ¢
Jmucle twitch to docrease duritgg carbon dicxide whalation. There arc 10el
pasble cxplanations for th discrepancy First, different species were ted 124
sccondly PAvNE recorded the mechameal and we the clectneal rﬂpoﬂb;"
merve sumulation  Pavwe docs not give the namber of expenments upos ® e
his conclunons arc bascd. Fimlly although the sirength and duracot o
stimulus 13 grven he does not state whether it was mantaned s -
This Pave s resuls might be expluined by the same increasc in lhf“‘l”’d”
maximal stmulation as was found 1n our experiments. It & of interest that
carly a1 1895 Warier dumbcd-changexnlheﬂauﬁ]hyoﬁhcnd\fm’
exposure 1o carbon diomde. On isolated mammalian nerve expored to i
concentrations of carbon dioxide, Lezuarer (1937) found n
1o decrease during acdown.
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The results of the experiments with epinephrme show that although the
rdcueofqmcphnncnnyphylmknhnmdmwholcaphmumfurthe
lnamenxh:ﬂnnu}mnc:dedwcmhamnmdrdpnm

The sccond of the ab n don ocentring
during sdmmistration of carbon dioxide, namely prolongation of the neuro-
mocnlar conduction time vwas found 1a 8 of 11 exp. in which the pH of the
arterial blood was below 7 and the carbon dwomnde teraion above 120 mm Hg
but in only one of thase 1n wiuch the acidosh was lem severe This was probably
not doe to w reducoen of conduction veloaty mnce conduction time In the
perve Haelf was found to be unch d. Cond time, like d of th
rapovse, refractory and mresponsive periods, cannot be analyred unless the
dectnaal respome o recorded. To our knowledge there arc no data in the
htersture with which to compare our remults. A prolongation of the peuro-
mymcular conduction tme 13 abo found 1 hyperpotassemia (Gasororr and
Vooum 1961) However this cannot be the reponsdble mechamam in our ex
Wmmhmmmmmmmmmnm
the other characteristic fmding of byperp dd of the
rﬂpomemquaxcdrc&lmrymqu)omtpand:(Gmmd
Voo 1961) were not found duning admmisiration of carbon dioxdde. Arclease
of epmepimine cannot exphain the change m neorommmcalar conductlon me.
The normal responte to cpeated stimulaton exclades a block of the type
produced by curare.

Admnittration of carbon dioxide charactemtically catmes & decrease in pH
and an increwse in carbon dlowde termon. In order to ditingubth between
tho:iﬁam:,ﬂ::riuu(:xpmmcnnwmmdedmtmwhthmbohc
acidosis was 1. As changas In were noted
mmlydmngmmpr-mmdm.mdmmmpmduce-mmbobc
acidoms with the pH of the artrnal blood below 7 This was succesdfully done
in 3 exp. and 2 additlonal ones the pH decreased to 7 In 0o instance did the
ynrmlprmureofurbmdlundelnumrhlhbodmcmuangmﬁandy
Mesurable changes 1n durlng metabolic acdo-
= were few and incomtant. In none of the 7 exp. with pH at or below 7 did
the sumulus necemary to evoke a manoml response increase, m only one was
lﬂigh‘mmmmmmﬂncund\xﬂlmdmzmttd,m?ldrupin

de, m nooe & prol jon of refractory period und in on prodonga.

tion of irrespoasive penod. On the other hand 1n the 3 exp. with ks severe
sadosts, 2 thowed 1 meresse of the sumults necemary to cvoke & maxirml
responte, 2 a prolongation of refractory penod. These findings could not be
related to changes in plaxma

potnnm.
lnhypepm;mmthuu{&nutumndnylndum,tbeﬁnding

were & prol n

d’rcspomc,mﬁ:murymdmpmwpcrhchnnd-dcﬂv&lnlmphmdc
these changes were not enly of regular orcurrence but larger than those noted
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in membalic acidoss (GAxrrou: and VDnuu 1961) It can be concluded
that the changes m in p are
related to hyperpotasseria and mtmthcdmpmpﬂ_

The statement 1 the Lterature that the pH of the surrounding fhuld in-
fluenca neave exatability (Granast and Lonerax de N6 1938) appean to
be based on expeniments on halated nerve fibers In which experiments the pH
of the surrounding fluid was ch d by altering ity carbon dloxide concen-
tration (L!.B)tA)Ol 1937) In our n-pcrlmcntx carbon dioxde adminstranon
appeans to mfl more than docs the same
reduction of pH when produced wrt}mut mereasing carbon dioxide teomon

We are indebsed to De Pamre R. Dooor, Dr Rosx 8. Scarway and Dr Ravwom DA,

the work and for placing equepment and aboratory facilities 1t our dopossl
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Studies in Neur lar Tr 1ssd

11 Infl on Neur Iar T leston of Hyperpotasssmin
By
Ixarm Gasromr and Erix Voorama
Recehred 4 May 1961

Abstract
Gawromr L and E Voours 1T Infay s sccrwescde omes
mgmmmmml 82131159 —

The cffert of acute
tranarieson wes stsdied m rabtaty. The -:hdcmwntdm;htrd
ﬂmuuhhﬁmhrdmmd:ph-m:lthed:cu-nlmdm
pmmnﬂum-umdui nzc:nrymevulc-

mum.pddmﬂmdmmnﬂhw
periods w et mestured 1 was the roapoioc to repeted stimulation ta
rat of 3 per second. Hyperpotsssemia wms produced by L fofiskon
(12—1 172 m! per min) of foéondc soluthon of potxmtum chlorde
aver 123 117 boun. The obwerved were Prolonged newro-
mumcnlar conduction time, amplinde and prokooged durs-
0o of rapome prolooged refractory and arespontve periocs. These
findings can be explained by Mmgddepd.\rmﬂoun\dre
polarranon nesr at or distal 90 the neuromrascular junction.

They
-mmmﬂhﬁm&.&mmwumm
which in some of the experk d the byper

Jomy Lews Felow of the Muscudar Dystrophy Amocmnons of Axxrics, Inc, Cleical and
Research Fellrw o Newrclogy aad Pediatnes a1 )zmchusetts General Hospueal sad Hanard
edienl School Present sddrem Depr. of Peliancs, Lend, Sweden.

Vmtmg Locturrr m Ascrbema ot Mamachusests Gencral Flospwal and Harvard Medical
School.
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1n metabolic acidoss (GAurronr and Viowars 1961) It can be modurlrd
that the changes m inp are
related lohypu-pou.-cmulndnotmthtdropmpﬂ

The statement 1n the hterature that the pH of the surroundieg fud is
fluences nerve exatabiity (Gmanaw and Loneste de N6 1938) appan ©
be based on experiments on bolated nerve fibers in which expenments the pH
of the surrounding fiuid was ch d by altening its carbon dloude coacen-
tration (Lunuum 1937) In our npn:rlmam arbon dioxde adminntramon
appears to infl neur tr {stlon more than does the mmc
reduction of pH when produced without increanng earbon dudde tenwon

W are indebited to Dr Prire R. Dooox, Dr Rosexr 8. Scawas and Dr Ravwovs D, Ao,
Neurclogy Scrvice, to Dr Jor D, Caawroan, Chikdren  Medleal Scrvice wad 10 Dy HrarK
Bazcuen and De Joux P Buacs, Anscbeda Bervicr for hefp and encoursgement thrwaphest
the wark and for placing cquipment and bortoey facilities at our drpoml.

Raferences

Bowsax W C. and B Zanem, The cffects of sdrmalioe, noradrenalioe end Boprofise o
skelctal mucle contractions m the aat. 7 nyyu.umd.)m&mn—m
Dowoes, ] W Influence oo
ehlonde requered for bdominal surgery u-d.]wsr_zm.—zm
Guaronr T and E. \ rous, Siodies in pourommeeutur trimmbsiorn. 11 Laflooace on 5%
muscular tragmimlon of hyperpotzmemia. Acde phried, smed (961 53, 151132
Gorvaxs M Recherches refatives & Paction de I'adrémline sur e tcle mrl¢ s
Arch it Pyrwl, 1952, (0. 318418,
Oramaw H T and R. Lonmwrs t w, Recovery of blood perfued mammaBan smet o7
7 Phyuel 1938, 123, 376340, o
GuvTandB.B.N Pocron, Carbon dioxide retention dmulatlag coranzrsien. 5
7158 1 m0—e0
Jw&umrromum\mahmnmmmmhmaf—“""

blocking  gemts in the cat. Personad communication. [ A
Lormwasey J E. Effect of chapges in pH on cllouu(nmuﬁmi\nrmﬁbﬂl. e

366
Siore, PH L D Eom H W Lrue, D ) Coorsa, R D Dumlld"'l'”_oﬂ
Effect of CO inhalanon on srters! prramae, LOG \MMW
corteuteronds 1 pormal man, J g P 1960, 15, 45+—437 1
Waitrn, A- D The srim f asscbeixs vpon related serve 7 Ppiad (Lo} 19
4547P



NICROMIBCULAR TRATIMINIUN T 153

The following par wero sared (see G and Vooeaxs 1961) (Fig. 1)

lTh:vnlnge-nidmdond‘thetﬁmnhnnttdcdmﬂd: rosxbmal roponse.

2. \curammecular conducton tmct the time interval from the begimnmng of the

stimubus appled through the distal dectrode pair to the beginning of the responsc
1 ¢

m{'\cﬂk conduction time the time Jaterval from the beginniog of the stimmlus

4 The amphitade and duraton of the respacec (Fig 1 b and d)

5. The ahsalnte refractory period  the shorteat time mierval between  supeamaxmal
sthmuki allowrmg both t evoke & rerpoose (Fig 1)

6 The abwtut hrresporive perod: the chortest time interval betwreen the responses.

promare
temperature vaned between 42 and 45° C, not changing more than 0.8 during

chlonde

Potaadum mtrmoation was prud:xtdbylnmvtmmnfmiamn(mhmonlcpaudnm
soluon, During the fnfimon dectrocardlogram
constzntly watrhed. When a drop m the blood

and blood presse were
pramure ar sovere

mpﬂdﬁmwm&mdm-mpﬂmlndﬂx
concentration of potzmnm and sodium m plawna umng  Beckman
Ono sezmple was aheays drwn before the experimen: aod ooc ar the hexght of the
durmg

that  fow concentranon of
plasma sodiom meght have nfloenced another senes of axpermments was
perfocmed 0a 3 rabbits weighmg 2.5 10 2.7 kg The mme operatn  procedure was dooe
and the mme ) Tbed. These

reccived
dextrosc 10 ditilled water contabung enough potaméurn chioride o
ke 113 poteskom concentration 5 mea/l

Results

Three rabbits 1n the main seres were excluded because of sudden cardiac

arrot with coovuluons and death preventing recording dunmg potasuum
wtoncavon. The rouls in the remminmg ones are nunmanred onder the

A. During potasuum ntnucation,

1 The stumulns necewary to evoke a maxmmal reponse Mcareased 1n 2 of
10 exp.

2. Neuromscular conduction tme increased 03 to 1 msec m 8 of 10exp,,
did pot change sgmEicantly in one and was Dot mexurable m ooe.

3 o ugmficant change in nerve conduction tire was found.



154

Table I Blood velves darong potassiem dsxcstion

Rabhit | Weight Duration and amount of infrdan

o,

LY

31

o

13

34

37

24

14

INGRID GAMITORP AND ERIK VIKMARS

Before sart of infimbon
75 mm, 80 ml
115 min, 105 ml
Before start of mfmaon
35 mn, 53 ml!
Before start of infusion
110 min, 95 ml
210 min, 170 ml
Before eart of infmon
35 muna, 50 ml
125 mun., 100 ml

K
meqfl

124
40
1
72
24
56
s
17
92
5
54
71

M
meafl

141

14

14
130

136
124

140

1%
13

123
134

us
13
12¢
jEd

137
»
3

P

125

pA

%
5

b
2}

pAL)

(2.1
m

1D
w

718
1

3

At the clecrocardsopram thowed wevere hyporpotseme chaogo, the posliy o
labarsiony error ks to be comidered.

4 A decrease o the amphtude of the respomse
the decrease vanied from 1 2 to 146 mV A prolongation

also noted nall 10 exp  the prolongation vaned from 0.5 o 6 mxct. 0
5 An increasc in the absolute refractory pened was noted in off 107

the increase vaned from 03 to 1 7 mmee.

6 An increase nlhenlnaluwh-rupomlvcpﬂ'bdwuw‘cdmnﬂmm’

the increase varied from 05 w 4 5 mscc.

7 Subsequent responses to repeated sumulation at a mte
showed no decrease 1n amplitude as compared with the first onc.

was noted m 2l 10 o
of the respome w8

o[jp(r;tfwd
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Toble 1L Mpessrements perfornad somciimemusly auih the bloed studics listed o Table T

Rabbit mo

3

Newro- Amplinede Dutation
oxmcalar of respomss | of respomec
comd, thoe mYy e,
osec.
13 1 i
13 13 j.f.]
20 o8 89
12 38 45
15 13 50
12 73 33
13 30 a0
10 13 p¥:)
1.9 17 40
17 123 LT
12 18 40
15 10 4
17 o4 100
10 14 i
1 18 €0
15 15 60
10 13 @0
12 12 60
20 Lt 20
[ 1] 17 30
12 70 0
— 17 €0
18 90 78
12 3% 70
[X] 17 70
1 1" 70
12 s .0

B Dunng hryporatremm,

1—~3 No eguifcant changes were found.
4 The mnplitude of the response decreased 2 10 4 mV in 2 of 3 exp. and did
not ehange in one. The duraton of the resporse decreased 0 5 maec in 1 exp
wcremsed 10 meee In one and dad not change 10 one.
53—7 No ugmficant changes were found

Blood aloes and pertinent

Abm.
refractory
period
mwer.

18
Li1:]
7

e9
13

16
27

o
oz
13

10
15
10
1.0
10
20

06
14
17
w
19

o7
os
16

10
(L)
11

Abe

Lrrespocsive
period

mwec,

S

DR BBR CEC SUL LR EE &

v+

[ A

rs
-

dunng p
summanzed in T blcllmillluddmruhy-ponatmmn mTchIlIn.ndIV
Samples of the recordings from 1 exp are preented 1n Fig 1 and 2.
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Tobicr 1 Bised s80nes during fraiassuens indeccscoism

Rabixt | Wesght] Durstion and amount of infusion K N L
po- o meqfl | meqlt
3 23 | Before sart of Enfwion 8 o | I
0 min, 50 m! safom |
163 min, 130 mt 83 ) |
7 32 | Before stast of infusion 43 | | Iw
45 min, 55 ml 0y | o
2 12 | Before sart of mfmdon it % | 1%
150 min, 90 m! sy b oz | I8
10 2 | Bofore start of infinin 34| 10 |18
45 min, 33 mi 3| e L In
163 min, £ mt 167 | 115 | 6B
" 33 | Before san of miscion 22§ o }In
& mm., 80w 15} W {1®
150 ma, 140 ml 96 | 13 |18
2 16 | Before xant of infodon 38 | o |10
100 ma, 65 mt T4 | e § I8
170 mm, 95 m! 124 | ony W
H 3¢ | Boore sy of smfiscon 4 2 IR
7% mm, 20 mi 76} e I
155 min, 163 m 7y | 128 }I®
7 37 | Before stan of mfmion 14
35 min, 53 mi 6
3 24 | Mefore ntan of rofinson L1 ]
110 s, 93 mi 57
210 mmn, §70 m) £
% 24 | Before start of infanon 28 | 57
) 3 an, A ml 54 139
123 mn 300 m! 71 153

hmmm%dﬂmhmmmwr"w‘
labomton cra has b be mardered,

4 A decreme nothe amphtude of the response way nosed a all 10 €W
the decrease ar ed {om 12 w6 146 mb A prolangaton of the rerpor ™=
ahonoted s all 10 exp  the prolongation wned fram 0 5 6 o

3 An ncremse n b taclut r::[rulm’ypcnodvunwdmlﬂwa?

the moresse varsed f ¢ 3w 1 7 meec 10 e
6 Anincrease n th b lute sresponsve perrod wa outed 1o 2l
the mcrease vaned I o t 45 oper

7 Submequent ropunw 1 rpeated sumulauon at a rate o 3 Pt secued
showed no derease 0 tude 2 compared wnth the fint one



WEUROUTICULAR TRAKIMISHOX T

Tobls I Msemrements performed somliarwensly wxch o Hosd studics huted fn Table

I

Rabbit mo.  Newro Ampliwde | Duration Abe Abs.
oxmcutse of rowpomse | of ropowse refractory | Leresposshy
cond tme  m\ e, period period

. mmec. mcc.
3 13 20 38 18 17
13 15 18 Q9 17
0 o3 0 27 40
7 12 10 45 (L} 190
15 13 50 13 3
] 12 73 as 15 22
13 30 se 27 *3
10 10 13 LV os 13
10 17 40 a7 25
17 128 &0 15 40
1n 12 H 40 10 Ls
15 10 40 13 20
17 04 100 20 23
12 ie 14 45 10 12
11 1% &0 19 20
15 43 €« 20 10
1" 10 13 50 [ 20
12 12 €0 14 43
20 (1] 20 17 [
n 09 17 Y] a9 19
12 10 70 19 27
n - 7 €0 a7 16
10 a0 78 o8 10
12 Py 70 16 48
%0 08 17 70 19 22
11 " 70 09 L}
12 13 a0 13 4“4

B. Dunog hypoaatremua.
1—3 No ugmbficant changes were fornd.

4 The amphrode of the respomc decreased 210 4 mV in 2 of 3 exp and did
oot change m one. The durauon of the response decreased 0.5 maec in 1 exp.

increased 1 0 maex in one and did not change in one.
3—7 No ngmficant changes were found.
Blood values and parioent measuremenn dunng

potawrum intoxication
swmrarired in T ble [ and I1 and during hyponatremua m Table I and TV

Sasples of the recordings from | exp. are presented in Fig 1 and 2,

are
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Tobke 11T Bloed retues during infaman of devtrary m watr

Rabiar | Weght Durafion sod amount of nkosoo r A3
o |k P Y

i
1
w
s ]
us
108
mn
"s
1

» 27 Beore start of tofoslow

8
8
B
KSR BER BUY

Table T A ertumed avacbascontdy with the Hook studus Gited 1 Tabe 111

Rabist a0 Nemro- AmpHiode Durstion Albg At
mscntar of remexne | of ropoese refraciany
cond e ml wmee. prriod
=t e

\

(.54
o8
s
13
L3
13
09
oy
12

o
a

o 14 7
14 i7
LS 17
-3 te 14
16 12
3 43
o 13 15
13 4
13 1

L 3EE bE
[NPE v o o o Hg

-
o

|

Discussion

From chnical and experimental studies rulna«ndmhypcrponw‘“"’“
often cames -xniu:.nmzh.nmpurtdfuncumo[d.dculmmch(rm
and Maxara v IHS Swiuz 1915 Rowrr 1950 The came wat aoted m o
expenments Only when ECG and blood pressure were conatamtly W
and the pred of the nfuuon adjusted 1o changes 1 them, was ! o
to produce severe pr tasam rwotocation witbout severely unpaced Df'-:;‘"m -
On the otber hand the ume for the pownsium snfimon wa kept ood
possible From Tatle 1«1 apparent that st never exceeded 312 ho\‘d:
mﬂ\mahml?&&upakco{pumuumbydrhﬂmwdlwn
rablet 1 kntwn 1 he sb v dhus length of ume will aliow only 8 relate
increase m rouscle pewa vum 1 orcur ‘Fex ot & 1981
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51 gle Stim lis Do ble Stiz fus stimalotien 3/9sc.

T

® o fmal Dlst 1

ij\/r o] N
e

Bnsec
—i

c d
Distal K/B T mEx/) D) tel

As can be seen from Table 1, infuson of potassum chloride camed 2 changes
11 the hlood betide hyperpotavsemua. Firt, & slight to moderate drop m sodium
wms noted However th same change in newromiscular trapmmmon were
foand m experiments showing & small and & great decresse in sodiurn. Further

duttd.Th:hrw;odmmnny-cmnmt[cxoomeo{thedﬂuauelnmphmdcd
the response but can not explain the other findings observed during potasium
mtucaton,

Secordly & merabolic acidosis was often prodoced. Homever th mame
changes in pewromusenlar trammumon were noted 1n expenments showing
servere adons as m those showing none. Furthermare, although it bas been
observed that netrommcenlar conduction tme 1 shghtly prolonged m severe
rupnmy:ddum.md)ulhnmmhach:ngummmhrmm-
mrmon d G. and\ poxaxs1961)
The changes in negromuscolar transmrgon found duning mfuson of poashmm
chionde are thos rlated to the Increase of potamium and not to a decrease n
sodrum and pH.

When directly applied to the mscle fiber of gnen in  close artermal in-

" potssuum has s depolanning effect (BucrrraL and Lratams 1939)

I the  close arteral inpection™ was given dunng mtermitent supramaximal

nenve mmulation the mechameal response of the moele increased in amplinude
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while the clectrical one decreased (Brown 1937) On recording

and electrically the muscle response to nerve sumalstion 1n rats dunsg hyper
potamcmia produced by an intrapenttoneal injection of potamum chioride,
Warxer (1948) was able to confirm both these ohservations concerning the
amplitude. Furthermore, he found an increase 1 the interval between sumulos
and respome and in the duration of the response. He concluded that an excens
of potamum delays both depolanzation and repolansation and incremser the
duration of membeane breakdown.

Our experuments thuy confirm to a large extent WarLxer s observation and
his interpremnons. Newromuscular conduction time was found to be increased
while exatability and conduction veloaity in the nerve 1belf were unchanged.
Thit means that the delay occurs near at or dutal to the neurormncular
i A prolongation of the respanse may be caused by a sower condocton
of the potenual over the muscle fiber by an incrensed asynchrony of the indr
vidual muscle fibers within a motor unit or by a slower repolanzation. Hyper
potasemua of this degree has been shown not to decrease conducteon velochy
over the electnaally stimulated mutcle fiber (Bocrruar of ol 1958) and i
thus reason the first suggeation 13 mmprobable. An mcreased asynchromy wil
caure both lower amplitude and longer duraton and can also explain the
enhanced mechanical respomse found by othen (Broww 1937 Brows and
EvLrr 1938 WaLkzz 1948) Only a prolonged contraction time, L ¢ & towe
repolarzation however ean account for our findingy of prolanged refmactory
and responave penods. Thus, all of our findings in potamum intotcates
can best be explained by a slower depolanzation and repolanzatron near & of
dntal to the neurornuscular junction.

W arc mdcbed to Dr Fromur R. Dopox, Dr Rayxar 8. Sorwas, and Dr Ravweno Do
Anases, Neurology Scrvice, sod o Dr Joun D Caawrono Chaldren mdmsmtcﬁrbrf:
and cwcouragement throughout the wark and for placing cquipment and labortory it
o dpom]
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Studies in Neuromuscalar Transmission

M. Inflaence of Changes in Blood pH and Carbon Dioxide Tenslon
on the Effect of Tubocurarine and Dimethy]l Tubocurarine
By
Inonip Gasroxr! and Exx Voouas
Revetred 4 My 1961

Abstract

Gumrorr | and E Virons, T Infumcr of chexpes s Sood pH ond
cobon dioxide tecsiem on the qfect of inbacarerin end dowetiyl tubsceri.
Acta phymal. scand. 1901 53 160—173 — The influence of changes
in pH and the partiad presmure of carboa dioxide o arterial blood oa ibe
newomoecular blocking effect of & single dose of tubocurasine or dime-
thyl tubocurarine was irvestigated io rabbin. The sciatkc porve waa
wiimolated supeamspmall at a rate of 3 per sccond and the clectrieal
raporse of th the

sponding to  mare rapxd shift in pH, than during respirstory alkaloss
nd acdoss, but o qualiaure di wmoh-n:{cd.Thcrfrtﬂ
of shift  pH n explaioed by changes | the potency of t bocuranse
The action of dlmetbyl tubonrarine was not influenced by change (8
PH or carbon dromde tenuon.
Vidtey Lecturer 1o Ancsbens |Mmucmuna.pm.ndnnwﬂl"“"
Jerry Dyrtrophy Asmocat of Amerca, Inc. Cliokea!
Lrwis F low of the Muoscular on. rd
Hewarch Fellow 10 Ncurokogy and Pediancs st Mamschometis Geperal 1losprial and 120
Mcdical Schoal. Prewnt  dedrem Depx.d?vd.tunu.hmd.srdrﬂ
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Changes in carbon dsomde temuon and blood pH are known to mfluence
the action of peuromruscular blocking agents in chucal anesthena
1952, Scumr 1954 Gray and Formow 1954) Pmntz (1958. 1959)lndjom-
1 and Oscoon (1960) have exp d 10 aaty the
effect of carbon diaxide on the schon of tubocuranne The infleence of carbon
diomde on the block caumed by dimethyl tubocuranne was found to be in the
oppesite dirertion. Reccntly Pavwe (1960) found that the effect of both tibo-
curarine and d hyl bolic alkalosls and

d dunng
decressed during metabolic acidams. He concluded that carbon dioxide has a
speaific eflect o tubocuranno differing from that of change m pH. Pavwr s
results and intapretaton contrast wath the obeervation of Karow (19534)
who found that & reversibl change n the wnizabon aof tubocurarine followed
nmﬂnmmpH-ndLnuumdiuhloddngcﬂ'monlh:ndncdmmmdc

were

P
10 obtam further nk about  ariatl Lndt of the intact
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Material and Mythods

ograph-

wasmsd on  photographuc paper with a sweep sperd of 2 m per sccond
at a rate of 3 per second for about 2 sec wie used © dcmmn!zﬂtcfkﬂdlﬂm"::
on the sion  the de of the firnt and fourth rerpo”
mnnntd-mmcmnddxu-pmmcmthcnrcdlcdcruodeunnd;mn—dumﬂ shmple
rosponye was obtained with the highest pordble amplitud and ;harpmld-‘lﬂfﬂ““""
The electrode was then fixed 1n thiy position.

Drring curarization artfical respération was given with a postve-negain

pump. Froquency and odal vol sdpumed i biocd PIF
U WETE o ma

and carbon daxxsde tromon except when Eﬂo&:a.cxiad:mdrhba‘llrlypﬂ’d"'d‘
In order to mal mun  oeoal blood  olume dextra  was oford L fn amcon
mh!ycu—m-pond.mgmd\eblondecdaluoodprmnm
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Tably 1 Blesd cuines i sepiracory allwieris and acrdeat

Vablit | Tube Eepermental condition | poD, J w Ix
-0 carariow mm Het conwent | megft
dove kg el
' [STRNN § WSS WY miw oz | a8
Ryporviston 7§ o1es | 77 | 83
10% €Oy 700 {120 | w3} 38
1% CO, e | n 49
x L2t] Formel  ceaiatiom 354 2 115 3
Hyperrontiiation W ur | o
10% COy 719 | 96 2y |
2 015 | Normel ventiation I s
Ryperventiution 722 us | owr | o
10% COy iy w4l
n% o 102 a8
1 x| Hypenentladon 168 { 1o ns | o2
Rovmal vortition 108 | 20 s} on
0% co 684 | 120 wa | 24
33 014 in 133 185 7
Normal weatllaton 746 | M2} w4 | 28
0% cO 703 | 104 3} a4
“ 818 | Hyperventdasion 753 | 174 | j4s | a2
Normal wentllatea 229 | s | x| a4
10% COy s | 04| 38

wardly and mamiained st leved bove 70 mm Hg The intranumader empeartore
ru—rtdhtmm“ sod 4% C, not dunging mor an 1.3 dunbg  angle oxpert-

Gn-pl An bl recovding wae made © the s of ihe exporiment. A single down of

mm(ﬂumo.lsqpcrkx)mﬁamghmi.:.md few recording
was e 3 vome Tasey ume conikton was mainained 163 rablas
MIR)&MHNM!@WW@&&WW
bemng made every 5 gt

1T 9 rubdwts {grocp 1 B) allaloss was lncrcnfa‘bdalvd\xmeUmS
tmes durertly foflowing e roade 3 oun afer the

l!vpavmhumwmﬁnmﬂhmmnﬂb-dwmmmd‘mnnlvmhﬁm,
after whach sodoti w. of § (thh

a1 prodoced by
tesed m soby 4 exp.d lomm%mmhmm:@mhn
peniod of 10 min.

A e tod of each 10 min peried  recording
was amally dovwn mpﬂi&tmtﬁwdw-ddﬂmmdum‘lﬂakmnpﬂ
meter and carbon diode commt wia messared on the 1 sample by the mathad of
m Ay ke zhep.mumdmwmmh!m-uahmmm
Sger Hastwapy The of hn plar wa &

o0 fedhrmn fumephotamcter

82213 et ghymel wund. Fad. 53,
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1o 7 rabbsts (group I C) alkabomrs was produced by Ly Infection of 640 16 1eq 05 ¥
soditm carbonate solutian over 2 10 3 mn. The infuson started diectly folkon i (¢
recordmg made 5 min after the injection of tubocuranne, Recordhgs were made itk
I mn after the Infectron and bout 5 1o 10 min later Within 15 min after the brjein
of sodium carbonate, metabotic ackdois was produced by v | jection of 710 9 o4
05 N hydrochlorc ackd over 2 to 3 min. Durlpg the injection the tdal volume ¥2
fncreased 1010 20 % 1o maintain x4 bormal & carbon dicxide ention m pomide. K&
cordings were made within | mm afier the mjeeuon and 5 mi after ad, if the rabil
survived long coough, 15 mun later Samples of blood for pH  carbon dicode contet
and plrsma patamum weore obtalned smmudtancously with the electrical m‘

dimetty 1 tubocunme (10 to 44 g per ky) was given | &
made 5 min Iater 1 4 rabbets (group 11 A) the effect of dumetiny | tu
bewny madc every 3 min
1 6 rabbra (group IT B, respuratory alkakods and acklons were wdvced in the 8%
nyudmwhmlurwnbuu»mﬁznmwhmnmmw"d,
by Dormal | and fmally jou of cathon dioxide In 2 rabtits
oppomte order was med Two rabbits were cxposed twice ¢ halanon of 20 A7)
dmdeldxcndd’c.nlempcrbdlrunqummzdelndM”mH
blood was draw  for determimation of pH, carbon dicode oatent and plamma
In 10 rabbets (goup 11 C. metabolic Alkators and ackdoun were Indueed In dr 5%
wy a1 described for group 1 C. 1 6 rabbits allaloes was first produced follo
sodosty, 4 the opposit order was ued. aapsltt
Au-ﬂmc..x,.nd.ncsm,m.;-mup.Bmdc“mr.n;.duccddmm;Lbcl--h-vw‘ﬂﬂ_L
ubnding nouroortscular block, any t of the block wa comidered
Seant but  decrease of the block oaly if 1t was followed by & rpontacnous bxreast
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Toble I Blosd talnes in metobelic ollaladt oo artdutis

Rabbk  Tulo- Expertoaeatal condition pH o, K
iy oma Hy comtent meqfl
dowe wgxE b

47 Q16 Tkl value 753 M2 189
Afer 7 meq Nay,CO 75 N8 12 12
10 min, afher bntertson 1% 358 1o
Afer 7 meq HQU 712 400 140 12
10 min. sfer ljecthon 172 n3 162

Pry o018 Initial aloe 120
Afer 9 meq Na,CO 18 2z
8 mia afer Eieeton 742
Alier 9 g HQ 219 a7
10 min. afier mecton 7350

» [:S13 Tnitlal vahee T4 M b2 ) 28
Afier 16 meq KagCO 7.90 E} 87
& mn. afer mjection 170
Afir 3 oo HQ1 701

-] wie Tnctial valoe 8 B £ Al
After 18 meq NagCO, 800 0 s1
4 min, after mjecton 159
Afer 7 meq HQ a0 %0 9 50

&3 017 Imial valoe 74 ] 23 28
Afier 6 meq Na,CO B % 46 27
3§ mm afier infection 768
After 9 meq HQ (X ] 4“ 10

2] a7 Tnitia) valoe 1 n % 3
After § meq NayCO, 2 T 42 27
5 mm. after mpertion 761
Afier 8 meg HOL 148 47 " 47
6 mm afrer 13
Afier gmocher 33 weq HQ - 9

o a7 Lot vatwe 751 -3 n 29
After 8 meq NagCO 174 2% 33 30
5 min afwr Injection 767
Afer 8 0eg HQ 718 n 28
4 min afer imjection 134
Aker another 7 meg HCY (1)

Resnlts
Gresp I A Fig | llmtrates the curve for spontancow recovery of neuro-
mucular wion after & single injection of tub in 1 exp. The

pattern n the other 4 was nmilar wath the maximal block developing within 5
un alter the infection of tubocurarine. Therealfter the hlock steadily dimmunhed
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Fig 4. Rabbit no. #0. Same as in Fag 1
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Fig 5 Rabblt 5o, 83. Same  In Fig
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Toble ITL. Blood calues i reppuretery altincls amd acidesis

Rabblt  Demcttyl | Experoncntal conditon pH O COy
oy por mm Hg  cowreat
F o g v
™ ) Norroal veatllaton 1.0 2 1
Hypor catileton 776 % E
Norml vemileton 743 u n
3% 0O 747 >80 )
1 co 710 ~m0 st
2 . O 696 >%0 5
» » Normal ventiation 723 n2 0
Y% CO, £
10% COy 110 805 7839
5% COy <t 63 150
Horma! vensianon Lhd 26 0
Hyparvenniation m
[ » Hypen cacfation 172 124 153
“armal venrlezion T4 7 100
5% CO 173 0 9
10 O TI4
m ., co 638
1S ) » co 7.00 n
Rormal veatdaton 122 n 19
HypervemBation 73 <10
o, 658
105 1 746 na 129
“ormal yeanlston 748 2 167
» Cco 82 >110 16
106 12 Hypen entusaon mn
Bovmal ventiatoa 732 185 152
b A e3) m

and had dizappeared completely 30 to 70 mun after the iqgpecton. These findings
are in agreament with the reults of other examuners (Karow 1959) It b
particulacly 1mportant to rirem that a spontancous meraase in the block was
never observed duning the recovery period.

Groep I B In this group 3 rabbuts were exchuded becawe of severe anoxma
and subscquenit metabollc acidont 6 cxp thus eman for amlyis In all of
them the effect of tabocuranne dmmnbed dunng byper 3 However
Ummcurrtddmmgthepunodd‘lponnncmnlymbndmghlock_mﬂcu
of hyperentl was therefore not i ifl unlem an increase
in the block was beerved dunng the period of normal ventflaton following
hypanenulatien. Tha type of curve was found In 4 exp. while in 2 (rabbic
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Fig € Rabbit so. 77 Same w10 Fiy 3.

no 26 rabbit no 30) the block contimmed to deerease during normal ventls

von.
7 Admunntraton of 5 , carbon dunde did not mfiuence the block g
rcantly A.nmcrweobecbloc_kmmt:dlfmraLhcrlOuZO“/ﬂfm
dioxrde 10 all 6 exp and 10 4 of 6 after both (rabint no 4] showed po chang®
afir 10 rabbit 0o 30 not after 20 carbon diomde; These changss &7
sugnuficant as they oceurred durmg a penod when mpdly decreasing Lick
could be expected In3cxp.chnﬂou(0mlD003mg)mﬁ'¢dlh€H‘dl
during contnued admunntration of carbon dioxde, while in another porm
\tnﬂ-uanhxdthenmcdrmmruldldnwpnmlrxpcnmmlk!“ﬂ
FLgZ.Tnbch:howldntrup:nlarythmnndlodw!lﬂfP”d
wathout mgmificant change in the concentration of potasium 13 the plasmt
Grmp 1 C Thcn:luluwcrendmdmlm.u7nbhuinwhthf'—‘l‘::
alkalons and acsdoass were induced dunmg curanzauon. The bock deares
mdﬂydmngthcmjcmmni’wd'ummﬂnmtc-ndmdalmoﬂ&“ e
|mma.l'lcrlhccndofthc:njccbonzlwh:chwnclhcp"dbhtwwm
Gexed. When the pH dropped the block again Increased A masked
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hancement of the block occurred when the pH of the blood was lowered by
1. v mjection of hydrochlome acsd. When the pH rose spontancomly the block
agam dimunshed, In 4 cxp. a second mjection of hydrochloric ackd abouat 10
min later enhanced the block once moce. In 2 exp 01 mg of Tensdlon grven
mamedsately after kydrochlonc acid reversed the block, in anvther experiment
sod um carbonate bad the same effect.

Th result of & typical experiment b grven in Fig 8 Table I summanzes
the results of analysls of the blood samphes showmg that & marked change m
pH was produced with only a small shift m carbon dwoode tennon and no
ugnificant m the eoncentration of potamium in th plasma,

Groxp 1l 4 Fig 4 iThutrates the carve for spontancoms recoveary of neuro-
mmcular trangnlmon after & single dose of dimethyl tebocurarme. The pattern
in the othier 3 exp. 1n din group was nmilar w th the maxmmal block developlng
within 5 mmn. Thereafter the block steadily diminished and had dhappeared
wmpletely 50 10 80 min later The dight spontancows Increase once duning the
penod after the firt 3 min seen in Fig 4 was not obeerved in the other ex-
permments. The blocking action of dmcthyl tubocutarine wms foand to be
sronger than that of tubocuranne. Tus effect was abo lom amform and the
block vaned greatly in severity and duration in diffrent rabiats

Growp II B The relatve order between alkalown and acidosn did not affect
the remalts. \o wnflnence of resporatory alkalons of eckdoshs on the block was
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Table IT Blowd pelues 1s watobollc alkulesis ond acidasls
Dunethyl  Expermaental condition
tubocararine

6 min afwer mpectian
Loutwl value

(1.
158
e
1z

B H2¢ 3% wayg 2w

"
=

22 2

187
153

n
"

a4
»7

109

13
13
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noted 1n 5 of 6 mbbitx. In 2 reblaty 20 4, carban dromde vwas admnsstered
twice without effeet. In & umgle expenment (mbhit no §1) adminntratien of
20 %, carbon dioxede was accompamied by sn merease m the effect of dunethyl
tubocurarme in pone wai it influenced by kyperventilaton.

Fig 5 Dlustrates the result in one of the negative experyments. That pare or
almost pure respiratory afialoss and andorn had been produced was con-
firmed by analyss of the blood samples. The results are Isted in Tahle [T

Gresp II C The relative order between alimlons and acddars did not affect
the results. No mffaence on the block of metabolc slkalom or aadons wa
poted 1n 6 of 10 mbbits. The block dimmuhed m 8 rabbits (so 76 101 103}
doring alkaloms to merease ggmn when the pH of the artenal blood dropped
spontaneotsdy This change, whach could be produced twice m 1 rabhit (no
76) was weak and spproached the marked effect on a block produced by tubo-
curarine [n a mngle experiment (rablet no 103) A slight enhancement of the
block was noted dunng metabohc sadoes 1n 3 rablut (mo. 76 103 107) in
none approaching the marked effect on a block produced by tubocurarme.

Fig 6 {llnstrates the result i1n & negatve experunent and Fig 7 10 an expens-

marked change in pH was produced wath only a mmall shift 1n carbon diomde
temion.

Discussion

I The results of our experiments with metabolic alkalots and aadons 1n-
dicate that the blocking action of tubocurarine varses with changes m the pH
of the blood, incressng at & Jow pH and decreanng at a ngh pH. The stuft in
the block induced by respiratory alkalons and acidoss was of the mme type but
of len de, This can be 1! d by & cmaller (only dunng slatons,
sec Table Land I1) and shoy er (both during alkaloss and addoss) change in
blood pH m metabolic alkalosis and acidosis a shift m the pH of the blood
wss 10d ced over 2—3 mm, whereas it required 10 min to occur dyring re
spiratory alkalosh and scdosts. The time factor is rmportant as the changes in
PH were prod ced duriog the phase of rapudly decreasing block after & smgle
injection of ubocuranme. Furthermore, the rapmatory expermpenty vere
oxtended over  longer period as 2 or 3 difforent concentranans of carbon
dioxide were tested. The reaction to a shuft in the pH of the blood &1 thw
quabtat ey th same whether or not this shuft i+ mduced by change in carbon
dioxide temion.

The effect of changes In carbon dioxid aod blood pH (Gantorr and
Vowxars, 1961) on th pegromincular  tranommeon  have  previowly
bcrnnhcunmhcmmkmnlmdcmmtnmmmf«thcnlundmmhym
b ine. Relemse of hrine known to infl the effect of curare
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(Nazss and 8moos 1953) could not explain the decrease In bock dunng sk
Iolosls. Furthermeore, the inereased curare block during acdoxs way reventbie
cither by adminutration of Temilon or by rabung the pH of the blood. It can
thus be concluded that a shift 1n the pH of the hlood influences the effect of
tubocuranne principally by changing the apparent potency of the drug

The results of Payr s (1958) exp on the sensdtvity to tub
during respiratory acidosh 1n cats are nmilar to curs. Our findiogs durisg
resprratory alkaloms correspond to the chinical observation by Duxoez (1552)
that hyperventlation increases the dese of tub requured for abdomleal
surgery during the first bour of the operation.

Our results during membolic alkalons and acdoss are, howerer contrry
to PayNz s (1960) One explananon might be that different species were e,
but non-depolarning blocking agents are known to act i enentially the sme
way 1 both theae speass (Forors 1939) The fact that Paywe recorded the
mechanxcal and we the electneal response might play a role, st metabole
changes could co bly infl the lity of the muxclke whch
would not be reflected 1n the clectrical respomse. This coald carcely Le the
whole explanation snce Pavae (1960) found a variable influence of metabolx
alkaloas and acdoss on the mechancal respomse in the uncurarized anioud
Of greater importance may be that by wlng stronger solutiom and fstet
mjﬁctronrlt:lwcpmducednrmrcrupdlhxﬁmlhcpﬂdlhebloﬂd-m
nlhwdmlomnmmchmgummecﬂmofmtocunﬂmdmﬂlmph"
of rapdly dimimshing block afier . single jecton of the drug Fimally
Pavwe does not state whether he used a supramuxmal strmulus and mantuned
is 50 throughout the experment, He produced metabolic alkabords by ‘"{“”;
sodium bicarbonate thereby also raning the carbon dimde tenwon which ‘nd
increase the stimulus necesary to evoke a maxumal reponse (GawsToRrP 2
Voerans 1961) If the applied stmulus v noubovclhcr-nodlcv:lﬂ’f“";
,fartvohnglmnmllrupomc thhmcchmln'nmlahlbcmw"m‘
an apparent increase in the block.

11 As dimethyl tubocuranne 1 manufactured from tubocurarine, 2 ariabie
trace of the latter drug may cooceivably remain in the forreer therely
explaining 4 vanable potency In most of the experiments changes in
pH did not influence the block ocrurmng afier imjection of dmethy! wWhotss
nne any mfluence fourd was always n the samed rtvlhmb"‘m‘-‘(h‘: of
than on the block produced by tubocuranne. A small, varable ’ml:;hn(

b i 1 dimethyltub 1ne could expla n these findings thut ok
1t unnecenan to asume any influence by chanpes in hlood pli en the
produced by d methyl wbocuranne Changes in the partal
dioxide in arteral blood d d not influence the block. (1930 1901

Our results are n diag with those obtained by Parve )
who found the 1lock produced by dimetlyl whocuranae (0 e
alkalosis and decrense dunng addous. V¢ are unable to explam this
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Tubocuranne and d yl tak 1ne are both depol

polarmung blockmg
qmnmthpu-lncpaﬂytheumcﬂ'mntlh:ueummuxuhrjuncﬂam\ct
anly the block produced by tubocurarine Is influenced by changes in blood pH.
The dufference s well aplained by Karow's (1954) observanon that the jom-
nation of tub but not of dunethyl tob changes with the pH
of the solution.

W are indebied to Dr Punmr R. Doooz and Dr Rosexr 8. Bcawan, Namology Service,
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Abstract

Rostis, S. and G Srinart, Redwetion of oussoomstricier oficts
repxteed arts. Actm phvool. scand. 1961 53 174—184 — Reserpine
abohishes the effects of vmsocomtrictor perve stinmlaton
(Brm~ and Raxp 1958, Rotrre and Rottx 1961) Dope,
and sdremaline lofieed intrs-artermlly 20—24 bours
afier the administratlon of rescrpine partially restored the resporses
to sturmalatzon of the sympatbenc chain. The regpoanvenes pemted
for at keast ane hour afier tormination of dopa, dopamne and nor
adrenlioe infuon. W th adrensline, bowever vasocoastnctor Te-
$ponses 1o svInpathete chan sumubation persisted for only a short
period after termumaton of the mfision. The threvhokd doe for dopa
w3 2 mg, for dopamine and noradrenaline 23 pg, and for sdrenaline
100
'I‘ie“rhumcmdcr:dl Fopport the hypothens of Bun and
Rawp (1960 that the adrencic her lanﬂ.ndsu-dltm

towing infuwon of noradrenatme . presumably rel ted 1o the tme
clapeed between the adminsmrauon of rescrpine sod the bfinon.

Aertrt
Ammaw‘m‘nmummwhs‘?ﬂ'ﬂn

of Baochanistry Medical Chennrary Pharmacudony and Physwloty Jowt 31
Baochemical Sodery Turku, m Yuquet. 1959
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Reerpme blocky the effects of sympathetic vasoconstnctor nerve actmty
apparently duc to a depletion of the adrenergic trammitter mbstance at the
neve taminabh (Baxroee, Caniwox asd Roszvomae 1956, Muwmcrory and
Voot 1958 Buxw and Rarn 1958) On the other hand, the cholmergc vaso-
dilator merves appesr to be funchonally intact in reserporred xrmmabs. After
roerpine treatment, therefore, smulation of the sympathetic chain produces
vasodilatation m the akeletal muscle cmels (Rogrrr and Rostw 1961)

Inth circalatory studies on reserpinmed cats reported by Roarwr and Rotéx
(1961) the losr blood pressure was a dsturbng factor In arder to rne the hlood
presure 10 & more adeguate kevel mtravenous mfumon of poradrenaline was
tried. This pectedly led to reap of ugns of acunty
In the bope of for this of wctor effects a series
of expenments was matituted, and it was subsequently drclosed that the vaso-
comstrictor ffects could be partally restored by iutra-arterial lofinon of
adrenaline, pordrenaline, dopamine and dopa. While the work was m prog
ress Bomw and Rawp (1958, 1960} reported that mfunoe of noradrenaline
estored the yasoconstrictoe effects in the perfused hind leg of the resorpmbzed
dog They noted, furtharmore, that the responses to strmulation of fibers to the
mctitating membranc and to the mm were restored by infowon of dopamme or

dopamune, nor
P to sympatk
chain surmulation in skeletal mucle vemehs of the reerplued cat.

Theptm:;dlmdydnhcnﬂmv&ymdxlb:cﬂ’cmddﬂpn,
1 drenaline on

Methods
were performed on cats weighmg 2.0 to 4 4 ky tmder arethane (600—
arrerial

produced br & Grass Model 54 stamlasor w s taed throughost. ol
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Rectal temperature was mintamed st 35—377 C by mexrs of 2 bestog bmp.

Lrmlly the mestoremenss were secorded oo 3 bymsograph. 1 some exponmmens 3
Gran Polygraph was wed ;s 2 Fostrument.

‘The Tascolar resiytanos was aalcnhited as the ratio of arenal pressore w floe

Saxbstomcrs weed,
(Serpedin, Pharomaaa) 2.5

Atropoe (Atromem suMas, Sw Ph XIn
mmﬁww\m‘mwhuwmmmu

Dops } mgiml Dop R Tirve and Ad: Tme 10 g 'ml
Th+ eatechol ammoos are expremed as basas m dats ing dousge ghen.

Results

1 Istro-artend I fanes of \oradrenaline

InlBrmpnmduumdmﬁncmmfmchLﬂnmuldwad
between 15—100 gg and the mfimon rate between 1—2 pgfmun. After =fir
siom of 2 munmram of 25 gy poradremaline, clectneal sumlaten of the K&
pathetic cham mdoced mmrupm&mmmlruuhhﬂ'f*
mncdmaﬂcxpamcnn.ﬁg.lmmmntnmulgpmmm\mﬂml
2 and 3 show the MWWm-mmda(aldxﬂ'ﬂnﬂmﬂ*
tron frequencies. The effects conld be blocked by atropoe grea s« (8 5¢
Mu:ntrwpmz,mhnmd}nt:ﬂmwnnﬂmldungcmblcﬂiﬁownﬂﬂﬂ
vasxdilatation DOr ASOCOTILIICHON Was apparent, presumahl
hxdccmp}a.:habn{uhodlhemocommampmumdmmlb'm’
diator respomser Roerry and Rosfx 1951) Emcmﬁmd?ﬁmd”:
adremaboe was infused 1nto the beft fomoral artery Tt will be seen 17 8azd
that 10 mm afier complenon of the mfowon, sumutauon o the

Mnuhdywm\mutﬁcwmdmulhndﬁmh\m’;
10 11 acd lZmdmmlheummmmawmprnnaGOmaﬁenanhmd
ocaurred 1n the Icft

of 1tz noradrenalme wivoon. \ aso0unsTcLon agan -
fimb. attbouch the effects thus e were lesy propounced. Afier 170 25 "
crum'hk»dﬁrmdnucdnomofuhunmdmwdwmnwﬂ;
¢hain sumulasen Bmccnumbmlsmdlemdrmﬁmmﬂm_
azan mfined  t the Icft fomoral antery The serres of stmub of Ue
patbeue cham 14 1 18 m.u.:::cr:lanm:xfu:rlcx-.:mrm..ou:ol'd'“’-‘“"“EL
show that 1t was M:meymﬂxk(o:ﬁalnmmmddfm eron
In Fir 2 tht tmulaton frequeng ~apome ame fﬂmml;h .
]wp‘;dmdrﬂ.-hn-mmapimudaummpndm
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Urethane 600 my/ky Viasamosor resporecs fn skeletal
chaing &2 Ly—Ly before snd xfter inftsion of nor

curves from normal” catr Two factors fafluenced the observed stumulation
responses (1) the elapoed tane between the end of the infision and the storala-
ton and (2) precedmg stimul Each stimulad pp d 1o reduee the
vallahle amount of tranwmtter substance to such a degree that the response
to the next gthmulation was lew than predicted. In order to gauge the effects
of thac two factons on the suimulaton respoasa, two different sequences of
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Fig. 2. Farpherad mesisioncs in jercesd of recteey
tart MJ&MZ&M
r/hm-:«vu ﬁﬁ;ﬁ o (00 pg -

P
The series of stimull started 10 min after
the o of iofumon. Two mimztes between
stlomull

3
1
:
i
H

Derves.
® Controls (mean of 4 cxpert

PR Wy Pelitng
troms was 1 3 bmpulscyfsce.
(Mesn of 4 cxperimenns.)

A— —A The ol pipoll was
1510, 273 amd 3 Jompalsctoc. (Menn
d‘v\:rua.l qurucn the rtand- 2 4 s 0
The ters ¢ 1

ard error of the mean eauiaallnd
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Paripharel ressionce in
o cort of restg vl

i:dlfnwrdmm:p-wuy‘.;:
roapareed cats.
! @ Cootrok. (Mean of 4 ex
perimenty }
of strmuls was

The sequence
s.s.a.m-aduw (Mean

4mpumu)
of strouls w s

|5~N.B.5lnd!nnpubu,-:( (Mean
of 4 cxperiments.)
For funber detals ser Jegrad 1 fg. 2.

(AR IR R I B O O

stimuls were given nma-panucdnmmh.Oncfrcmmq fﬂmm
the changes 1n penipheral renstance when the senes of sumul opeoed ¥ -
Jowest frequency (3 imp sec) followed by hugher ones (5 8, 10and 13 1mp
The other curve shows changes n peripheral roistance when |hex-rqbff'“d
stmuli was reversed (15 10 8 8 and 3jsec respectively) Althoush both m:\dy
differ from the normal one they do not, except in one imtance d.uﬂ'rrﬂ(mfl";‘w)
from eath other The ane exception 1 that at the highat frequency (c.«an
the percentual cha ge npmp}m:lrmsuncewa;gmlnuknlb“fﬂf’
with stumuli of that frequency than when the sequence was reversed
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comed.
16 =617 =7 18.~8, 19 =5 20 =10
21 = € 30 wim aficr infusion had craeed.

he repid demepparancs of vasomotor afier adrenaBac Infskon, compared whh
O gk of G vemponacs s poeeariaime oo,

2. Intre-arimael Infaseem of Adrenaline

Adrenafine (45—150 wg) waa Infined into 13 reserpinired cats. The inf
won rate vaned between | 0—1 7 ggfmun. Following a dose of 100 yg or more,
ympathete chain stimul mdoced i P Fig 8 shows
the frequency-responac curves after nfusion of 100 u of sdrenaline. Tt bt ap-
parent that the freqoency-respome curves differ from the curves of  normal
cats, both in the stimulation serles opening with & low and that opening with
a hugh frequency Far series opening with a low frequency the change in peri-
pheral redstance waa lem at 10 and 15 1mp fscc than at 3fsec or 5fsce. This
phenomenoa b Ulloatrated m Fig 4 In thn particular experiment both  drena
line and noradrenaline were infused 1 a. Ten minutes after the Infurion of adrena
1 ne a senes of sympathctic chaun shimul was iitiated. The wsocomstrictor re-
spones were greatest at 3 and 3 mp. fsce after winch they progremively di-
munshed untl, at 13/ec, they had almost disappeared. A seno of stimmoli an-
tated 30 min after the end of the Infumon produced po change in blood flow
{11 12and 13) An identical dosc of noradrenahine (100 ) waa then infined.
Fdh‘hgnaidrmnhmlha:wumdwnflhcnmicuﬂrupm\n
at higher 1 fr Furthermore, e will
1 —613015 Acta phycied scand Vel 33
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Poriel rosmimecs
P Cond of romtey Tovel

SR EEEERE

permsted 30 mun after the mfumon of noradrenaline had termunated. Tt would
l&cmthﬂ’eforc,ﬂntmﬁncdndrm:llncmybcsmmdlo.muthkndm
thao infised noradrenaline at the nerve endings of the vasoconstnetor nene
n reserpiuzed aaty,

3 Intre-artenial Infusion of Dapanam

In 18 reserpinired cans dopamine was adpumstersd 1 8 the doses varying
between 25—4 000 g and the infision rates between 25— 7 pgfmn. At
low doses (25—400 4g) the vasoconstrictor responses to sympathenc chaln
sumolation were restored. With doses of about 400 g or more, on the other
hand, no vasocomtrctor resporses \vere manifest at the lower stimulaboo
frequencies (1 8 and Spce) With still higher doses (254 mg) po Va0
|mtmrr:q>omuwhauouumldbechumdindxinfmdhmnmh5“::
on non-reserpinized cats showed that dopamune in comparatively bigh
{(1—4 mg n)h.duwmpntbolyn:umonornlcuionebmn‘ldmw:rm
parently as x rosult of compeution for the receptor utes bemtcﬂ‘}"-"o{dop_
matena) dopamine and the released transmltter yubstance. The falare g
amine in high doss to restore the vasoconstrctor effects n the infised =%
a reserpinired cat may well be attnbutable to this sympatholytc action. dopr
shows the sumulation frequency-response curves after infusson of 100 ﬂux o
amunie. It will be scen that even dopamine may (o some extertt nﬁw"bﬂw‘.
fects of the vasocominctor nerve activity m ocrpnized b It wat
aible, however to eliat vasocomtrictor responscs of the
obtained 1n normal  cau
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The scqoence of sirmll wae
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Furnm.h:rdmﬂ--:lqmdnﬁgl

s 35838398

4 Intre-srienial Infiron of Depe

The vasocominctoc cffects m reserplnized can were abo reactivated by in-
fumon of dopa, thongh only after high dmes (2 mg or more. Infimon rate
0.08—0.25 mgfmn) In 11 expermments dopa was 1nfined in doses varying
between 0073—5.8 mg Fig 6 shows the shmulation frequency-response curves
Cuﬂawinginfmnnf5mgn_u_l}yunqnmmwiththe xs0constrictor respomse
bamed on of the b cham 1 non-resernired can, the

effects at all frequenaies were slght.

Discussion

The be hests of drenaline and  drenalme st to proceed along
the pathway nuggested by Biascixo (1939) By introductkm of = phenolic
OHgmupmmqmn:.dop.uformcdu\dmun-nhdmrbuxyhtcdwdop-
amine. Dx ine B then and ths in rm o
m«hymcdmsdrmnm\\eh-wm.dwdm:cﬁccuurdqn,dap.m
norud on the to 1 of the vasocon-
u—wmdthlculmmdcv:nehmrcxrpnhedmbchdthcmb-
wtances tested 1 1o fact able to rotare vasocomstrictor cffects. There are, bow
aver myportant quantitatve differences. From Fig | it m evident that vaso-
comymctor effecty coudd be clicited at lesst one hour after the infunon of nor
adrenaline hed terminated. The am  was toe of dope aod dopamine but not
of adrenaline These results are conmtent wath those of Axerzon (1960 a)
He concluded that a greater fracton of adminstered noradrenaline than ad
124613015 Acta physiel send Vol 53
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minntered adrenaline appears to be bound to the tinues, Furthermore, Butas
(1956 1958) and Scurtuanx (1958) on the bas of resulty obtatned wath homo-
geoates of sympathetsc nerves (bovine spleruc nerves) showed that the nerve
contain neradrenaline but not adrenaline granules. Morcover Foigony and
Uwnks (1548) obtained evidence that the trammutier substance at the vaso-
constnctor nerve endings d of noradrenaline rather than adrenali

hetle stimulation folh Fl

It is interesing to note that symp ng

tion of adremaline induced vasocomstniction, never vasodllatation, As u well
Inown adrenaline in low concentratsons clicyts dilatation in the skeletal musce
vessels of the cat but in lugh concentratrons induces vasoconstricnon. It is not
likely that adrenaline was demethylated to noradrenaline which wit then
released by sumulation, since there is Littke evidence for the formaton of nor
adrenalme from adrenalme (BacQ 1960 Axmimop 1960b) The intorpreta-
tron may be that the releare of adrenabine by stimulatlon weay pr by con-
fined to certam restricted areas with a speaslized type of receptor ste whered
upon infuson of adrenaline there i a general dostribution of the drug

Infusion of doparune also reactivated the adrencrgic vasoconstnetor respooes
The pressor action of dopamune 13 50 to 100 times [exs than that of noradreraloe
(Barzrx and Hovtz 1956) On the other hand the threxhold doses for rotor-
ton of the effects of the vasoconstractor nerve impulses were about the Qme
for noradrenalme and dopamine (25 xg) The major difference in the prewor
effects of the two substances despute the near parity of the threshold dosa st
geats the convernon of infused dopamine to a more potent p-rnorlmmt-Pﬂ’b'
ably noradrenaline, and the subsequent release of the latter on stimulaton of
the vasoconstrictor nerver

Dopa likewise had the capacity to reactivate the vasoconstnctor nesves. It
5 lughly unlikely dat dopa per » which exhiblts no direct vasoscthe prop”
ertss when adnunstered intravenously or intra-artenally would restore the
cffects of vasocopstnctor nerve actwity It bt reasonable to suppose, therefore
that the anuno acid dopa underwent converdlon to an amne. Ope posiblity
1 that dopa was decarbox lated to dopamine and the latter in tarn hydroo
lated to noradrenaline In view of the quantitative relationships it 18 m
impowible bowever to conclude with surance which substance wis v
dunng vamocomtrt tor nerve sumulatron alter infuson of dopa. Een ‘ngdh::
doses of dopa /3 mg i a. the yvasotoauntor did not cxered .
observed follow ng infinion of 100 #g dopamine. Asumming that Wu‘:m
dopa 1o noradrenaline occurred i the hund kg mnm-ylmﬁrﬂ““:‘w
2 per cent of the nfused dopa was converted to dopamine The explana poss
thrs small comversion hay not yet been oought. In lhcntqucnctafﬂ‘?ﬂ‘“;"' o
tyrosne 10 notadrenaline the fastest reaction 1 prowmably the d‘:‘j"m
tan of dopa. 1o dopamine (for references sce Hovrz 1939) Thw the il
veruon 18 probably not due to a show rate of decarboxylation of dop3
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amme. Moreover Houtr and Westznuwasn (1956) found a ngh dopedecar
boxylase actvity in splensc nerves, indieating that sympathetic nerves may
form dopamune from dopa. GoopaLL and haxsmar (1938) mng radicactrve
dopa ard tyrosine, stdied the formation of adrenaline and noradrenaline 1n
minced sympathetle nerves and ganghia. They repocted that dopamune and
nocadrenaling were formed. Those studies of Horrz and Westzmuawe and of
Goovatr and Koxewen took form of & mire experiments on homogenzed
splerde nerves. To some extent oar results scem to support these findings. Thus
znpmbdi:thatlnd:cnudrmu-gx:v:mmmm:wmnmhorndj.—
cont mue form d vehereas the end that the

nm:d:wemrua—pwmcdnuﬁmndu-pammcﬁ-umdopnhbynomamm
chimre,

Buzn and Rarm (1960) muggested that the restoranam of the effects of sym
pathetre stmulation following an infuson of nocadrenaling 1 duc to the reten-
ton of naradrenaline m some form. Moceover they comadered t llkely that in
fusced precurson undago convernen n the directlon of noradrenaline before
they mct. However Mowcrotl (1960) has shown that in reserploired rats
(5 mg/kg) infimom of naradrenaline did not produce any increase of the nor
adrepaline concentration in the beart. On the other hand, 1n normal ran, the
heart concentraton of noradrenabne increased eoanderably after infimon of
noradronaline. These results of MoscioLL are m sgreement with the asump-
ton that reserpne blocks the active tramport of catechol amines to storage
granula (Hooses and Baom® 1939 Bemrire, Rostxaaxx and Rosexony
1960) At fint glance our experimental results and those of Burw and Raxp
appear to contradict this hypothens. However expenments have been per
formed in whch restormton of vasoconstrictor effects was tested 5 hours after
Lhcudm}nmndcndru:rpm&m:rmch--hmmmﬂmndrmhnc(w
#8 L o) falled to rastore the respome of t

stumulaton (onpublshed  beervations) Furth m the exp

described in thia paper 100 ;g of nomdrenaline could not retore the effect of
VaSOCOMtICorT nerve sumulation to a pormal level (Fig 2) It o this coo-
cervable that the action of reverpne had partlally subuded dunng the long
wterval between the sdmosiration of rescrpune and the experhment (20—
24 bouny} In the expenments of MincitioLL rowerpine was aho admmntered

ton of rescrpme might very weil vary accordmg t species and organ. This
the experiments presented and those of Bua and RAMD do not seem to contradict
the hypotbems that roserpine blocks the active trampart of catechol aming to
storage granules

mmmhmwwmmmwa‘uw
Forsurag & from karolosba

Rm'ﬂm(iﬂwdh‘)hhummwndb,umwm
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M ynaptically Evoked Inhibitory Post-Synaptic
Potentials in Motoncurones

By
E. Emx, A. Looosrzo and P VoommoEvE
Recetved Axy 13 1961

Abstract

Eme, E, A Luscarao and P Vooanoxve, Afe
Joct-pmaptic potwntialt w melsmmrencr. Acta physdol
-c:nd.l%] 53, 185—195 — Intracelhutar recoeding from moto-
Dewrones wes made in cats wath intact domal roots and m chraalcally
de-affcrented catr. Stmulation of the gray matter was performed

after  latency of about 0.3 meec. It b coo-
dnded that cxcitatory and mibitory Interneuronsa were sctvated

nnd that the synaptc delay at inhibitory and axitatory synapscs
o the ame.

The first meanmement of sypaptic delays m the central nervous system was
mld:byLolzmlr.Nd(lQ!Mwbofoundlminlmlddxyde’:c
for to Later inves wlt.hr:
cord]ngo('.heo(m:to(ﬂx Tapf

excitatory p
(EPSP)rtthewthcmpmwﬂryh:vegwmvﬂuuofﬂ.S—M&m
{Baocx, Coowms and Eccars 1952)

Esumates of the synapoc delay at mhilutory synama in the central nervowns
system rost on indirect evidence. The rolevant avestigatons have largely been
ade on the Ia inhibitory pathvay the start bemng Liovp  (1946) deseription
of drrect inhit ts the Inhil reflexes camwed by
I impulses from the antagonit muscle. Liovp found that ths mhibation
waa ducerible when the inhibitory and cxcitatory volleys arrived appeox
mately gmultancously at the spinal cord and concluded that the mhibutory
action was exerted monosymaptically the inherent smumption being that the

185
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1 Drawing of the ammgoomt o
l.nn'nuhnqlndnmhm

synapuc delay at inhibatory and ¥ synapses is of the same order Wtk
intracellalar recording of the inhibitory postaynaptic potennal (IPSF) the
ccntral latency foc the Ia inhilatory synaptic action could be measured scce-
rately and was found to be 1.3 msec or about 0.8 maec longer than for te
monosynaptuc Ia EPSP (Brocx o o 1952)

In 1936 Eccies, Farr and Laxpoxex pastulated that an mterneuronc $
interpolated 1n the In mhibtory pathway and that the delay at mhibitory
synapsas  ould be of the mm order a5 at exatatory ar about 0.3 msee. [
veshgations on other iwhibitory pathways from somatic afferents to moe>
neurones revealed central latenaes for the [PSPs that were 50 long in relams
to the senmed synaptic delay of 0.3 msee that one or soveral synapue relars
were postulated (Eccares of of 1936, Eccirs, Ecoins and Lu-mareko 1957 b
Cuxrn, Krigrvic and Meor 1958 Eccies and Luxosrso 1959 Fraxx and
Srraaur 1959) The same holds true for the recurrent Rendhaw inkibinos
from motor axon collatcrals (Eccirs, Fart and hoxemsy 1954) and for the
nhibitory acuen exerted by mmpulses in descending spinal pathways (P'-"“’:(
and WrrTLock 1960; Sumlar findings have alio been made on the e
the dorsal and ventral spino-cerehellar tracts (Cvrrn Eccies and Luxpsea0
1938, Coctrs, Hupraxp and Oscarsson 1961 Eccres Oscanpso and Vhis
1961} Pending confirmation of the bauc asumptson these findings add rppet
to the gencrahzing uggouon (Eccies ef o 1956 Eccies 1957) that o
inhilxtory pathway 1n the central pervous systern has a final s1age short-axoe
inhilatery nterneurone

Liovp and Wirsox 1959 have recently claimed that for the 1 ["‘I::
the IPSP 1 nat the primary agent of the inhitation but thi clum bas
effectively ref ted by Amaxy, Eccirs and Ito (1960) batory

In order t obtun further evidence on the synapuc delav 8t |n!uh P
synapees 1t would be deurable 1o record monosynapucally evohed "’f’
the pre<ent expenments a sumulis has lxcn-pphcdlhrw:hdtf""d"; ol
into the gray matter and the latency of 1PSPs and EPSP eoked hr;'w
neurpaes has been found 1 he about 05 mmee. A prelumunary reprt
given (Eror, Lioarxc and \ oomnor T 1960)
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with  dutenm of 0.1 mwet were delrrered via rdso freqoency bolation umt.
Al records contmt of many saperkaposed trace.
Results

A compartion [ gmapiuc sctums coaked by orpalns oo primary aferenis end by stowdetion
of the gy wmatter

The intracellular records 1n Fig 2u:fmmnpatmmbocep:-mtcnd.|m
(mt)motun:umu:mduhowt.bc:ympuc [als evoked on kb

dmmummncnamm“mmmmwammmmw
steel clectrodes yoserted a1 shown in Fig | and of the quadriceps nerve (C,
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A B8 [~
)
b B Cprenne B 23
N%v
N e

WE'WMN"V‘
o a

i 3 K Increasing secegth, d
‘@ 2t commant crongth i G J

dapot 14x30%, lz“" st M The BStperve aa sherard
A perve i £, 1, hasdh Thelmtr

[ —
the. aareai
L (¥ 27 M mmmm
A were vbialoed at i s
A% the odeer pecords ¢ e dher

meep mpeed

F 1 LM N The ccording mero-lestrode was filled with 3 M AG
solution and mn arder to analysc mhnbutory and ¥y p of she
postaymapiic patenuals (PSPs) evoked by GA sumulation, esrrent was pased
through the recording mucro-clectrode to change the membranc

{Coouns, Loctrs and Farr 1935) At & depolarning current of 4 ¥ 10 A
the Ia IPSP from the quadncrps (C) was in the hyperpolarinng durection
but when the current was decreased 1o 8 X 107 A the Ta impubes froe
quadniceps (F) hardly evoked any change of the membeane potental (f
Cocm 1 af 19551 Henee the depolaraing effect in I shawn the sre of i

EPSP evoked by the GAL sumutus, The lateney from the shock ariciuct ©
the onset of the EPSP n F 1 050 ssec as compared wnth the muﬂ:'ﬁf‘;‘:

of 853 from the 1a EPSP evoked from the BSt nerve n D {meaw!
the incomung vnlley lower trace 1o the onset of the EPSP) When the mermbezy
was hyperpulanzed w @ 10 reverse the In IPSP from quadneeys (1 a0 b
the depe lanz ny effect »f C A sumulavon mereases in H and b, Thit zw;;
n depolanzot m { um E.muubcducmlhcmpcrpoumnolpmﬂwdl
This n prened In the fact that the Ia EPSP from the BStame docs notlh”‘!b‘:
fh  ( and j A\ comparison of ccord L and h reveal 1’““}‘”
feversed 1PSP 5 b and the EPSP o L. have a simils 1 me-course and
the latency of the IPSP ; of the same arder ay of the EPSP mhwgsp
the depolanizat m n A 53 246 mecc av coenpared mlhﬂﬁOFa(Mn‘“
i B Ths difference however handly ngndicant ance the omet 1
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Fig 4 Ao Fip. 2, ool A 8 c a

recordtog with | KOI electrode. ——

Stipulsnon of the gy maicrin g

Aazmunu—um - W
feid afver a sbght with-

drrwal of the rroordiog dectrode

from the cell. The maximal bo- e oM ¥ g B5*-GM
EPSPfrom B¢ leshown

n D amd G F and ] wore ob- ast

ainal oo mimlanon o e B D |4 F

porve and of the gray tter &t

the e mroogth that was oecd -,

0 evokre the ™

H o teood G ibe
WCTYC WR dared

Thie recoed, obxximed a1 the cod Ly

hi
i
1iae
i
/
7

at fant yweep vpeed, thow symapne p ik ot d at g soength
of G sumulacon. Record E, taktn afierwardsy ifhstrates that the 1a IPSP
from q had pot reversed, bener the synapue potmtabs in A—C are
EPSPL In F—\ the srmapbe potenmals, evoked from the BSt nerve (F [
L) fom GM mummlannoa (G J M) and from the quadnceps nave (H, K,
N\) art shown dunng passge of current toough the recording rmero-clectrode.
When dunng byperpolarmaton the 1a TPSP reverses (N) ths ocrurs without
meresse of the thortdateney PSP in M, bener there u no evidence that the
GM volley m thns case evoked any shortdatency IPSP although record A
gver evdence of 1 polysymapoc IPSP

Tt woald be expected that GM i actrentes In affc and ths
o proved by the records m Fig ¢ The Ia EPSP from the BSt nerve {3 shown
in D and the EPSP evoked by strong GM sumulanon m E. With com-
‘uned sumutanon of the BSt nerve and the gray marter In F there was hardly
am increase from E, which 1ods s d le bat not complete oc
chron. On the other hand wath the weaker GM sumukas m H there b oaly
moderate occluuon. The wre of the EPSPm 1 Is 77 of the wum of the
EPSPrun G and H. Hence in Fig 4 many of the Ia afferents were activated
m the bugh toeshold range of GM stumulation. BSt motoaturones recerve Ta
EPSPs from graciBs (Eccres, Ecos and Lewoxzxo 195 a) but this achoa 1
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A B w::.~ 0 E
[irv 12 3

£ ]
125 155 188
F G H 1 J 22
et 5510V 5% 5% 5% 1%
L=

fram _ partrocoemim-sobs mtaororer
Rerord L abows tbr manamd bomoovmms EPSP fiom 1he gasrocner anieos orrve, The
tpclatera! cimsected 1 ! fumackes weve stmmulated ko A—D snd Fm] Corrospondoy
reowds m A—D and F—J were chaaod 1 the same suvoqth which s bdiated, oprwd
&1 multipdes of the threabod sireagt. Hyprpalartong corret (5 7 109 A) wae ot
e rxctoebirtrod P} o 1o E. The cptace foven the seioeslating cathiels m L1 ¥ 5
sfte of mure-chctrode recading e ST wo %) mm. Al the reconds were obtained #t the o3
amphiioa

small and eannut account £t the large difference 1n uze betw een the EPSPrmD
and E. There are decending patiiways with monosynaptic exctatory acoe
(Fiz 5 Lot as will be discuned 1 the next sectron there §s ey dence that ther
hatnot.mnlrdbyammn]m:ppﬁcdnnbownmﬁgl(occb\'-hl)-l’
¢ thercfore a sumed that exautory mnternemrones were stumulated.
Intraceflular recordiog was abo wed to wvestgate the effect of 1007
descending from the upper lumbar repon. \onosynapue LPSPs were ovaked
from the rpedateral entral quadrants (presumably from the vestibudospoal
tract but or thort lateocy IPSPs were found on sumnlation of the rpilues!
& the contralateral latero-ventral fumclex, The briefat segmental latency
found was 1.3 msec ay s lustrated m Fig 5 A hClelectrode was wed 5
recordimy and tn A—D oaly the monosynapuc EPSP appean. Hyperpolarmsd
nmwnpnucddroughurc]ctuodcmF—J.nd:xmdddem
wave appeurs, which misst be a reversed IPSP The amset of thus reversed IPSF
which 15 evoked by actmaty 1n Jow threshold fbres occurs afier a Latency 4t
130 J meec | nger than fr the monoyynapte EPSP Hence 1t can be coockd™
that this wahsbriory congecton  disynapuc, 1t can fariber br poralated 2t
the IPSP e Jked by umulan m of the gray matter m Fig 2 1 due 10 55
ulation f interneurones and pot of long descending pathways with >
syoaptic mhbntory acuon oo It 13 ponible that the whiletery
merpewrunes actnated U evoke the IPSP in Fig. 2 belonged to the Ia o
hilatory pathway but o nmmn:mdcm;u-mzhn.‘l‘bucm“!ﬂ
ipﬁhtaﬂmhﬂmmpnzhwm(mmnnmn}upd—ﬁmb;ﬁ'amumﬁaﬁwzs
prorones (Haceaxms 1952, Ecars and Liwpstzo 19 9 Houeg ™7
Lixoxexe 1909 Inaddium there mst be Interneurones medatmg i
20001 and presumably alo mtemeurones mediating 1nhitatron

mhibmney
descrnding pathways.
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A ‘2;_\/\
S —

o
E Qimsec

1msec
_

Snaptic achaus coeked by simileton of the gray maiter i chroncally de-sffereated
ormaly
In order to fascabitate the analysiy experioents were abo made on cloroaucally
d amumals after d of the promary afferents, one to three
weeks after removal of the rpilateral spemal ganglin L6—S1 Recordings were
made with electroder fillked cither mith 06 M K,SO.- or with 3 M KCl
soluson. W th sulphate clectrodes the IPSPs do pot reverse K clectroda,
on the other hand, have the advantage of Jower resistance and also permit
;nﬂymdzbcudmmmdwmpodremhbymzmdcmﬂ:m
The records n Fig 6 were obtaned from a gastr
and the slow conduction veloaty of o axon (record E) indicates that it be
looged to salews although this was not venfied by measurement of ity after
potentlal {¢f Eomxs, Eccres and Lumpseno 1958) The records show the
IPSP cvoked by GM stumulanon at & o sweep speeds in A and B and the
ng recordy below are the extracellular fields in rapome to an

idenucal GM sumulis after withdrawal of the recording electrode. The latency
of the IPSP 1n B is 0.53 mscc.

The records in Fg 7 are alwo from a g 1

The recording electrode was filled with 3 M KCL In order to prevent the
1PSPs from reversing a d current of 10 X 10— A was passed through
the electrode in A—D The IPSP evaked by GV sumulauon o shown in A
atslow od in B at fast scep speed and thould be compared wth the extra
cell lar fields in M and N Records C—D show the Remhaw 1PSPs (¢f
Eceivs of o, 1934) cvoled from the indicated nerves at thu leel of depolan-
mnon. In E—H obtwned w thout current flow these IPSPy reverzed and
actmally excited the motoncurone, The series I—L m Fig 7 was obtained

13
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Fiy 7 Recordiog
IR s ey

A oM _ g c AR
o 1
R e N
[ H o

revords from
% CTiu-sokem motoncuroes
1N, ) J% gl sEE
H Joom :lu-rriuh}lﬂu‘hk

3 3 X N

"""Eﬁ’m'/@“h«w WA REFLJad

H N Nl at bucreasing

at
e  f—— in the tn lower rows {
O rrovec: 1o V} where cemopoadsg
were

5 Tr/u v et o
- - - the sorength jacboatrd we
— passcd throogh the reewd
1oy cheerrode fa A—Dad
I—L. Reveral of the IPSPs v E—H and O—V ocrmred withowt any pammge of kypet
current. B, F J N and 8-\ were obtsined as the fas, afl wher records st e
U meep t O—\ werr nlow a1 & Jowrr woplification.

with & depolanuing current of 5 x 10— A chosen to mantain the membrant
potenual at equilibrium level for the Remshaw 1PSPs ay 11 illintrated in Tecordt

h and L. Under these conditions GAf stimulation 1 also incffective {n evolg

& symaptic potential and 1t can therefore be concluded that few or no erduorf
Interneurones with effects on th ceil were actvated by the GM stumlzt

/‘ Thn conclusien 13 based an the asumption that the Renshaw IPSP 1y pure and
" does not conceal an exuumtory effect. Previows nvostiganoas have not fve
evndence of an exatatory admixture 1n nembutslred spinal cats (Ecoums 4

of 1954) although tha cccurs m unanaestbetzed preparations (WiLsox 1999)

In the de-sfferented can succemful measurements were made on 14 fewx

and 2 extensor motencurcnes. The mean latency for EPSPy was 054 and
for IPSPy 052 msec The small difference is probably entirely cxpluned b7
the fact that the omset of the [PSF could be mere acouratcly measred
mnce n many of the cells current was pawed 1o reverse the 1PSP and

mth(hupmccdmrmamwmnmmm:wﬂdlnthtm’]dg
o ones to the i y effects dominated "hl"‘::m_
flexor v effects were preval The majority of b

mmmﬁomhiud-ﬁm

peurona shmulated are probably coneerned wath
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permmmlens motonewrooe of Fig 8 there 3 short latency monarynaptic
EPSP (latency in B .38 msec) as well as a Iater polyaynapuc EPSP which can
be observed at the slow sweep speed 1n A. Record F shows the maxmmal mono-
syraptic EPSF evoked by a dewending voliey in the pailateral laterowventral
funicles (probahly i the vesnbuloepinel tract) It ls emumed that the EPSPx
evaked by GV stinml. are doe o of § and not of
these descending fibres. Our reason for this asumptsn o that in & number
of cells fn which GA{ stunol fafled (o evoke EPSPa at a strength slightly sub-
nwamal for deet af the ! ty large mono-
synaptc EPSPy were neverthelen evoked by the descending volley A more
sirrct proaf coutd have been provided by experiments on chroaic gunal and

de-afferented ammah, but in this invesugation we were concerned mainky
with the philetory effectr.

Discussion

The folubatory mterpearone hypathen (Ecctes of ol 1956) was based
oo expaunents with the In whiletory pathway o motonenrones and until
pow the cvidence that an wtrneuroae o witetpolated 1n thn path was
treciold

1) Ta volleys from the quadriceps erve evoke pike potentiab m the posterior
bicepa-semstendinosns pockeus after a cenrral latency of about one mec, thw
preceding the oasct of the IPSP by 0.3 mvec, These spike potentials presumably
repeesent actmaty in pretermmal fibrey of the Ta anhibitory interasurones o
BSt celbs (Eccies a & 1936)

)mwmrcumufgrmphﬁhrulnvbelumlxraxdumdnlyinqu
meot with & postulared relay o the & duate wuckers of CAJAL and there
s H 'ndr‘ : 4 that e axoas of these celly terminate
0D moloneuronss of m fmuxor pucka (Stxxracormar 1931 Eccim, Farr
Laxoaarn

and Wresiar 1934 Ecoirs 7 of 1936, Comra 1959 ¢f Ecom
1857 1961)
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3) Spatial facilitation has been d d 1 the Ia inhibiory pathway
(Eccres and Linmaero 1958) This was shown m different ways, the mest
spectacular being the expert in which stimul of any one of § branches

from the quadnceps nerve falled to evoke a In IPSP 1 BSt motoncurones,
2 hereas 2 large 1PSP could be recorded on simultancous stimulation of
these branche.,

Altogether thae findingy « strong  ar 1 endence m
favour of the inhibltory Interneurone hypotheus but in view of the par-
mount importance of thu bypothens it was desirable 10 1e3t §t to the vimt
The only pasuble slternative would be to assume that the delay at inhibitary
synapses 1 longer than at examtory The peesent expeniments have excluded
th posubdlity The onset of the IPSP evoked by a stimulus applied tw the
gray matter occurred after a mean latency of 0.52 msec and a minmpal latency
of 046 msec. The corresponding alucs for the EPSPy evoked by these sl
were 0.54 and 0 50 respecuvely It has already been pointed out that ths
difference in Iatency batween the EPSP and IPSP iy not sgnificant. It is con-
cluded that the synapnc delay at cxcitatory and inhubltory synapees n the
same,

It veas to be expected thas the latency for PSPs evoked by electrical st

Iation should exceed the one denved by Baocom snd Ecovrs (1947) Brocx

o al (1952) and Ecoirs o al (1956) The uiilizatsan nme for the stumifs

and the conduction time to the termunals probably accouuts for most of ¢

difference. On the other hand measurements of the nterval between e

presynaptc spike and the onict of the PSPs may give valua for the symapo<

dchyonthc!uwndc,boam:th:omcloltthSPdcpcndijbtW
fibres, hereas the mesn veloaty 1 measured in the presynapuc reconding.
There was no imdication that fibrex in the upper lambar region have moec
synaptic inhibatory wath ones in L7 and S1 but & &
synaptic intubitory connection was found (Fig 5) (¢f Praostox and WarLOCK
} 1960) The monosynapuc IPSPs evoked on stimulation of the gray whm:;
- pr bly are due to of interneurones and the saome by postuls=?
for the EPSPs evoked n the ch lly de-afferented cats. The
technique could be tsed to locate exmtatory and inhibitory mternewrose
which tamunate on motoneuronar.

This Iovertugasion was supported by graat from the Swedsh Mesfical Rescarch Coroch
Techrdcal sturiance was ghen by Mos haxry Esmomcos.
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Swckholm, Sweden

Uptake of Catecholamines by Adrenergic Nerve Granales

By
U S vox Eurer and F Lisajeo

N\erve granvles were prepared from bovine rplent nerves (Evvex and Lomo

1961) and incubated at roocm P and pH 7.0 m hotome potaweun
phopt to  huch ol had been added in duferent concentratoos.
In the pr of 10 4rg drenaline (NA) per m! in the incubation fluid po

spontancows lows of the granulebound NA w3 noted in 60 mmn st 20 Cat
sgminst 2 Joss of 67 per cent when the NA concentration vas } rg per miar ks
1 the sncubstion flind o los was cheerved afier incubetion cven &
120 mm 1t NA 20 prg/ml  vith 3 egfml NA the low was 50 per cont dunog the
mme ame,
After previous ncubaton of the granules for 120 mun cuusing & depletwn of
about B0 per cent, and subsequent meubaton for 60 min with NA after s
and p of the granules, an uptake of NA was obserrd:
This was umall but measurable with § ug/mi NA i the incubation fhod and
4 with ralung conc of NA. With 20 sgfml NA i the moobe
tion flusd the granules vere repleted up to 95 per cent of the onginal ameont
\dmlhcmmhbldhtmwwpum:uﬁhurNA‘Rmﬁmmﬂf“l
did not prevent the upteke of VA by depleted granules. Adrenaline woas ake?
up by nerve gramules 1 mmdar amounts as VA
The rosults show that mhxcdmgnnubmnhﬂpm’m
vhn:hhuprtvmulybcmthmmmnﬁxdapmnncmadmﬂmduﬂﬂ
granules (Brarias et n} 1961) Ammngnmchrumdmmuinvimuin“ﬂ“‘v
1t mught be hypothenzed that while NA 1 reamed in the storage grambes whot

the concentrauon 1n the axoplasm n about 10 gegfml, ax actually found m Vi,
it may be relensed from the granules st Sower 1 e Rl
g NA flux through e axon b during pesve

cvcarch Coemacst wod tie OfFcr ol A

b Mecrcal R
Supporied by grann from the Swodnh et

epmce Rewearch Lnnted Sates Aur Force throogh m Baropees
References
by dee 5106

Buxen, A, G mv&uwmzmuwhd%m
o gracides of he adreaal medulls fa viirn Ace pywd omd 1961 S ™
Feum, US  aod F Luago, Noradreoalioe riewss o mobased merve
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A Self Recording Electronic Osmometer for
Quick, Direct Messurement of Collaid Osmotic Pressure
in Small Samples!

By

A Tysjaxzo Haaex*
Recchved 8 Apeil 1961

premare
and the gpecml requarements to be fulfilled if perfocmance o
15 be obtamed are dixumed. The Importance of the iffuon phe

pomble o bn v extigations of actrve trans part

problems in

000 with organic membraoes o hinted Lrunnyhhmmd
that the red blood cells nnder certain crametancs

the carnotic premure

A prefuamary repart wae given at the 12¢h Azonal Mevting of the American Phrysiological
Soaety fan Frantwe, Angut, 1960,

Sopluc Frcke Fellow of The Royal Danlsh Acadenry of Sccnces xnd Letters in The Rocke-
Seller Inatrruse.

Present addres Repsbospitalet, Copenbagen.

13613013 dcte phynel. scand. Fol. 53



By the introducnon of clectronic presure ranwducers into the direct osmo-
roetry (Tvayamo Hasmy 1950 1952, Mexrtax of of. 1950, PArrrxmerves asd
Lxx 1933 Rowz 1954) the poxibility of reducing the measuring tme as wel

ammwﬁdmu@mwwlxmdzhbm
Phayrislagicel demands

mdlrmmﬂnnmmto{rbcmhcmofdxnluﬂnnmqm""
mﬂcdlunlpermablcmﬂ:utrmamtunmcmhm:pamnhlcmthtm
but unpermeable o the wolute When solvent and solution are placed on dther
side of the membrane contlguity ia obtained through the interstices and asmotic
Aow beginy from the sobvent into the solution. Thu flow will continue as long &
there o flaid left 1n the solvent compartment, at least theoretically The mecha
num by which thn floy 15 generated iy not fully understood (Mauro 1957)
Houw&xlumﬂumudhyhydm.&cprmmuumcthﬂ‘hydn“r‘ﬂ”
mdanthm{urcbtdowd,tmypedwrcvmdlhnuuhlcmcdﬂﬂ‘m
umbh}edmmcmmmpammmpmmd;ﬁumwﬁmm
oet flow takes place in either directlon, is per defimitlon the camolle presre
(=) It u proportional to the oymolar concentration (C) and the absoloi
tempernture °T) | ath the gay constant (R) as proportonality factor sccording
to van t Hofl' equanon (x = RTC) It should be noted that xr i independent
of the species of the solute malecule.

The zero flow enterson m the bass for all direct ommosmetry and th Jmphe
m:tdﬁmonofmlmﬂnwwmmcnanipmmbkmmhmmﬂ:
part of the measurement. The volume duplacement can be obscrved directly
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be mdicated by t effect on the presre 1n one or more rarely both of the
compartments.

In the socalled static methods (Waowxm 1945) here to be denoted passire
the balancdng premure difference is camed by the ommotic flow el The
equilibratmg tme is proportional 10 the relatson betwern the volume dusplace
ment and the pressure change it caues,

In the dynamic methods (Waoxer 149) bcrcwbcdcnot:d-mu the

volume displ acrom the b n a3 & means to
gui.dethcndjmmtofm extermlly” -pp&dwmmmutobrmgnwut
xero flow condicons. For the sake of uence one of the

u-nﬂckmunnmphakmj\mulheaxhhlhemmrm
The active method was introduced {Tascasnn 1692) 1n order to redoce the
ty long nme required by the pamive methods, The reason
for the slownew of the sasd methods s the very high flow reslstancr characterntic
ofmmﬂcwmhl&myﬂqdddhphmtmthc
in principle could appeoach xero in the active methods the problems
ufth:prutnncdmumﬂmumclcamwbcnﬂsﬁdoﬂlyrmhd However
the period of fine adjustment 1n the actlve method Is not much las tme
comurring than the last part of the approach to equiibrum presnoe fn o
comparable pasive method ¢ ¢ wath the same sensdtivity for detectng volume
doplacement.

The basc consideranon in attompis to reduce the meanming time 1, there
fore, to increate the senitrvity with which the volume dusplacement mcroes the
membrane can be detected, . ¢ o merease the modukn of volam  elasticlty
(Tynpamo Hamex 1949)

Elactromic wethods
Tt b Aret of all in drls comtext hat the opportunities of lectronx methods must be

A rncthy aurfree Allong of the compartment 1o which the deatny presare & 46 be
detected 1, of coxmye pecrmary 10 order © wunaun the high madubn of
of the oanshicer

For the same rrwson the emewn! ¢f & qmd beld 10 the premare chamber of the ownameter
shoud not be 100 Large, a8 the comprombrinty of watcr n not pegligible compared to the
compliance of the premurc-senmtive part rse (Tybgerg Hamen 1919,
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WELAXATION CURYES

1 The shaw the effect of ultimat substences. The aasotic *
ama oty penemating prowers

mmewnd-rmmlhndm‘amnmymmt 1o the
ftlﬂrnh’.:lnqucanh:DHOumctmnﬂmhnh:luW\l 18%) The laitial reforos
Mhhﬂmwmnwhmnmﬂ where it i DHO of sppess
bmatchy 10 ML ton, Ures ks & rkably low coefhaert.

€ beacls w0 coactiag

\\’haulforlbcmpnlbeulm-mlﬂvdm:dnpbm
demands an the desgn, 1t makes teasmer fnon rqtctbn.hnhoﬂ'm;hzuppmnﬂﬂd

minative.
A tedaction of the thcknes will fachtate the volume fov So will an cobargemet €
lhcuuhnlnbothcuahwﬂ]bumzhudtrm:mﬂlrlpd}ymwﬂﬂd» jigsn
brenc. F an ‘c‘thl:rﬂrun!co\mtErtoLbcddﬂ Jewid
lmﬂnmplc.whlchnnnpunxmin-mmbcrd'mmwwhhhchﬁﬂl
= o rcathdy
Although the ressonmg on the whol Leads to the recommendation s
membrane of mmall ares, the actoal st comproc®

Inﬂdﬂmobumlq\mkmhﬂ:hm
mm@mdxmmtdﬁm@mmmddmmmwmﬂﬂhﬂ’
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However in oxder o void changes fn the bt concentration of the mmple it must be
large in compartson with the volume of the refcrence fhid, or rather with that of the

refcrence volume. Thu b defined ss that part of the findd within the wolvent
Whmaﬁwmmmmmmhmm
malntained.

The beast pomihle effective reference yalume will be that of the membrane or mare
precieely the valume of sobyent i the membeane. It f posiblc to approach the very
Cclonely a5 will be sbown.

The reason why  diffusion equilibnum s important to establish in connecton with
mexsurement of COP b that the penctrating moleculat 2od fons exert their eamotlc effect

refcrence fuld before the meanrement may be teed a3 8 means w0 eshancr the artablish-
ment of diffumon equdlibrium.

Chaacs of sempls compartmond 2 relstion W presaces

The solvent flow 18 dependent on the promure difference pd not on the abaglute
prowures 1n the two par The provure diff indlcating the ommotle

negatiee herlc) pr m th lning the reference
Thn makes it smple to change  eample, and it pe ination of the

chamber with

Dangn ond desription of the esmemcter

The pelnciples here ded wore mther folly apphed in the finr

vernon of the oymometer but t has been posble to exploit the princlple more
fully in the new one here 1o be deacribed

The transducer tell (Tvajemo Haxaxx 1949) & only slighily modified.
The olume of the pressure chamber Is reduced to 0.5 mL The mod lns of
volnnxch;ddryulhghdyh!gha'.hnnlhe4x 10* dynes X can.™ of the old

71: lectromc part { the apparatm  epresents an improvement in perfor-
mance but there are no prmcipal changes. Only the asclllator and coaverter
bot not the amplifier are wed. The output from the converter is fed into &

Unrrerm] Tatacasor DUSA ELEKTRON IR, Copeabagen, Dermrak.
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, Flg. 2. Axial sectson of tbe osmometer and exploded view Explanation i text.

standard Vasian Recorder The modifieationy of the ducer and 2
“ electrome equipment will be described elsewhere 1n another context.

The fint vernon of the osmometer was deignad a3 sn active method 3
accordance wth the aforr mentoned prnciples. However a3 t became evideat
that it would be ponlide to achicve cquilibrium withun & ‘ery short time eved
with & pasuve method all auention was ghven to develop the osmomeiet
accordingly 10 ay to avord the troublesome counter-premure procedures of
the active methods, This decion was further encouraged by the croumstance
that the reductron of equlibrating time bad resched a degree where scove
mzd)odjhldnopardcuh:-dmugubcmuseofther:hmdylﬁ““‘”
fluence of the diffunon conditions such as stated above.

Type G-10, full seale deBection 0o 10 m\ 30 25 secondh, Paper specd 4 fnchoafon a4
tach/minute,

1
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CAMITIC PRESSURE OF
ABY SOLUTION OF OX ALmusas
AS AFONCTHON OF B O CONCLWTRATION
mer -

.- \“._.
> 4 —
re —
10 -
§ 0
3 The cffect oo the capotic presare of -
T oty rtieie §°
adaptatian of the Doonan equillboum. It -
from the carve that the effect b P
p ey
1 1 3 E] 4+ -]
oo SO 8

In order to make full we of the gh moduhn of volume clasticity the stop-
cock that was prewnt m the fist “erxion was sabandoned 1n order to secure
abwlate tightnew. The result was bl Ification of the
which now constity of two prmopal parts as shownin Fig 2.and ¥

The presare-tenntive tramduocer (2}

The clamplng umt. (1)

The two parts arc asiembled by a tireaded plug and socket armangement.
The leak proof sealing o accomplithed by an O-rmg (A) Thb arrangement will
not only make rre that the system be ught wathout mpeinng the moduha of
vohmie clasticity bat abo that the inner volume and comsequently the pressure
can be cusily changed uot by tarning the clampang untt slightly wath regard to
the trapsducer

The damprag ou: (1) b made of sminless steel The decluve feature 1 the
xrangement for the support of the semipermeable membrane. In coutrast
with that of the fint -trdon the supporting cylinder (B) has a completely
mngoth surface (C) without grooves of any kind, The membrane (D) rests di-
rectly on this surface. The convexity of the surface & incressed compared with
the firt model, The suppocting cylinder (B) fits tightly into Its socket 1n the
body of the clamping unit (E) leaving a thin, concentrie, cylindrical space (F)
a5 mmn ton to the etric chamber (G) In the centre of the
cylinder 1 dnlled a tiny channel (H) that jurt permits the imearnon of a 27
gauge peadle. Ths srangement Acdlimtes fathing th space (J) hnt beneath
the supporting cylinder snd the concentrk space mentioned above The surface
f the supporting cylinder i1 foah with the fmmedutely mrrrounding, sfightly
recemed sarface (K) of the body of the clamping tmit. Its carvature fs smoothly
contineed s0 a1 to form & sear for the membrane (D) and the O-nog (L) so a3 to
brurg  bowt & tight sealing in i with the L itself, The
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curvature i desigued 10 that the O-ring bs expanding the dameter
while being clamped ascertaining that the nmlm;h:gmm&m
lh:wpporﬁngturﬁmmchmplngduk(}\i)lmt\nm(\’)wtmhm
tightened by hand and two short guiding plugs to faclitate & xmooth opers-
uon of the clamping procedure, The hole In the clamping dusk on the rurface
facing the semipermeable membrane matches the diameter of the supparting
eylinder Towmrds the other surface the opening 11 widening w #s to forma
comucal receptacie (P) with a capadity of 1 ml

The clamping unit has a thread (Q) on the cylindnc surace of the body o
provide for a ludite eover (R) The cover has two small operungs (T) (female
Luer lock adapters) to permut measurementy with samples exposed to variow
gases and gay mixtures This woukd abo make it possible to operate the imtro-
ment as a null indicator if for any renson that should be desred, Tightnen 5
secured by an O-ning (S)

The way the membrane 13 supported and clamped creates favorable cond-
uons for the esablishment of diffuslon equdlibrium, The effectrre referenes
volume h reduced to that of the membrane itself and the capillary space
beneath it. In the eylindneal space (F) and in the tiny channel (H) thereiss
concentration gradient to the flufd in the manometre chamber (G) but
gradient does not influence the equiibrrum in the effective reference volume and
4 undmturbed by convexion excepung that brought about by graviwoml
forces. The desgn asures that the reference flud always becomes identical with
the ultra filtrate of the sample in the course of & messurcment. No change of
Auid of the premure chamber other than that resultng from the mexnriof
procedures i necevary The actnl effective reference volume i, of oo
dependent on the particular membrane used. The membrane which bas bern
found very wseful is Schlmcher & Schuell, Ultrafine Membrane, Filter Type
U A Deme' Itn 01 mm. thick when wet. The area exposcd to the smpc
b 3.5% = 38 mm The volume consequently i about 4 =t

) The volume of the sampl 135 generally 1(')011:11:-‘-07.!1:&cv'idcmlym?ﬂli'ﬂ‘{"l;h
on. Even W

. change of concratration will emue a3 a comequence of duffind
a3 mall & ;ample as 20 mm* which is the smalleat recommended no effect &
plasma COP shonld be expected because of the diffaence bcmtm'h‘u{m‘
concentratons m the plaxma and m 0.9 % Rline, arsummg po change
mnumpuonwhid;u]mﬂﬁcdnnlhegfoundoftb:h;ﬂ'crdﬂ-ctd'?‘ﬁ
Thumtmmthnrppoﬂedbthcrau]unfnmunngCOPmIS'G“d&d
mn solution th -arious concentratons of aaline (Fig ¥) The alight

wbﬂhnppartntrcqﬂrumunhlngadcvhﬂomlnnjtmwmrnﬂm;w

woald enmue 10 the casc of plasma versus 49 ¥ saline in the above
relations., It ks, therefore, mfe to use 09 % saline as staodard reference

The effect of the salt concentrations 1 related to the conditrons far the Dooe?

equifibeium (Wacrx 1949)

Cam. Semmoms & Sarimiy Co, Keenc, New Hampsblre.



Fig. 4 The {lustrasey the cnomstency and speed whth which the camotacter rey orts to 7ero
mmwammmmmmmmhpmumm\mh
roaune recordings & ed m Frg. 3.

Priporetion for mearsroment

Bulmg The wamducer and the clamping unit are boiled 1n dotilled water
10 secure complete filing of all paces with arr free fluxd and for the same eason
all party are anembled under water

Conncction is the dlrctric aggrepatr sad taimg The cxmometer 1 taken out of the
water n yoch a w y that the water remaum 1n the reces at the bottom of
which fs the seat for the membrane. The connection to the electric apparatus n
ctahlithed and the performance tested. At this stage the oonometer should be
checked with raspect to premure semutmaty even though t stays remarkably
stable, uninft d by any of the proced d in its we.

Fremo elibration. The preware calibraton v carmed out by meam of the
hucite cover (R) In connection with 2 nmple mercury or water manometer and a
Premure device delrvenng both neganve and posduve presures. The over-all
Eneanty of the ramducer s within 2 from — 300 mm Hg to— 300 mm Hy.,
and much berter than that m the actual range of mesnmng from xero to
— 30 mm Hg Whereas a real presure calibranon o hardly necesary more
ﬂhnmﬁx-nymmdu:crhn‘ncmdw:kmeitnﬂthry £ cvery time
the membrane » changed and, of course, if the ccctronic apparats has been
wdjmted. One single negathe prescure al e will suffice for the calibration be-
odes, of conmie the zoro presure.

Iescrtwm [ the semspermesble mombrene 13 the pext mtep. The membrane o
brougtt to float on the surface of the water left in the recest The water i3
mtdlnyluﬂﬁznlhmtthhrmglh:mmhmmmmhhhhdx
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hIghmpolntol‘th:wppordngtylindu The membrane 15 centered and the
O-ning Lkewise centered put on top of it. The clamping duk I1 put iato poa-
'Aiantmlhcbodyohhsdampingumtmdd-emnmdginmcdundltmad
contact 13 made b the two cl of the clamping unit. During the
tightening procedure the presure i smereanng in the esmometsr but reverty
qu{:ﬂytothcnntba:ﬂneumuhmwduimdxcmmﬂm
mumlch:clunlh:ﬁmmonhtmbnmudmmﬁ:mpmdh
unnecesmary to check the baselive (Fig #) The membrane should never be
allowed to dry out pending the clamping procedure and it i to be kept coversd
by ¢ £ physiological sline between measurements. Distilled water 1 preferred
overmight and in other longer periods of idling for the inrument,

Temperature comtrol

The COP is dependent on temy v ding to the van ¢ Hoff eqoation.
Ordmary variatons In room temperature will, therefore, pot disturb the mes-
sureracnt materiafly Only if COP 13 1o be measured at other than room ten-
peratures will water bath or nmilar means to control the temperatoe b
Deccsary

However as the baseline for the of COP iy temaperature depes-
dent 100 the problem requires a Ittle more consideration. It 1 mfest to plact
lh:-pp:r-tmlnlm(ublth,bmnotnacmnlytonpplytmpatrm'tcwkd
unlen measurement at other than room temperature 1 required oc the room
tentperature 13 more than usually fluctuating The temperature must then be
kept withon approxmately + 005 C

A very practical arrangement that takes oure of all poedbiline Iy ont fo
which the osmometer fs placed in s commercially avallable 6 ¥ 6inchey, cyfindrc
stamless steed jar so that the cord 10 the eleciric apparstms 1 entering whist
tight through a hole made in the bottom. The jar Is filled with distilled vt
to the level of the clamping duk, A stirrer b provided. If other than room tem
} perature » demred water of sutsble temperature ¥ nm through » cofled-op
copper tubnag from & temperature-contsolled body of vater The arrangemest
here outfined hokds the further advantage that the osmometer may be boiled
o s, though partly diassembled, by wnng an clectrc dipping heater

Baselow
Ththlldlncuﬁmlwdrq:mdui“hﬂlthmn\hzﬂmtmmﬂﬁccﬂnﬁ?;
won w the effecuve reforence volume as 1o the receptacle 1 ¢ nft:rtﬁﬁ'm
cquﬂniumumbﬁ:huimme.mmmtofﬂmdmthcmcpudehd::hmh
whm&cmhmurmrdcdmdwhmm:mpbhhul?ﬂrcmﬁ:

no correcuon to be made, neglecting small differenees dermll bayelloc

d of the muuflhcﬂuldmthbrmtpud&’nmm

& 10d
pmm;whmxh:m\mn:hrmhdmwmmwn’m
hukmmmn:dk.mmhyd:mmucprmn‘uinbod\uu
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The basehine is stable wathun .= 0.2 mm By for several hours, if the tempera
ture o kept within the hrmus stated above, and after & couple of hours have
been allowed for warming up. Withm shorter intervals the variations are even
wrmller

If the pressure ks ralsed ox lowered by turning the clamping unit the pregsure
il revert to the basehne very neatly as shown in Fig 4 It will be noted that
the approach of the presure curve to the baseline {s symmetncal for paitive
and negative prewures, It shows that the membrane doet not yleld mare when
the presaure is poritive inside the manometnc chamber than when it B negaave,
in spte of lackmg direct support In the former case. The presure curves ap-
roach 2er0 exponentially in accordance wath & Pauseuille type of flow

Duplacement of oolame

If the semi bl b were tutel ding and the O-nng
between the cammng unlt and the transdocer completely unpliant the volume
change per mm Hg woald be the same for the osmometer as for the trans-
ducer . about 3 % 107 mm® This, of course, i not to be expected.
However a check b eanly made by turning the camping unit & small angle
and recording the premure change, As it can be axrumed that only an nfinftesi-
ol amount of Equid will bave passed the membranc m the shart time necoysary
1 turn the clamping onit, the volumefp rehabon will be a valid ex
prescn for the elastic propertios of the oxmometer

The radim of the connechng tube of the wansducer is 3 mm and the patch
of the thread 0 75 mm. A full turn I3 therefore equivalent to a volume clange of

3 ¥ x ¥ 075 mm*

Averaging three experiments it was found that & turn of about 1 changed the
promure 133 mm Hg The actual figures 6/740 x were obtamnced by recording
the distance (6 mm) travelled by a 370 mm long extended pownter fixed radially
10 the clampung unit. The volume change per mm Hg 1 consequently
Pxxx075x6
133 % 740 x x m? 4 % 107 mmt

It thown thar the efforts to secure a nghdly supported semipermeable membrane
hvebtu:vu'ymccc-fulindtcd.

Chcs f mombrane

The performance of the osmameter as described above relates to the use of
the memb d in with the diffusion problem. It Is a
cellulosc membrane and as ruch tougber and more renstant 1o both mechantcal
and chermcal injunies than the collodion memb that were rec ded
f connection with the firnt endon of the oumometer It abw wrver one the




of awnotic of blood serum. The muabms

Fig.5 A senes of outine determaation presare
w%ﬂmwmmmuummmmﬁm
\mhofvrhvchnlmmhém oumotl premnmre o resd daectly in men Hy s the difSeres
the of the hortsontal part of the upward T\ep-pumm

the
y a1 speed of 4 mches per hour One Inch b the distance betn een two beary

tme consuming and often very unrewardmg efforts to prepare suitable coliodin
membranes. However only the further reduction of the volame displacement
bas made 1t possible to use a membrane 1o much thicker Although most of the
rembeanes from the same batch are usable it pay to pick the most suitable
from t About one third will function perfectly 1t ls easdly yeen on the insertion
ofnnmvmcmbrln:whcthzritwiﬂbcqui«lmnugh'umﬁﬂ'wm
}W'hczh.e:nhdgh(moughututcdbylaviuglnluﬂcnofmnﬂnmﬂﬂﬂf]‘ﬂ*
omofthcump]uofph:mzmth:rrapndcmdohawngthndtfq‘ﬁ'
brumn positon 1 kept unchanged for an hoar Tbcrmcpuzkm\mmb‘
covaed by ¢ 1 lmﬂbukawhmhmtchathcopcmngafthcmfpﬂd‘h
order to prevent evaporation The membrancs have ahways complied with tht
text. Hu:mgluhnhunlnbccnmcdututmnaulwﬂh&:nmumﬂbm
mesmbrancs that have been deemed too slow however wall give the same reslt
with regard to colknd camotic premure but the ev:lmllibx-lumwﬂlbcl""‘:""cd
after 2 longer perdod of time though always within about 15 min, The mem-
bran:unbemcdfmmnnw»dzhoutbdngnkmcutdthemnﬁﬂ:ﬁ
tbere & no change in umm-mmmnpmwmmy‘"
osmometer for & very long tme tnmfmmﬂmmtmmnﬂdww;
can be left ready for unmedlate vu-rkr.n.-cr-tl:cm-.nl-r.-ﬂglP‘=\'*"d“m"""'”ﬂ
20 need for re-calibratlon or re-sctting from day to day



The wearwroment

meam of & duposable plpetie. The exact size of the sample b, of connse, im-
materlal, only it rmum cover the whole effective part of the membrane. Generally
0.1 ml b wed as menvoned before. The pressure will immediately start to
frow negatve m the + = ind d on the recorder
When 2 plateau is reached after 2 to 4 min the osmotic presaue can bo directly
read, The next meanmrement can be made after flinhing with saline has taken
Phcr_lthmntu:nryml\dllcomplncrﬁm! the baseline, if the tem-
PaAnare control b adequate, and the zero Hoe therefore table. Ten to 15
Deanrements can be made per hour (Fg 5) In accocdance with th predic
ton made In the section dealing with duffemon problems fustung with various
concentratiom f mfine docs not affect the collodd cxmaotie presnure of plasma
o serum, However the inital presame coumse before equilibrivm s attained
thows vardatlon In  coovdance with the diffcrent concentrations and the os-
motic flow due to the diffuring molecules ay already d d 1 Fig 1
(See the curve for NaCl solution.)
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Fhukmg and mctron are very iently done o ly by meams of s
twin stopcock made from standard unis (Fig 6) A 10 ml syringe s wed,
filled from a standard saline 1nfuson bottle,

Thtmﬁnkmluuuohmctnmmlhnﬂmmwmpoundcdhaﬂmﬂtd
from a seriea of 10 measurements of 10 consecutive sampley from the same serum-
Each measurement i carned out exactly ms when d fTerent sera are used. The
limsts are 4 0.5 mm Hg for the Individual measurement at the 5 5 level

Exenplas of A lew characterintic rauls of COP measurements
are iflustrated In Fig 7 is shown the relations of protein concentraton and COP
over a range of ratlons parable with jons found In wers.
The COP s characteristically nddng out of proportion to the protein concmz
tion s thn latter 11 growing when the protein concentration is sated on ‘h
usual weight volume basls. The matn reason for the lack ufpmpm'tbmi‘zm
that the part of the volum of the solution taken up by the proteln Itself
it ble asin g salt solutions.

?28}" 4 the colloid oxmotlc premure i compared with protein ouncmtﬂlhl:
in & number of scra The OOP\-.mmc-mﬂ:diud:zumc(notmoﬂ-‘ml)'ﬁﬂmrt
which chemical determination of the protemn concentratron wan earricd
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SR PRSTE TOTAL

} i A 1 1 ) i
PR OO

Fag. 8. The omnotic " relited (o the total sermm protetn valucs
lrﬂnnnhummpb(tdm-mudmu that of the ol protie tht-m'pi.-.
The thecim Indicates O actzal Concen

routinelyt mmaﬂngrm(bctmetwomup’ofrunluugmd,
but on the are carrled out correctly it can
lbbc-tcnthnmmrmmmnfmmmcqmnmyw-mthammlyhenndc
»lth & wide margn of uncertunty in any single case.

Comclréing remaris

A stremed throughout th  paper the cxmometer has been dexigned wath an
emphags on the measurement of COP 1n body flmds, the asumption being
that the presure measured bs the same as that exerted in the orgamism, The
Prerequinte would be that the aruficn] membrane resembloy the caplllary
wall wath respect to mobecular size ducrimination and that 0o materal eon-
cntnton of protein h found outmnde the wall Although pone of these pre
Tequrtites are cntirely fulfilled the over all pacture ts probably not far from beng
correct (Sramtixe 1896 Kaoon 1929 Laron 1927 Droes 1937 Parrrx
WEMTR of of 1948)

Q\ﬂltmdepcndmlnfquucmonlbcCOPm!umdhn,urmum o
Physkal dgmificance and the osmometer may be uscfl for the meararement of
CmOUC presture alo m ther fields and m otber ranges of molecular nze if
sutable pembeancs  used. A possible use wall be 1o follow procemes m which

For mating the sezplas i astabie T wh 10 thank Rov VY Bomrogs, i D Chaef of Chhernlutry
“ow Yark Howprtal, M.Y.C.
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thcunkcuhrwdghtkchngedbypolymmnthuordmmcgnumu-m
sequerice of enxymanc actmty

As shown in Fig I the difference In molecular mze Is demonstrated by the
transfent ommotic effect of penetrating particles. It o reasonable to amume that
the osmometer could prove weful in a tudy of reflectl ffich
and their relation to total onmotic pressure (STAVERMATOr 1952) In tho conmee
Lmnillhnuldbcmcnuoucdlhulhcnumordldno(abwrvcmylhnml
ommotls with varions coneentratiom of urea such ms reported in the lherature
(Geim, 1953)

Instead of using the app for investiguting the ch stics of sohibom
it could be applied to the examination of the propernes of membranes. The
opportunitses for csumatmg the fow remstance for water bs already mplicst In
the preparation for the ordinary use of the apparatus (vee page 10) but could
be extended to the testing of other membraneas intended for other use.

Attempts have already been made to examune the activity of organic mem-
branex (frog skm) in the apparatus and 1t is possible that certam mipects of the
active and pamive transport problams could be clocdated by this tech

Finally it should be d that the of axmotie peesare of
whole blood which was enginally anticipated has proved impractical if not
impostible. Instead the experiments carrted out m thes connection have led ©
mteresting observatioas of the csmotc cffect of the erythrocytes themselves -
der variow coodittons Resalts and ther powsible mplieations in the g
organum have been reported chewhere (Tyajarsa Hara 1961)

1 wuh to thenk A E. Macvowmo, chicf instrameyt maker of the frm O Dach,
who made the trazahicer and Mr Nrzis Jaxoans, lstrumant domyn englacer The Rockefcler
lnstitute Instrument Bhop, where the clamping unit was produced.
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Atternpt to Demonstrate Large Arteriovenous Shunts in
Skeletal Muscle during Stimulation of
Sympathetic Vasodilator Nerves

By
Jomarcas Parex. and Sure Rowerr,
Rectdved 27 April 1961

Abstract

Atiompt b devansirets gy eririo et
shunts o cirletel swesle during stimeletion of rapathein cawdilatsr .
Acta phydol scand. 1961 &%, 214217 — The venows recovery of
tra-srierially injected wax spheres of dufferent diametery (average
sizes 701, S0 snd 404 respectively) was determined in skinoed bind
kex preparatom from catn Prmage of spheres into the venom out
flow would indscate perfoxion of lage arteriovenow shimts The
resalis provade 0o support for th smumption that vasodiator perve
activity opeps lrge arternovenows thupts of any importance from the
quarntative point of view

Hvuax o «f (1959) conclnded that vasoconytretor and vasodilater nerves
L’)thc:kd:ulm\ndevmchm-yinnaﬂt:dlﬁ'amtqpuo{hloodvtd’md
that the vasodilator effect 1 pnmasily on non-numnfional veseh. In order &
shed further light on this question t has been sought to establith whether buge
dllbaummmommnnumopmcddmgmiwtydmcrym?lw
vasodilator nerves, For thus w:xrpbcruu(v.hrmd;’ln;c:n!"d:t:
diameters 20y, 30g and 40y) were injected intra-artermally venot
wmyd&u:nplmudurmgwmdﬂlwmmquunﬂam@&‘
tioos was determuned. [t ras swumed that the spheres would pot pant b
uucmpﬂhnﬂﬁm.ruwvuyd:plm’umdnmoutﬂmvwwldmdﬁ’ﬁn
thcammadpaﬂncdmmnhunno{mmocntuﬁbawllb'
panage of the spherer.
Prosent adkdrem  Medmmische Putdunpmlldalinl’hnd-cadhchlﬁ-w

Germany

g
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Table [ Passoge of wirs-arteraally injoctad micregpbires thrmgh the casular bad of the kind Gmb
sacler of the cot wnker cmiral conditwns and dxrng sawdilater witt st Loiva

Exp.  Stmmluton =5 Blood flow Number of pheres Per cent apheres
w.  Cooirol = C Enjected rocovered

mimin %  Ppu Wp 4O Wp N Op

~e oaa’

100 460 403 410

g

s s E) 2
8 4 1 1
C L] b4 1 1
s 0 1m0 w0 200 2 1 1
a 3 6 o 1 1
5 3 100 1 o s
3 s 12 0 W N0 0 2 1 °
a € [ 1 ° 0
s s » 3 1 [
4 5 S o o0 o 0 2 1 0
o as 0 1 0 °
8 B [ 1 . °
s s 1t 0 0 0 360 2 ° °
s a 25 o w5 10 ™0 0 o °
7 [4 ? 0 0 20 10 0 ° °
Per crat above resting Jeval, immediatcly befors Injertion of sphores.
Methods

The experiments were performed on seven cats welghing 3.5 0 45 kg T elminate
the effects of vamconstrictor nerve activity rescrpuo (5 mu/kg) was gheen sbcuts-
ncoudy 2024 hours befoce the acuts experiments (RosrLs and Rombx 1961) The cam

The sympathetsc chakn, tolated and tramected via the anterior pproach, was st
lated mn the dutal part with  brpolar mier electrodo at the feved of L—1 e

aal produced by » Gras Modd S+ somabator was used throughout,

The recording pwtrument wis  Giram Polygraph.
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ldrTrlr:u‘s,.hu
mphq—umnnpmdcdlnzmlbloodfmmtheqwﬁmulmlunlmiln
futo & closed bypam Inserted between the femoral artery and the drop chamber ka.:nfd
mghemdﬂﬂodﬂowfmnlbemmmbmymhbmlheqﬁﬂummrad
nto the hind leg The venous blood was collected for a two-nm te perlad, beginning
with the mjection, by means of « T-cannuta imerted in the fernoral vein, The mumber
uf:phzuin(hcmmmuﬂwwuddcmﬂncdbycwmhguxunmhthcm
(for detalk see Pnrra and Scrorper 1954)

Results

The results are summatrized {n Table I Dunng sumalation of the sympathete
chun the average incressc in blood flow was 80 per cent (range 30—110 per
cent) The average recovery of injected spheres was 3 per cent of 20y 1 percent
of 304, and O per cent of 40z spheres. The recovery under control conditons
did oot differ significantly from that dunng vasodilator nerve activity The
recovery of spheres was 1n all casey low

Diescassion

The microsphere 1njection method hay been appraned by Pupr and Saice
pr1 (1954) and Poren (1957) Reeovery of intra artermlly injected spheres ia
the venous outflow b thought to demonstrate the existence of perfined arteno-
venous communications of larger aaliber than the duameter of the sphere
However nhcmethodpmwdammfornndonunth:morphnbgcmﬁmcwml
charactenstics of such vesmels, 1. ¢, bo cvidence as to whether they are tho-
walled permeable capillanes, or thick walled impermeable artenovenous shunt-
In most cases studied, the pamage of 304 and 404 spheres appearcd w indicate
the presence of thunt flow whereas in some instances the 20z spherts were
apparently abl to pam through capillary vomels (Prrra 1957) Swce m the
mtmdythcrwavuyhcﬂuuwuvu-ymﬂror-lhphuqﬂmqm
utom:typedvmchthmughwh,chth:dxﬂmtq)hmpa:aiuimnnwﬁl
Tbnvrrylowrwuvery[nahno{th“p?mh;-mncdmmdnrctbclbm
nfdgmﬁmmpuﬁxdonoﬂuge-ulﬂ;auwumm\mlmdanborh\mdﬂ
contral condibons and during vasdilater simulstion.

Drorrex (1954) mng&cmma@}muumﬂmmnbdm@d’mﬂm
an the wolated gastroenemus muscle of the deg, found & cons:dmblyhieh:_
recovery fraction of intra-artermlly injected micrompheres 17.5 per T: -
20u, 43 per cent of 304, and llpu'cmtofw/“ph:ru.Hewum .
ddMC\h:Lhcrtbcrdmvdymghr:mvﬁyﬁ:mmeﬂmm
atr ble to perfimed arter of relatrvely smal
large capillanes, of to great dotensibihity ofclpiﬂanuinl}mrth'mtp":;;’t
ﬁum’ﬂtqmbhhwdhuvplncybcmrcnmxnﬂlﬂumdlbuﬂfm‘n
be due to apeaics differences.
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The vesults of Hruax of ol (1959) mdicated that the increased blood flow
:ﬂdtcdbywmuhﬂonu(lhcn:odmmrp-thw:ymlghtlnuthmughm
nutribenal vemels, ance the twue ¢ of tve lodide r
changui.Om&ndmgndonﬁprcdudcd:poﬁﬂﬂltylhtthcinﬂtucdblood
flow traversed 1tonal arter tonal shunts™
lhcymcrrlyn.mutl}nnhcamxrofmchlhunummﬂcrdnnmp Such
artenovenous of small di: and short length, and hence
of low remstance, have been reported in skeletal munscle by Zwxraau (1937)
According to Sauxpzes (1957} arteriovenomn shunts of large caliber occur 1n the
wascular bed of human skelctal muoscle, The maln question b, however whether
soch shumty are of any qusntitatrve ugmficance. To judge from our results they
are quantitatively neghgible, at least under resting”™ conditions and during
vyoodilator nerve activity

The mum of thn study was to ascertain whether the increase in mroscular blood
flow eiclted by stirmulation of the vasodilator pathway pames through arterio-
yenous communicatons of large abiber (greater than 20u) Our observations
on the skmned hind Iimb preparations afford no cvidence of the opeung of
large arteriovenows channeks during asodilator nerve stmlation.

Thas faveatigation was mpported by grant from Karofeska Instinuset.

Raerpioe (Serpedm B) was gencromty suppbed by AB Pharmacas, Uppeala, Sweden,
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Electrieal Signs of the Relation between Candate
Nucleus and Cerebral Cortex in Cats’

By
Aoz Momreror Laomaey
Recched 15 May 1961

Abstract

Lavems, A. Mosruor Elxtrcal signs ff the robatwn befeon crmbsts
macfews and crredral cortax in cats Acta phymol. scaand. 1961 53 218—7%2.
—~— Cortico-camsdate and cxrudato-cnrtical relatiombdps were

the we of & 14-Jead maltitead

A, Cowdets strwmlotsn and rocording from the carls

n Awtmmldnlcdhtbnwcbymnmmd‘lhﬂumdm
wat spread (o the cortex by vohume condoction.

2) Potewtals arinng in the cortex in respocac to skngle thock sdmalt-
tion of the caudate were pot foond. eficited from the ko

3; Cortreal recruiting responses were only termal
capuul- and the thalapns and from frmge of thsue of the bead of the
caudate bordering on thee rocnoes

S;rudd'amcm[rc:nlhccmnmaﬂymtdmmnhﬂngdcﬂmdﬂb
1hought to explam the cantrary raulu of otber  uthoa.
B. Cortucal strmudatren and rececding from the candete

1) No gross respocee could be elicited m the candate by simulation

of the cortex.
2) Swyl \mis n the candat responded 1 single shock stimaiaoe
of the rpmlateral motor cartex.

These resalts coafirm cortxo-catxdas  comprction, bt mabe eves
ndirert candaip-cortical connectons

Ap'cﬁmhlryrfptn‘—w\::nldnm)luimn‘lmi 166—167
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There b abundant anatomical evsdence of cortico-striate connections (Ma-
mrroo 1895 Rauox v Cajar 1909—1911 Apaowsxe 1923 Kamrva 1936,
Hanmawa 1936 Gers 194) In wath ths evids cor
connechon were found by the method of strychmne netronography in macaque
(Dumzx pr Baroorr and McCorrocs 1938, Dusex pe Bamrexwe, Gawor
and McCutrocn 1942) and chimpanzee (Gamor and McCoirock 1944)
These fmdings have bern confirmed 1n the cat (Arsz Frmann Oswarpo-
Cacz and Rocaa Mmaxna 1960 a) and m addibon clectrical sturmlation of
the cortex was foond to cvoke grom responscs (ALsr Frmarp o of. 1960 a)
and respames of ungle cells (Arer Fesmanp ¢ oL 1960 b) 1n the head of the
candate,

On the other hand, with the exception of ope report (HARMAN «f ol. 1954)
there » no anatormmucal evidence of direct candate-cortieal connectam (Vo-
xana 1960) nor were such connections foand by stryckmine newronography
(Dowmxe. ox Bameane and McCuorrocs 1938) It has been reported that cortical
spondle bursts may be cliated by sunrulanon of the head of the candate in cat
(Juwe ad Téeemo 1950 Seneamoro and Vimzeawo 1954 Ussaca 1959
Wex o of 1960) This rexponse was abolnhed by destruction of the diffiuse
thalamc projechion system (Srmzavoro and Verreaxo 1854) a finding con-
tistent with th  anatomical evidence (Raxsox, Ramox and Ramar 1941
Parez 1942, Wooosua, Caosry and MoCorren 1946, GLEES 1945 Jomaox
and Corarwrr 1939) if the nucleus ventralis antenor and latcrale were in-
dmiuiindmlumn.Ccrda]mmdngru;mﬂ(Dnmvmde
1942) were foemd to be eficited from the head of the cxudate (Apuosx 3augay
and Dowosrn 1958 Srovrrr and Traruoro 1954 Wircx ¢ o 1960) but in
this case too, a direct caudate-cortical pathway seemed to be excluded When
coctieal seczure activity was inhibited by mngle shocks to the candate (U
RACH 1959) the effect was thought to be medited by the intral hal
nucld, Purrura, Hamxriaw and Groxormst (1958) and Wirek of of (1960)
Teparted shart latericy potentuh in percruciate cortex of cat evoked by stimali

2ppled to the hesd of the caudate, mdicating direct cavdate-cortical path-
Wy,

I am repoctmg & study in which coctico-candate and caudate-cortical rels
tomships were explored unng electneal sumuli and recording with gros and
mlero-electrodes, The difference 1n methbod from previows studas consisted in
the ue of a nmalulead electrode (BoamrmiaL, Gouip and Rotrxrarcx 1957)
allowmg well defined changes m the nt of recocding and of strmulation and
evaleation of the extent o which strocturcs other than the caudate were stum-
ulated and might ba ¢ been rapoauble for the effecty.
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BocrTHAL, Guro and Romrarcx {1937) For we n the ®
contarned 14 platium eacs each 0.1 man s dismeter distmbuted aloog 3 o o *
nlmlcnu.m\unnuhmthcxt:mﬂdhmdﬂdlmm.mdhmmbtmﬂ*
ummd.djmtlad:wa4mmmd:mudewﬁﬂ meried b
mmmwhmmﬁamwu-murmmdphmdm

tign was chosm 10 2 (0 make
Tom}nnnmetbcdm‘npmdwadbym dectrod and to ks ¢ pasfbl
}upcdmnﬂ\cr\beuq;ulmml.m}ytmc wn bram, Sl ¢
nppﬂcd'.hrm‘hdlﬂ'q’mtpmduﬂucmhdx oy
For compareon the catcat nucleys and adjacent were explored
0.7 mm 1n dames

the followmg stinmlating eleritodes ) Coocentric electrode,
wih ccnuﬂbdmgd\'lmdlmtlw“. h)Epd.l-\‘ckaJ’v-k.
wth two 100 x 140 g lencng off areas- dntance between
waa 0.5 mm. )wawdgncdncdqummwd
mmudhqmrvdﬂ:ﬂ.’nmmbucd-nhcpdmciup-
Tom}uctmd-nlh:munguln'muﬂnf&lwlmdmnﬂnm-w“‘d‘“
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1955)mdwuhncmdmdnundmwwshlheﬂp°ﬁdm"“

atersd sfaos. rresl
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s

\;ﬂ;guhmhnymm_'wmdwmmnw

slver ball dectroda resting on the pie. The common indifferent electrode was &
screw in the akndl over th frontal eowm, Before  response w s recorded the indifferent

was recorded. ) To stdy the distmbution of evoked changes m the dectro-
sitver

smn.

When recording wis from the pia the dorso-lateral miface of the cortex was cxposed
Blaterally mod covercd with  pool of mincral oll. The tenrperature was meenmed with
a thametor m contxct with the cortex and maintmed ot 57° C.

BRayreéing apparatyr. The ehectrococticogram was recorded with 6 chanmels of an efectro-
encepialograph. Evoked ropomcs recorded with grom clectrodes were amplifcd via
dificrential amplifier (GoLD) with Frequency rexponse of 3 db dosn at 10,000 and
1 cAec. The sigmal from the mbcrodectrode wm led through  cathode follower 1o the
fame amplific The cathode fallower added 2 gaF to the capacity of the elevtrode
nd {opat cable. The frequancy rapoose cxvphay ed w1 3 db down at 10 000 and 100 cpe.

diplryed on a two-ben T croked grom respormes from

Pootancom acthvity 5 to 13 tracas were spermmposed oo the photogra; The

Pcwranco of  recrulting rapoose m thh type of recortog fs shown fn Fig. 1 B. Ukt

TOpanees were recorded using single mmecpe trggered smulawr

Deterscnats of clactrods paastwns. T determme the ut of the multlesd

tve 1o macrascopic stractures the beads were perfused electrode fx . The
comired of 5 per cent formalm solution with 3 per cent

3 perperation.
Peronal comeemmicanon,
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o
Flftemn sup
twerhaid for cortical afferenty at Lhee, Cofunt
2 bctwtﬂbd-l-dwl:i
T Tom AT and 1213 el Dol espicmt, Sy
local @m‘hﬁ;
Lrror 1oaages
and cootralsteral recordy rexponscs to stemuation dx:n:ﬁm etbarw i b
sent. CA Commumans anterlor mwmncumw&'ﬁm#
Results
A. Cowdats stomxletion and recording from cortss
1 Sogle shack ssesleter
Multrleod dlectrods inserted throgh the cevdats xucleas ond edpacrnt stracharts Whetber
to the caudate did

the animal was ancsthetized or not smgle pubscs delrvered
mzcvokccorumlpotmu;hmﬂcudnmﬂlafthenmnﬂwm
ﬁmumhtlhrulﬂdbrmu]rupmtommuuddnutdmtheimund
capaule (Fig 2) Thmneofahepoxcndllwhlchwucmkcd&omlhﬁ
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past of the candate by pultes exceeding this strength (Fig 2 column B, leads
59) was not gteated in the cottex as it was not altered in any respect by loesl
corteend ancuthesis or sblston That it was eliczted from the caudate nucleas
uudsnnmunmdwm:&amntmmﬂdthchrxupanofﬂmnm
through * small P bolished the p The ythat
mlbmrprudbywlmcmduwonﬁumﬂxm:dsumﬂmcmam
shape of thrs potential depended on the site of rerording On the spailatesal
betmaphere (Fig 2, upper of cach recoed peir) the resporse had 8 lateney of
10 moee and connsted of & powtyve deflertion Sollowed by a fonger Iaxting nega~
thve phate. On the contralatera] hembphere (Fig 2, lower of each recoed padt)
the thape of the potential was the murvor wnage of tins. The amphiude of the
reapocse decreased as the recording dltes were moved oceptally

By stumulanon of pomnts sdacent to the caudste cortioal potentials were
elxcited whsch drappeared after Jocal coriieal anesthesds or ablation and nwst
thet be comidered to arme in the cortex tell Summisnon of cortcal afferents
in the internal capsnle evoked a diphasic resporse with the fint phase pow-
e in the ipsiistern! serorimntor cortex (Fig. 2, column A, leads 13 columm
B leads 1-3) Sumrulation of the corpin callosum prodoced a response (Fig,
28 lcads 8-13) which could be dentified by i bilaseral, symmetnaad oo
currence, Ity change from an exddy pontive defiecton 10 a diphase, pogore
negatve potentl, when the strength of stimulaton wes meressed & in agree
went with the desenption grven by Ciaxo (1933 Fig 4 records J—R)

Bupelar dactrode wind for explovatson [ the cxmdets wuclnes. Sthoulsung through
the bipolar electrode the corucel potenual due to volume  canduction
from the caodste was abeens, posibly becanmw the stunulating lesds at the
up of the electrode were ™ot onemted properly 1 relaton o the ventricolar
surfuce of the caudase.

Concentruc clmtrade wsed for oxplirstion of e conda wucins. Stumulation
of the candate evoked corteal potentmds whose latency shape and amplitade
depended on the locavon of th electrode and the trength of sumutation. o
Allempt was made to analyss these potentials becamse the extent to which they
were elicited by cusrent spread to other structures was difficult to evaloate.

2 Repetrirre stimelntion «f sies of I—15s0

Aluitiond clectrade st gk the combete xaciexs amd adacemt structures

£} W ih leads In the cavdate, secrwtng potsnnals were seen in pulaters)
fortex when the Jead pe 1 were m the head of the candate mmedistaly sdjacent
%o the mternal capnule (Fig 2, lead paury 12 and 23 upper of the record
pasr) Corucal ecrusung respomes wer  abent when stmolaton was carried
;:l!ﬂnm:ghbdpunnlulﬁimx}n ext of the candate explored {Fig 2
3}

115 W th leads in the thalamm, conuting reponses were evoked fn U coriex
(Fig. 3 Fig ¢ W th tead pamni nea the redline (F g 3 fead paun 1--2) the



system
to oppoute the rostral pale of the caudate (Fig 3)

) With lead puns m zhemtam]upﬂdc.rcamungmpamamnv\-d
11 ipslateral cortex (Fig 3)
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tpocaes with dufferent Iatencus were qoked i the cortex, From a rostral srex.
m the mternal eapeule responses were evaked with smmuhs poek tme of 7
-

N
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IOmstc.Frumlmmcauhl}ymmtedmwcxhppmgmtbthc&m
responscs were evaked wath sumulus poak times of 16—2] mmec,

Thcapummnmmu]usﬁ-:qumcymmmforbothgmupsurmw
rupoma.ltwnlmmrmmcﬂh:nmddnnhumn&hmtcdmimh(m
pare Fig 2mthPxx:.de4)undoﬂmdu:mcduduuq:u-ﬁmmIm
incrensed.

Bipoler clectrods Expenments in which thn stmulating ehectrode was med
for exploration of the head of the caudate and adjacent structures gave the
same results as those ob: d wnth the multilead ¢l d

Comcrairic dactrede. In contrast to the resuls obtamed with the multlead and
bipolar ckectrodet, sumulation through the concentric clectrode evoked cortical
recrusting responses from the head of the caudate as well a1 from the wternel
caprule and thalamun, More spread of current from the concentrac lectrode
was awumed to be the reawon for the contrasting results and an astempt war
made to measure threbolds for cortical recruiting responses becawse thoe
were expected to be higher in the candate than i the interna] caprule asd
thalamur. However the thresholds vaned so mueh that no significant dif
ference could be ascertained.

B. Cewdeie stroxlatron and recording from covtes combraed suik reteceler stoomelaom
Cortleal d h cvoked by lathon of the thalie et
uler formation o charactenzed by diffine cortical facilitaton a3 shown by the
incresse of the evoked potential recorded 1 the cortical receving 4T when
:mmulwblpphuitothemtupmdmgm:hmmrdaynnchﬂ[hm
and Sroures 1959) Tha b the case 1 pate of the fact that cortrcal recrriting
responses (Moxuzxt ant Magoun 1949) ax well as periphenally evoked serss?
mpomu.nthtoma(GAUﬂm,Punnndluwﬂmlgﬁ)mW
dunng arousal

The posibility that cortical rep to cawdate wmﬂd‘PPCL‘;
oaly dunng arousal was investigated by cxploring the head of the caudate !
nngicnhnchmdnlowrcpcnﬁvemuhumdcﬂmcdthmqhdtm
dcmodqwﬁﬂemﬂmpummﬂemrwdpdmwﬁmrdﬂ‘m
Cortical arousal was d by sturmul of the ph uliﬂﬂ”)
forunumntZOO[scchamalmpomum[ound(Hg4lﬂd’6’m
Rmmrﬂm:bdtcdﬁ'mllhetbthmlndrcmrdcdbdm’“-
dectrodes restng on the pea exhiblted chages m ihape dunpg arowal o
o to the expected redaction 1 ampbiude (Fig. 4 Jeads 1~€) o sasfr=
of the mechanm of this phenomenon was made.

C. Cortal stirmlation and recording frvee the besd of the caxdets

1 Grus respasw Lot
The dorsolateral ﬂnﬁcuof‘hchmnpha—amﬂl’l‘“d'h’h‘k b0

hgdxuodemgﬁrqumauﬁummknmuﬁmthIJ”‘
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20 4ec and strengths up 1o 20V wbikm:mpuwucmdcmdawmdmml
W.:mmmm&mmwmummm@w
mh:ammxmmdmmwuwuvcmmmnummm
fngs of Auma-Frsaxn of o {1960 ») Thcdncxcpancrmybcducmﬂn
-ynmnczmbyzhoc-utbwdnkanchcintauhbnmxﬁmnhm

mcnhzmcdm&dﬂcn}oanndmwmncimmﬁmmmhcthcd

1. Uit repasses
‘twucouﬁ:mcdthudngkumt!(n\}thdc‘lheaudammpondm
mgicﬁnckunmhﬁnn(ﬂmawcmmnk)dm:ipﬂnuﬂmmmm
(Arax-Frmaxo o of 19600) in hetized cats. L b comstant
bmns}mab:w::hmcmqmmdmpmduccmwmt (s determined
Pperor to curansaton) one oc two spikes occurred the first with a latency of
mxsm«smmmmmmmmm
explored,

Arsr-Fxmaso o ol (l%‘)l)kundvcrydxxthm:dﬂfwandltcgm
repomes chlted from pﬂn:nlmmormuuﬂmf&rﬁlldkmp(m\uy
mhmydmtrmﬁundhrhm-mhun(hn»?mmdd
mb)md:beamwda(xmzingﬂjm)uchnfmmdmd\s

Discussios
Corthico-striate con ed by phy (from
nm&m&z&;mz)mmqumummmmdmm
1958 Dowrx nx Bammoe, Gaxot snd McCouoen 1942) and chimpansee
(Mmumxw}mmmmamem
ﬁmmdmmmmmlmdﬂdmhnda(w
Fomaxe o &l 1960 a, b) and were confirmed from jpilsteral motr cortex
in st stody mmmmmawxamm
mﬂﬂm‘wacmmaﬂymmlgﬂ)md&mm
mmmmmwmmhmdeMmﬂm
cxudate from the motor cortex (ALsx Frsano o o 1960 &) The long latency
of unit expommes found by Ausx Frmaso & o and in this study has been at
tritmted by ber to tranumunon 1 the cavdate.
%mmwmmdwummmh
very doubuful, Recently Vorama {1960) unneg the “aota-Gygex shver awmpeeg
nation techuque found ro degenerauon 1 the cortex. afier kuons 1 the bead
“‘htumhummkmmdaulnu:nndympcmdmmdumm
toked by nngle shocks g TOp ax oxigioally described
Mozson and Drcry (1942)) could be clicted by cleeseal tralation confined
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to the head of the caudate nuclewn. It is true that anly sporadic attempts were
rmade to ehat “spndle tripping” (as originally desenibed by Dexerry and
Momuson (1942)) Fallure to find corticn] revpomses to stimulation of the caudate
was not due to damage produced In it by the multidead clectrode became
fy Cortical responses were obtaned from areas outssde the cavdate where the
damage produced by the multilead electrode way the same. ii) The pegatve
results were confirmed unng & bipolar stmulating electrode of ymall dumeter
udmnvmuomldcdngprudo(cumtfmmt}mmmm}yudmm
dccumiuwmdmughttnuq)hmdmrmdurepavdhyothcu\nmﬂm
Mamaaw and Dizwosrnt 1953 Stooper. and TexzvoLo 1954 Pumpura, Havs-
riaN und Grunorest 1938, Wirek & of. 1960)

Spread of current from the multilead electrode 1 not lesy than from a e

fonal brpolar el de. The advantage of the multilead clectrode n te
well-defined mutual localization of the leads wiuch permits comparison of
citalnlity of diffe 1 1n the bratn without movements of the et

trode. Moving the bipolar electrode through the brain introduces a sourte of
error because the soft and stcky brain tisue may move ajong with the dec-
trode in unpredictable steps.

A rosarvation must be made. Sumulation of the fringe of timue of the hesd
of the caudate bordering on the Intanal capsule and thalamus dad eliclt corti!
recridting respomser. This may indicate current spread within small distancs
even when stimulation was between small eertrodes 0 4 mm apart (multilesd
and bupalar electrodes) Or It may indicate the presence of umspeclfic thalamo-
cortical fibers m the part of the caudate sdfoining the wternal caprue Such
fibers have been shown to sscend in the internal capeule In close pronmity
to the head of the caudate (Namorp Haxpexxr and Orszrwin 1955) and the
border between internal capsule and caudate 1 not sharply demarcated

Smcmmtmﬂnmdyby?uumwmmdcxmf(l%?
b necessary because these authors recorded from the medullary pynmlﬂ!‘L

a measure to detect spread of current to the internal capule. Wd‘“zhe
teral crucate cortex
fourd short latency potentals in the ipulal pen o e, The

unanesthetized cat on angle shock strmulation of the head
pmmﬂahwmimmﬂypouﬁvcunjamﬁpolyphnkord;phas;‘cdkﬁadlf:
uon. Longer latency long P were observed
the lateral gyrus.
Thcwnmldﬂmmtodmutdh?mmddu-mmﬂ
spread of cnrent s insufBoent beeause a) Sprudmmh:inh:mlcnpﬂﬂt .
bcwvulcdbypynmddmnm(mngmiylfﬂtmbdddcaﬂalﬁlﬁﬂ;w
hmth:nntuurhlghﬂthnlhuofd:eﬂ'umtﬁbaLb)fﬂl g
mchaTmlmpﬂﬂc,mmnuﬂmumnndthhmus,mublyfbﬂ“d‘“:m
tralis antenior (Haxarrny and Jasrex 1933) mmwmc‘me‘:ldmhtd
mdcmoduulhcc-udnremy:prc-d.cudung-vuktyo&mpl

cortical responiscs.
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dercdundlmtmnlcmnmdnmtwmoqum-mc
n)Douxhzmudncmﬁmmmluaimty?Andtnuxndm b) By
which sobeorteal relay?

rndtmhwmmlrmmdngmpmmwmmﬁma&adcmmﬂm
mmm(xmx)mmmmmmwuauw
ﬁmﬁmbuddﬁcuﬂnwltnmﬂﬂcmatmwlhmmmgw
mbadidmiimmnmmmdethcaudamfunhachdmmfwandxm
mfloence oo cortesl actsaty s the mppta:km“pmduca‘]!.numua
mdAkdt}:mmkeybymydmlnmumufﬁ)cbaddth:cmduc(m
. Banrrore and MfcCurioow 1938) However the descnipton of thee suppres-
son corresponds uzhumctnd:::prwdmgmmldzprmmdh.\o
{1941) Unmacu (1959) deseribed inhibroon of cortical schrure sctivilty clscited
bymknhochmxhccnuht&ﬁemulnobumtdbyﬁmluﬁumdﬂ
ﬂm!(mhmmmh:medmmuhnngekmndammupmsmm
interelectrode dustance and L currents from 2.5 10 25 mA {spprox-
mdylﬁumhmmwmmwmdm)
b)EmJaﬂdmmﬁummonihemmduncd(ypuofmldmml
manmbk,mmmﬂmm:brmmmmm:mnhk
hypmhdamrmﬁydummrucduudamp«rudpnnmmmd
Jearning (Rosvorn and Drioavo 1956, Rorvorn M and Srwascaany
1958, Birro and RosvoLp 1959 Dxav and Dava 1859 Tuowrox 1939)
mﬂmummadtmmmkmﬂy\'m(lm:md
that candats outfiow & bmited to the globus pafisdus and the substantla nigrs
in eat and monkey (macaque) Swgmhwuldbcrehycdfmmﬂxg&ohnp‘l
Idos to the cortex vis nucleus ventrabs antenoc and lateralis of the thalams
{Parex 12 Guen 1945, oooaurxe, Crossy and McCorren 1946 Jouw-
s and Coxvert 1959 Unmacs 1939) The opuc thalamn was & relay for
dnmnulmpprmmchuwd&mxb:cmdnebrymm&muud
MeCQuirome (1938}

mm«dﬁomzhemxowhmhzhadqxudbywlmm“mm
bﬂlaudu:pmznmhhxvebemrcpmcdprwmﬂybyUm.\m {1959)
and by Puxpeuma

Unacnt found local spndics proseded by @ Voewelle and a Haupe
welle lnmwmcmnng&c;}mhlnlbzuudlmbutf@mmmﬁcncd
m:umwmmmmmmamumhmdmw
vmukuhrmrumofm:audncmdcmknanmgamtpmmxul,
mwwwmmmm

1n conclodimg 1 with to pont out that the caudate 1 clation ta the recruiung
euprme behaves as the cerebial cortex. Recrmung exponses can be evoked in
Both of theac telemcrphabe areas as well s 1 the thalams by stomulanen of
Prrawoal cremmmanionton.

13613013 dets physied. seomd. Vol 33
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the thalamus (VERzEARG, Livmerry and Magowx 1953) but recruinng respones
canpot be evoked by sumul fined to the telencephalon. It may be
ﬁgmﬁ.untmthhconneumthatdmmmphologulmbmunmtorm:mpz
mtbemilhmappantobcprtdammmdyreprﬁcntcdbynmﬂulu
plumvu‘ynmﬂtrwthcpu'lcdluhrp}cx\nuulth:c&ebnlmmwhxh
terminal boutons, ifprua:t,mvcryﬁ:wxnnumbcr(ﬂmm 1919
Gram 1944)

The aubar wishe to thank D Mazcansr Lisowox-Boormar far sdvice aad critichn
during the course of thae experiments The resenrch reported b this doaament bas been made
possibl  through the support and rpomonblp { the U &. Department of Ay throogh b
Earoptan Rescarch Ofice. The work »as furthermore supported by granty from the Fonds-
thors Fund for Research In Prychiatsy New Haven, and the Michacisen Foundation, Copre-
hagen.
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Activation in Cats
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that there m no evidence o suppart the tew that the caudste »  part
of, ov closcly refated w0, the sscendmg reticubar activanag sysem.

The aun of the study presented  this eport was to determine whether the
could be activated by elevtrical shimulation of the bead
of the caudare nuclews in cats.

Previows findings are contradictory Gexextzoer (1941) found that cortical
sctraton-desynchromxaton could be induced from the striatum, Stamrr,
Taviox and Macotn (1951) i & study of the diencephalic extermon of the
reticular actvating rystem, stated that tbe internal capeule ratber than the
basal garglea apperred o be the cxcytable focm. Later imvatigabons (Samia
uoTo and V rrxraxo 1934 STourer and Texxvoro 1934) agreed with Genxar

10rr that electrocortecal aroual could be eticited by sumolaroo of the cardate
auclen.

23
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Inaprcvicmnudynwathmmdutoomalpotmmhwbchhdbcm
m{bcdtoltnnuhumo{theaudnmwminfanchm:d&mmmﬁdt
the cauvdate {Latrszx 1961) Spread of stmolatng current rmght also be s
W‘Hcfmdcmomnnllrmlinduccdﬁmlh:uudnmlmm
a sudy in which multilead lation techmque was wied to deli arem
1 the region of the bead of the caudate from wiich electrocoreal aromal
could be obtaned.

Material and Method

Eleven bealthy mature cats w cighing between 2 and 3 kg were prepared a3 encéphak
bolé ander ether anathema, fv by an open operaton and dx by hrtrspmat Igfernon
of 0.1 10 0.2 m! of tetracaine ar alcohal at the kevel of C. 1 ¥ ounds and presore pasht
were Jocally ancstbetired with tetracame.

Two types of stimulating elertrodes were med
8) A l4dend electrode { Gowp and Rosorarcx 1957) adapted for oee

Boowmaar,
the beain (Laoamry 1961) The dumcter of th electrode was 1 mm, the dlameter of the

cectrod  and the method for determmation of 13 positon have been

(Largrx 1961)
B A tar steel needle electrode was med for Tts dixmeter wm 0.8

cm a1 20 4 and siained with thanme.
Tomimmemmwmdlmdmumeqmdaﬁ:j
mmmmww.mwm(&uﬂmﬂﬂ
R cx 1955) The ! currenn were varkd between 0.2 and

Two typa of rocording were med
-)Tomﬁymcdmm(nm)d‘mrﬂmhﬁm:"“m”';
» svatem with togh roponit diﬁm s

low vohage artefact from 150—200pcc stimolatin High gam

(GooR wth = frequcocy rexpomme down 3 db at 10,000 s e were wed axd 24
signals were displayed on anc beem of mbwnuthodnﬂym
beam bany wed foe marking of the stimuha. The smndmy spots were off b
mmodngﬁ]m.Smmﬂmnnnﬁavn:ﬁminn:dﬁumthcmdbfmwm
tween two siiver ball clectrodes ratmg an the pus in the positons whach were o and
mmhﬁmmwmmmm pool of parsiBne
mamtained at a temperatare of 57° G mmmﬂ,ixnhd:"aj"
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sdjobmy 1t and st by stemudetion terough kad pairs 413 shoated clacwhere b the
CC Gorpas eallowumn, €1 Capaafa frcrom. NG Ninchenm casdaton, Th Thalurmon.

Resmlts

The head of the caudate nuckarn and adpcent structures were explored with
the multilead electrode, makmg only cue wsertion fa each bralo to micmuze

Low voltage, fast actevity was eficsted 10 the EEG during and after 200fsec
Fumulanon through lead pairs ateated in the reticular nucleus of the thatarey
(Fig 1 leads 1—2, 2—3) A lem pronounced cffect was evoked by strmulation
through lead paury stuated in a fange of tovuc of the candate borderiog on the
thalamus (Fig 1 leads 3—+4) and the effect was probably doe to current spread
®© the thalamus, Stimulation through lead pairs dtuaced in the rext of the
caudate did not change the tecp patiern of the EEG (Fig 1 leads 4—13)

When the multilesd dlectrode war mserted in a frontal plane wo that the
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region 1o the internal caprule (Fiy 2 leads 7—8, 8—9) Throhold sdmulaten
) (approxumately 0 3 mA) aroused the EEG 1n the spulateral pencrutiate region-
! W th prog ly increanng lus intemsity abwo the contralateral peram
aate regron and the rest of the cortex were actvated
The failure to find electrocortical arpua) durng susmulston of the besd
ofdrcclwdatemnmducrodnm:gtpoduccdmhbydnm\ﬂﬂnﬁw
1) Electrocornea! srousal was eliated from the thalamus, where the demage
produced by the clectrode was the same as in the caudate 1) The atnence o
electrocortical arounal »ucocd'bmaﬂwhmlumpohrmedkdmﬂdf“”
wsed to sumulaic the cavdate, This dectrode inflicted a gumimim of damage
due to the tmall volume of 1 pointed up. Sumulabon of the reticular nuck
of the thalamus through tha clectrode thrcited diffuse, bilateral electrocartea!
arousal (Fig 3 A) Snnmhuou[nmec:m.crohhcaud:runbcnmumﬂlfh
.ndntn-mmupwdmumaummmbddmdmxh:ﬁuhm“”

evoke electrocortical grousal (Fig 3 B)
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T 3. Lhw of dactracorticnl arsesel (5) during and aficr stmemlation of e condatd Seroryh  swpeler
[ cncdphate ¢ Exiradura), auipolar recordmg Revordmg shows
Icft, elmation i Incheated, by black spots i the to the nght. The inwcrraption

in the middlie of the records ndicasa an laterval of 15 sce. (10 scc of stimulsnon with | mmee
s a1 150w et 8 s ko recvery of tho overionded ammplifier) Sumubm ey 1.3

tvity prod after L of the thal and the part of th caudate
adjoining 1t could no longer be chated immedistely afier the intra -enoes m-
Jection of mrall doses of nembutal (7.5 mag/fkg)

Disccssion

The ascending reticular  ctivaung system (Moxuzzt and Magoox 1949)
€an be defined as the mbcortical regions from which electrocortical arouml
on be induced by electrical sumulation excluding the clasical semory systema,
The findings presented in this study show that the caudate nuckus b ot &
PATt of this system. Ths is 1n mgreament w th th results of STARZL of «f (1951)
but contrary to the resuls of ther uthors (GERERTZOFF 1941 Smnoavoro
and Voaazawo 1954 Srovrer nd Trxzioio (19%4) and inconsistent wath
the view recently expremed by Juxo nd Hasiza (1960 p 919) that the higher
Sxtapyramidal conters and the nomspeatfic  uvation syrtem™ are closcly
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related. Fallure to find electrocortical arousal dunng stimulatron of the cavdate
nucleut extends previous findings (Lavksmy [961) that the caudate has no
influence on cortical electnical actrty

The electrocortical arousal response ascribed to stimulason of the head of
the caudate nuelews was thought to be meduated by a subcortieal relay (Stoures
and Trrruoro 1954) more speafically the intralaminar thal nucld, be-
cause lenons here abolohed the reaponse (SmmAsoro and Verzeawo 1954)
The alternative explanation emerging from the findings presented bere m, that
it was wn fact spread of sumulating current from the eaudate to the thalamm
which eliated the electrocortical arousal responsc.

‘The author wishcs to thank Dr Afaxoanrr Loosr-BooiTear for advier exd aitices
chrmg the course of them experiments. The restarch reported n thds document bt been meds
powible through the support and spoasorshlp of the U 8. Department of Aoty through b
European Rescarch Office. The work was furthermore muppocked by graots from the Fouds-
too?” Fund for Research in Prychiatry New Haven, and the Michachen Foundatin, Coper-

bagen,

References

Doarmus, P Q. Guio and P Roeaoascx, Propegaton vekoclty of dectrially actiiel
mrimcle fibers b man. Ao Mpel oemd. 1935, 84 7589
Bocmraas, F € Guwo and P Romsrarck, Multlelotrode study of the territory of - momr
unit. Ao piyriel. scoed, 1937 39, B3—104
G M. A Coutribution & la Logic du cope erlé dxk bt Piein 1ML 3
In—s il
Juwu.Rde.Hmn,Tb:mBnlmmM#ﬂvw]m
Clapter XXXV p. 863917 Awwwen Phrmeiopwal Secuy Wadhingion, D G
umAmwmammmmmmamw
in cate Ak Ml xawd. 1961 53 218292,
Massmars, W H., An appleation { the fromen, sectioning tchnk for cutting sersl eecsest
through the batn. S Tecksel 1940 11 133138
Moswzm, G and H. W Mm&-hnmndmhrhmmud.m‘vﬂhﬂoﬂkm
L Nesraphpral, 1949, 1 455473,
Sscuamorms T and M. Yrazzams, Relation betmoea canchite and diftucy projectoaf (53
nodeL 7 Veowapeed 1954 17 1785188
Srasa, T E C. W Tavromand H. W mem.ﬂ-hmm:ﬂﬂ"
mmﬂhpccﬁlrcﬁmmmdmrﬂnhﬂ-]kaqﬁbﬂil”)_gu s
Stourzs, N and C. Trazvoto, Piude der commemons ot de fa phymologie dis 507
Acke semrel, prxchia. belg 1954 55 759248




Acta physiol. scand. 1961 53. 739246
From the Geratric Depar e ket Stockholm, Swedom

Heparin and Thrombocytopenia in Experimental
Burn Infuries
By
St-Arxx JoRAXmON
Revehved 20 May 19651

Abstract
Josaxmon, $ A, -l e s
ijarisx. Acta phyviol. scand. 1961 5% 239—246. — In axpenmental
burns a decresse m the with an
decrease (5-HT) in whole blood

polyclectrolyte,
relense 5-HT and prevents the cosct of  iramsbent fopravesculer
coagulacion during burn mjuncs.

Burn injurses in rabbety are accompanted by a decrease 1n the mumber of
dreulatng platelets with an ensumy release of S-hydroxytryptamine (S-HT
scrotonm)  (Jouarmax 1960 a) In anaphylactc reactiors the decrease m
Phtelet count &5 prevented If heparin b given prophylactically before the shock
doxe (Jorawmax 1960 b) Survival umes of burned dogs treated with hepanin
b prolonged in comparisen to those of untreated dogs (Eimoo ct al 1951

of bieparin in barn Injurses pothmg b known.
The parpose of the present imvestigaton 5 to study whether heparin prevents
&tdc:rcuelnphxdctcountmdmhxbmtb:rdaxds—mmbmnlq}ndcx

Metbods

Rabbits of both sexes weighmy 2.5 3.0 kf were usd in these expenments. The
anfmale (inchdlog control) were anesthetized with nembutal (20 mg/kg) Aboat 20 per
Cent deep third degres burts wero produced with bot water (63 C) in 2 min on 20
haved animaly. Ten animals recerved 30 mg beparia Vit contalning 102 L u. per
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Tabk L Platcket cnals i themsands per cx. wam before and it intervals aficr bt expromontal
o wpry

Ustrawedaximals Before the  Mimrwes after the barn ] jury
‘barn fnjary

L L 120 240 360
Rablit 1 218 250 ™0 1 -
Rabbir 2 130 160 0 - -
Rabbh 3 ns 3 0 m 55 340
Rabbit 4 m 75 205 270 243
Tabixt 3 180 193 140 - -
Heparin treated Befors the  hfinutes after the born Lajury

b infory g @ 1 40 360
Rabim € 360 310 mw 20 0 E-11
Rabhit 7 340 318 330 315 s 20
Rabbir & U0 300 0 303 00 00
Rabbir 9 310 300 HEY %0 203 05
Rabbit 10 200 0 00 265 235 m0
Man vl with sandard deviabon of 50 plasciet counts from 3 rabbits anathetieed with

Dembonal 310 + 185

Regults

The concentratons of 5-HT and the platelet counts 1n rabbat blood before
and at Intervals after the burn ijary are shown in Fig 1and 2. In experimental
barns there occun & decrense in the toral amount of 5-HT i rabbit blood due
 a dimmutlon in the number of crculating platckets (Table I) The platelets
bowerer retum to pormal leveh wathin 6 bours, but the decrease in the 5-HT
content of blood parsoted for at least 12 hour In plateder defickent plasma,
howerer no detectable amaumt of 3-HT was detected.

In those anfmals which had been pretreated wath heparin the burn myury
“as accompanied by no decrease or only a shght decrease m the pumber of
_}‘fluhlkhﬁng platelets and in the 5HT content of whole blood (Fig 1—2,

n

The amomnt of 3-HT m intestines was hugh and becawe of the wade nocmal
varlation a release of the amine from the intestnes would be dificult to detect.
Asalyses from 3 rumaly ome hour after the burn Injury gave values withm the
Dol range. An elevation of the 5-HT level In the lung was observed 90 min
After the barn inpary (Table 1T) In 3 burned animah treated with heparin no

incresse in the $-HT content was detected. Three of the unheparm
bred rabbits died within 6 hours whil none of the hepannired antmals died
wlihin thh penod (T ble 11T)
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TMI’M.{S—H‘T&M&:MHM‘HW'& b bore
mmﬁ-aﬁn&(ﬂquﬂp&wﬁ-ﬂjuﬂf»ﬂbgﬂ-lﬁ;
ﬂmb“ﬂnﬁ“dwmmh)(»‘lﬂmuﬂm}

Controls 90 sun alfier tho barn kfery
Untreare Heparia tresed
Number of anfrom (s 5 3 s
Trtertine 112 [ ST -1
Ling 24403 3atas 16462
Whole blood s 2 p2)

Tebis Il Th surtxoul time of beparwn troated ong pnirouis!
mals gfitr opomoxtel bars iiyrics

Namber of  Anmak live afler

6 howrt 10 houns

Untrented 3 ) 1
Heparin treated H 5 4

Tabls IV The anii-theombic ttrs in sconds bifore o4 8 nsrvols ofier the burn whay fom 5
omiremiod mrimals

Besors the | Micnweies afler the barn infory The acjod
bum ied sy
) @ 120 2] 30
Rablit 1 ° 1z ™ 1) 2 B idiing
Rabixt 2 36 52 02 1 - - 1Wmha
Rabbit 3 % 180 54 23 120 8 Al
Ten hows
Rabhit 4 » % 9 120 102 & M
Rabbet § 37 1o 100 1s - ~ Dem

Tabls V. The chaguistion tome befors and & wierials gfter the bers iajary
Rablat Before the | Minutes afeer the tarn mjwy

»Y [y bl —
1 o >% z
2 413 735 118 1630 N
s 5 613 129 R et
+ s &5 P2 Cad W >R >¥
N [P B - Cd - g

15 1013
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Sec néy
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infary In

nhiglnhnh}w’ o

a i i ) 4 H & Haws

To stady whether the anumalt reloase heparin to the blood after the burn
wfary the ant-th in titre vas ined In 5 unhep d amomab.
The results arc given in Table IV This study ahows that an anth-thromble
sabstance, probably heparin, b released in large amounts m the first bours
after the buen Infury The activity of the anti-thrambic substance corresponds
to between ome and two L . beparin per ml whole blood. The cosgulation
thme from unheparinized ammals are shown in Table V

Within 30 min of the burn injury there was a prolongation of the coaguls-
ten tume and this prolongation pernsted in the four anunal which dled within
7 hours of the burn injury

Discussion

Anmcrunnglmountofmtamhubcmduphycdmrmcnﬂnlh:mlcof
Platelets 1n blood clottng and hemastasts. They supply ageats active In both

circulating in the blood s bound to the platelets (Huxeny and Jagues 1934)
Derp venous t and pal ry Erm are rather common com-
Mications of burn Injuncs (ALLodwss and SmornT 1939) A decrease in
Platelet pumber has been noted in man as early as & few howrs after the burn
scadent (AMac Dowarp et al. 1943) and thus srudy confirms this finding

After burning there occurs delayed cosinophilia, which mught result from
®nttisaton following the absorpton of altered proteins in the burned arca
(Szwrrr 1951) Frnreov (1956 and 1959) bolds that the body is flooded with
antigen derived from the burned skin and that this & responsible for part of
the burn syndrome a3 & rerult of an autofmmunsanon reaction.
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Innbbiuﬁmuamrhddmﬂnudonlnﬂ:edrmhdngnnmbuo{phtﬂm
ufmbmm-ﬁathcbmmjurymmdw.mhm"w
blood concentration of 5-HT Because of the rapid metabolitm of Hherated
3-HT (Jonammon 1960 b) m decrease in the number of crculaung plateles
thus produces a corresponding drop in the 5-HT content of the blood.

To study whether 3-HT o released from other sources than platdets the
content of the amin In intestines and Jung teues was determined No change
in the content of $-HT in Intestines could be detected, An increase m the 5-HT
concentration 1 lung tiwues was however found probably due to increased
amounts of platelets in ths omue.

Avpaxorr in 1876 reported that blood of burned animals was taxle to other
animals Toxic substance from the burned skin or the blood are alleged to
produce illnes and even death. The experimental findings and the number sod
vaniety of sub proposed are voluminous but conflicting Nevertheless
vanous mbstances are undoubtedly refessed or newly formed after burn -
juner (Sztwrrr 1957 Arrabwrm and Smomwr 1957) Experimennlly it »
mportant to establnh whether in-vivo inhibition of the formation or the relae
ofmchmllnncuanrtduct}hcocdmmdbcmcﬁﬂmtheuﬂm!d
burn inumes.

Burn injumes are nearly always followed by oedema, although Gttle i known
about 1ts exact mode of formaton. It 1 interesting to note, however that smb-
cutancous administration of 5HT causs a marked Increase in caplllary
pormeability (Rowiey and Bexpitr 1956) The local oedema prodocmg
effect of subcutancous mpections of protein or dextran in rats is fhibited i the
anumah have been pretreated with the 5-HT Hberating substance, reerpid
(WmT 1957) 5-HT also increases the permeability of the beet root c=ll
membrane to water-soluble pygments (Procuxs asd Surarre 1955) Aleng
sdrmilar Hines Piccres (1956) found that pretreatment of erythrocytes with 5-HT
accelerates therr yubsequent hypotonic hemolysts. 5-HT thus scems to produee
alterations in the permeability of the cell membrane.

The released amounts of 5-HT m rabbit blood after experimental bum 1
jm-lummomummmeduthifm}ccwdlnmwmlylnmnbuub;'
mnydmemnmhxdngqmpwmwmchappurngh:bcp'odwrdhr
HT
Ewsop MaCx_l'.!.nrlndlh.l.l.(1951)fc-u::»dr.l-ulllc}:1
dogs treated with heparin was twice that of untread
d;s:lhccﬂ'ectwuducmlmpmvtdrmllﬁumuonlndlmmdw
fluid.

The present study shows that an aat-thromble substance, probably hEP"n“E“"
nwmmmmmmjmu.-mmzmnmybeﬂtg:;w
prolonged coagulation time meanirements. In two rabbits, however e 3
mmwdwmﬁuumm-wm““w?nwt%
amount of anti-thrambic substance. It i1 interesting to notc that the
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the higheyt platelet count throughout, had the highest ant-thrombic titre
and was the only untreated animal to nrvve.

As © the mechanitm of the protective action of heparm in burn Injmmes
nothing iy known. In an earlier study 1t has been shovn that heparm has po or
very fittle ability to comblne with %HT at a2 pH and a mlt concentration
corresponding to that m blood (Jomamox 1960 b) Heparin thus probahly
docy 1ot act in blood by lunding released 3-HT Thrembocytopenuc blood can
be kept fhsd for hours by the addition of a very small amount of beparin (Avuoe
ctal 1947) Whether the platelcts abnorb hepann on ther surface or not i not
Inown. Hepann, however produces & marked marease m the negatiee charge
of plattleny in aitrate buffer (Ros and Esrxr 1939) The and-thrombic effect
of heparm is well known A pomiblo role of heparm m burn Inguries would
therefoce be to prevent the omet of intravascular coagulaton. This stody shows
that larg amounts of an anti-thrombic sak probably hepann, i released
into rabbut plagm dunng bum lojurics. Preliminary resuls from other in-
voutigations have shown that protrombin proconvertin and fibrinogen are
decreased after the burn myury (JorArmox 1961) Trannent intravascular
coagulation after burn inguries mught thea bo responsible fu partof the appearing
shock symyptomns and death {n burn infone. Heparin thus may have a protective
#chon m burn injunes by tn direct ction on platelety and ity influence on
different humaral coagulation factors.
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Modifications of the Febrile Response
to Pyrogen by Hypothalamic Heating and Cooling
in the Unanesthetized Dog
By

H.T Avozzszx H T HuooarandJ D Hamoy
Recched Aay 26 1961

Abstract

Amoarr, HL T H. T Huorr, sod J D Hanor  Vedjfcetear
o e fobrs reypeast o pyropen by iypahalamec keatrng amd coeling o tat wn-
emssthativod dog Acta physiol scand. 1961 35 24725+ — Experi-

addianal

r.-u.ﬂyrmnm:dul.hcch ted level for 3 bours or more. Heatlng
of the by 1) atter
limdmi)nhknbcrc\trdndoptd-nds)nbcntbtfcwr

thosc obtaned with the seme t Dormal
were elicmed. In the oxpermncnts m which the pyrogemc
was enbanced by hypothatamic “hyperferer  wm produced.

Freseat addrem Depmrtment of Pywology Kungl \ ctenatshogioln, Stockholm 51 Sweden.
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Tbcﬂlclndmodcofmchanofbnczmalpymgmsrcmin-qmnn{
connderable controversy although much work on the problem bas been per
formed by several workens,

F:vmh}duwdbytbeld.unnmﬂano[pymguﬂcmbuxmuinwlwbothm
knhfbldonofthzmochanmmmh!u'vinghenhs,uuilmmuhmunﬂhx
regulating heat production (Panx and Paraes 1948, Tnoursos 1959)

Lrsrasrnrex (1875) suggested that fever {s camed by an upward displace-
ment of the “sct pont temperature at which the centers controlling body
temperature regulate. This rescttng hypothesis was adopted and developed
further by Do Boms (1941)

Criasmens o of. (1949) studied the febrile response to bacterial pyrogensin
normal cats and dogs, as well as in preparations with different leskm bn the
central nervous system. They found that decorticaton, and thalamie and
caudal hypothalamie lesons did not prevent the febrils response, wheron
decerebrate preparations with most of the mudbeadn intact falled to show soch
an effect. Grant (1949) found no evidence that p ) inflnencs

the hypothalami p o regulati Ca:tu'l.nﬂcmgxmtdﬂ:ﬂt!.bm
acton 1 one of interference with motor mechanisms of the lower levels of the
brun stem.,

HaLL et ol (1951} stated planly that the actson of bactenal pyrogems s not 2
resettmg of the primary thermoregulatory centen of the hypothalamm, bat
that the thermostatic desturbances observed are ellated from a general Inter
ference of these subta on the Ic functl led by the brain
stem. Tromrson (1959) on the other hand, showed very convinangly that
dogs In which the grey matter of the posterror hypothalamus had been com-
pletely extirpated, were unable to develop & response to bacterial v

Further informaton on the site of acton of the bactenal pyrogens »
probably be derived if their acton could be counteracted or enhanced by
respectds beatung or cooling the thermosensmitive cells of the
dming;ﬂrimnpbmufth:dﬂdopxngfmmmdmchcmﬂimu
are reported m this paper

Material and Methods
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Fig 1 Xoonal development of pyrogesic fovor The nmum! twocp rist in rectal and bypotbals-
band b ebown, Noto (esn) Elatation between strpe

water. Tho roctal temporature was weed to indicate the febrile rerporac, aad the ear
wa d for sm thon of sctivity In the expediments

in which the hy was hexted the of the thermodes were recorded,

=d I the cxperiments whare cooling was coployed both the stizrulanng ad the

Eyp cmp were similarly med. In these latter expertments am

Trerage akin tempernture was sleo recorded. The details of the techmqoes employed

Exve bemn described chrewhbere (HAMGL «f of. 1960, Axowax & al. 1960)

The following types of cxperiments were carrhed ot

A Heatmy of the hy n diately after ' of prroges, 7)

while the fever devcloped and ¥) when the fover condition was meodmal.

B. Coollng of the hypothat the devek o p e feyers so that

the tempernture of the hypothalamnms was kept well belaw the ridng rectal

All experiments were carried out t exrvironments! temperatires of 27—287 Q.

Regults

HNormel deceiepmen of frragon fooer

A typhkal development of the febrile espomse to L v adminbtration of
Piromen 4y shown tn Fig | The thermode temperture o, In this expariment,
the temperature of the anterior hypothalamus. The familar two-step develop-
meat of the pyrogenle fever winch has been notuced by seversl investigators
(Crnsomes of of. 1949 Toomeax 1959) b clearly seen. The period of tme
which elapged from the admmurtration of pyrogen mtll the recaal and hypo-
thalamic sarted raing was 35 to 45 mun, The car tempoanatare
morty fefl durmg this “latency patod  Ounc vy mterestng fature of tho
Curve i1 that in the parmal devel f pyrogenic fever tha hypothatamd
'Smperatare was atways higher than the rectal, whereas during the first hoar
of defervescence the hypothalamic temperature was the lower of the two, In
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Ed Flx. 2 Intubition of the fchrie respousc
Punmen by beating the sckomizizg

i S a0 thcrn;zd&m 15" G s the sdmbabirs
oo pyTogen. Dorxl ropos

= Sollowed mmedmtely sfier discontmmeg

e ' | the thermal sumuba,

the fever development, and panting Ekewise dunng defervescence.
Hypetheloms heatiag onmadiaisly ofter o of prreges
In order to inhitet the development of frver after the admmisiation of
pyrogen the anterior hypothalamun was beated a3 soon as Piromen hed been
Injected The result 1 presented in Fig 2 The ear temperature rosc in respanse
to the heating, and the rectal temperature fell Jowly After a normal htency
of 45 min = persod followed diring which the ear temperature fell throughont.
The anmal exibuted & moall rae in the recial temperature, but only epough 19
bang it up 10 0.2 Cabovedntufth:wodbdcicpymgmwu-dmmﬂﬂfd-
Dunng the contmured heaung of the hypothalamus thi level of rectsl tempas-
ture was mamtamed without mgnificant changes for 45 mn. When the heat
of the hypothal wa cut off the car temperature fell atroptly
Ibe rectal tempernture rase rapidly 1 0 C above the revung level. By heating
the antenar hypothalamus to a higher temperature than before it was pouible
to indoce cutaneous -;ndihmnumfmmdnaxmmm”d‘
precptom fall o the recial temperature. When the heating was stopped, ¢

rectal temperature ncressed by 0.3 C and then levelled off
Iskikitom of & divelopog fever by bypeth Meatrag
Amthcrapmmm!nxh)wnmﬁgSPyrogm‘umudtbc%
temperature was kept only 1.5 C above the rectal temperature. Due
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repeated summulaton, and a third rse in rectal temperature was prodaced afier
the beating had been discontinned. Thus showy that tke pyr 1

w1 exerting {ts effect throughout the cxperiment.

Hypethelewx coading and pyrogeros feoer decelapmaxt

In the cxponments in whach the anteror bypothalamery was conled after
‘hmmhdbm;}vm,unmndouofwm was

The resalt, an ¢k of the rectal temp .ﬂm"‘t‘“hehd"‘“md-
tponding 10 the pyrogen alone, Is demonstrated fn Fig 5 As soa as the ‘““g‘
mmppcd,tbemtmpc’lmlnandeC.md(h:mmjwm
ing The average akin o To%e consp , Ths droson,
mhntdforonlylo—umdmhhu:hm:md‘wkn
from 40 4 warcmm«ww‘ﬁuhm‘m
remained almost constant for 35—40 min before the onset of

The hypothalamuc temperafure also rose during the g in “}nthddu‘themhu
dcvdopcd.’]‘hnwuincvinblclncrdcrh“hnuq el the chro
mwhhﬂdﬁm:ﬂ-ﬁvdypwwum(”-”q "
expariment was performed where the hypothalamlc e e e
abmost constant, bat to obtaun this constancy the 1pera e
nbehmcdwmcmmnpmmhm%:”‘“’lmmm
hm"mmmmﬁmd‘"lpnkd’ﬂlch
wmmmmhmﬂ m&m{
mpanmdmmdxpﬁogmnkncmwmbmmﬁ‘c recta

the
been demomstrated by the oxpariments il &hﬂ"mwﬁf:chu
lhllhhpnﬁb\cmnrpprﬂlthﬁfcvﬂ&om%ﬁ:ym The findings
sexmiirve structures m the antene? beating the thermo-

ghven, o doses of



2. B.TAmn:mwnrnAmm.mmem

Atthcpfcmrmucuncrmurﬁvnndcrbmlhﬂ-ud\ccxphm&nuufaw
ﬁmimg;inldd:ﬁonmth:oncuuﬂmndlbavr_
1 Thcpymgcmcmbsunm-:tunothamucunuluthcmmlm
:y:runm-ddmantotbc!hu'momgnhhrymminthzmtmurhrpmhhm

tﬂfthc(cmp:nhn:oftbchttcrwﬂl,huwcvcrqucﬁvdy
cmmlcrnctormbmccthzcﬂ'cucm-mdonthcwmnmnnndunﬂwd.
2 mmmcmmmmﬂmvdywccnuﬂmw
othcrthxnphyﬂabgiullbumu:,bu:mm-nyunnhumhnu
gmaﬂrucinhodytanmmmmﬁuxmu,lnmﬂpamu.
nmplyld'twthmdxﬁmtphyuobgmﬂrﬂmnhwhxhhvcdlﬂ'ﬂmﬂﬂ
mdmaiuaf;cmu,bu\wﬂrhwmmmmamnlgthmuﬂymtbdrdrmﬂ
effect.
It teems, however thatlbuchmlhn—mhvchnucrcndn’cdb
mdybylh\:rﬂﬂurcpoﬁtdinlh:pramtnmiy because the stomulating

nbou!tb:nm:mlgmmdcusu-:dml?ﬂd““

tbcnmcthamorcxuhtorycﬂ'ccuint}xnomn]dog Espectully of ahermate
theory no Zumfn:,on:wmﬂdapuzdnxthclmoumafhypothzhmt
bmdngncededmcoumu—thcfcvadriwﬁ’mnmhypotbahmkm
would be targer than 1t vas actially found to be,

t work hus supporied by rescarch B 1568 whth the U 8, Public Hald
wﬁmwﬁﬁn\am&m wﬁurm Wright Arr Des cloposet
Divison.

W are fadebeed o Dr J 8. Earoca and Afr D. Jacaacey for beipful sembeixes diring the
SXpeTIwen
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Angmentation of Cardiac Contractile Force and Heart
Rato by Mednllx Oblongata Stimulation in the Cat

By
Axprzs Rostx
Recrived 26 May 1961

Abstract

Rodw A Axpuenistwm of cardioc comiractiic force ol beart reis by
meuinlle obienpote cowmletrem in the cal. Acta physiol scand. 1961 53
235269, — Electncal stimularion in two rebatiyely well drcum-
xribed regions of the medulls oblongata eliated tadrycards and
zgmentaton of the nght ventneular coatracnle force recorded

strain gauge arch tachnique. One of the two regpont was found

*0 be stmated wrthm the more central part of the premor sres.
Sdmulanon fn tm region generally produced  vasoconstraction
o tkelenal mincle paralld with the fncressed cardiac activly
wus found t be Jocated in the pathetic
arca” in th  ventrolateral part of the medulle Mosce
vaodtilatation ebarted by stimulation m that regson was accomparded
by xn tacrease In the cardiac funcnons. The wagmastabon of carduae
acthity with mimuhiton of the two regions was medited by the

i

A tachyeardia fllowmng stimulaton m the medulla obloogata has been
;;l;xh‘dlnctmxby £ Coxx tal (1936) Moxarm (1939) Mo Queex of of
{ H) Asomosa, Brrs and Rosoaens (1954) and Prow (1960) However the
lTatme contaim ery few data on  ugmentation of the cardise contractile
force with much piimalation. Prs (1958) obecrved, on simulanon In the pressor

::dmrou:dm@mmm&ndmgorap.wmnm(wsﬁ)
“mulaton of the cardiac sympathetic nernves increases the force of

253
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wdhcwnmcﬁunmthoutncm:n:ﬂynhngthchunnmmamm
scparate fibers exit for these two fi ‘While the hypothal reprexcn-
xton of the fnotropic fibers o the heart hus been subjected to relativdy
thorough study (Runnmz, Surrm and Frawxuw 1959 Swrmn o o 1960,
Rowty 1961 &) ther representation in the medulla oblongata bus been treated
onlymlhcnbovtmmuoncdlumdg-uonoﬂ’m

The present lnvestigation was dengned to extablish whether the symp
vasodilator outflow winch pames through the ventrolateral portian of the
medulla (Lowones and Uvis 1958 Livpoxax of o, 1956} b accompansed
by fibers the latron of which produces cardlac iotropic and ch :
effects. Electrical stimulation of the vasodilatar pathway in the central nervows
system clats, in the cat and the dog a cholinergic sympathetic skelkctal
muscle vasodilatation. Parallel with the vasodilator response, incressed Libers-
tort of catechal amines from the adrenals occurs (GxanT #f oL 1938, Lomorex,
Rostx and Uviks 19592) Hypothalamic stmulation of the vasdilator system

1

cunes, 1 addith of i pic and chr pic fibers to the heart
(Rowtr 1961s) The question arose whether the concomitance of muscie yio-
dilator and of cardiac resp on stimmulation m the hypothal Al
purcly dental or whether 1t igmfied an interrel hip. Should the vew-
dﬂnmrcutﬂwprmmbcamilpunkcdbywdx?iwwjmivmﬂoﬁﬂ
levels of 1ts central coumse, the p yofan T "gnnﬂgbemcdfan:

ened. The vasodilatar outflow 1n the medulla ohloogata i
wmplmnryltudxu,[urmthnpartuﬁhchnmmiumu il

myocardial contractile force, Peims finding
vanations — that an d cardiac fle farce freq
y pania shmulanon 1 the prewor srea.

Method
7

adsmichered
qun(Spcrncm.wﬁm)vT"mmm o coses mulbciont
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pemate blood Jomes. Pomtive-preare arbificial respiration was maintained durdng the
experincnts In 17 ankmb bilateral cervical vagotomy was done before the crperd
mext, and {n 8 of these that carotid artery which had pot been canmulated for blood-
remse memmrement was occhuded pror to bulbar stimnlabon and remamed occluded
any cardisc effects which might have

5
L
b
g

The Hanley-Clarke techmiqoe was wed for stimutation, The skall was perfocated with
dental drill a0 that am electrode could be fatrodoced In the medulla on the Hght tide.
Bodh wripolar (6 expertmenti) aod bipotar (19 dectrodes were eoployed
The miipotar dlertrode was (.45 mm in drameter and had a pomted, uninsutated dp 0.3
mm loag. The bipolar electrode consisted ementially of two unipolar dectrodes the -
Ezmalated tipe of which had bren 30 ground as o form flat oblique surfaces, one reaching
05—0.7 o decper than the other (conforming in principle to the Mustranon under B,
Fig. 2, page 36, Lroomax 1958) Elertrical stimulaton, 1.5—2.5V 70 e, pabe duration
2irwee, was produced by square-wave goncrator

The two stellate ganglia werw carefllly oxposed vis an approach through the thorack
wall between the frvt and sccond rib on cech mde. The thorack: wall was thereapon
chomed, It waa later reopened for remaval of the ganghia, then cosed again, The adromab
w7t mobifized via an abdomisal wall inciskon for later lgatn and removal when

The nght Intraventricular preware was recorded, In 14 experdments, by means of
Stx&.mh-m-dnc:r(l’za.l\) Fallowing tharacotomy catheter was
sdvanced through the ventricular wall it the cavity with the aid of  pointed metal
Foide which was then remored. The beart rate was meascred with an nterval recorder
( and Lrsoaary 1961) v fmrpubes from the blood-preswre channd] of

Geam (Polrgraphy) pmstrument.
The force was messured wrth & strain gwige arch. Following
Ummmm,nndbcdmd‘m:pumdhmlhemlnpwcmm-mchnd,lu-ﬂ

In 7 cxpertments wo was made of an open stram gamge arch similar kn cacntiab to
that described by Bosarack, Baooa and Wastow (1933) For the romaining 18 axperk
Beath somewhat mochicd, and far more seositive arch (Rostr 1961 &) waa casployed.
For farther detall of and comment o the strain gaoge arch technkque In meanrement
of ardiac contractile farce, referonce thould be made to previous mrrestigations (Corrax
193, Corram and Bar 1356 Rawtx 1961 )

Reoults
CenBiac Respousts b0 Stovletion tn the  Sympathetic Vassdilasor Ares”
Th:lﬂnmhﬁ,pnmkph::,md]apuimu,whhmthumarthc
Frupathetic vasodilator outfiow wiuch Lomorex o ol (1956) observed in the
ventrolateral portion of the medulla cbloagats. In § expermments such stimula
ton eiclted vasodllatation in the skeletal muscler. That the effect was &
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Toble L Regamses of cardioc cmdractils forvs (C. F ) ond beart rats (H. R.) to bulbar simis-
foen & the mpatiniy vaxdiliiw patimny diking « wasls wmdileter renpons

CF HR  After adrenalecromy  After el

QF HR OGF [HR
Catmo.1A 4+ +
» » 2A ncrease! +
> » 3V + bt +
» » 4V PCO 4+ 4 I i
> »3 +++ + +++ +
» » 6V ++ bttt e+ o '
> 7 +EE ok ++ + 0 »
» 4V PCO ++ + 0 ]
»9 + + o »

A = Adremlcrtombred.
V =V agotoomed,
PCO ~ Prrrimsent carntd occimslon
C.F +++ coxrospand to the responee of about 1.0 pgfkg adromlioe L

++ » 05

+ ar

0 iuigufcent repoes.
HR 4+++ 1520 % incresse.

44 le-13%

+ 0%

¢ <5% {Losignificant respowst)

thetic vasoditator Fsteot

cholinergc vasodilator one atirfbutable to the ymp sodilator mis

was evident from the fact that on stumul g atrop
ather substantally reduced or absent. The actrvations mvnmiiyg:wr‘:ﬂﬂ;
mnmmth:hnnmcmdmthcmd;uwnu:m]c::mw
wath the vasodilatution (Table I) One of the expenments 4
(cat 3 Table I) Mcﬂmm&nuwﬂlnm&emﬂmﬂm
m:ﬁulmnmmlatmof4w:(fordrhmrtnm:iﬂ-w
lumnmrmomawummnﬁucmﬂidm{i“m
In 4 expermments the right vratncular pecssmre Wil e
pfmmrmc.macbmmncc,mummmtc}ymlhthemax tractile
force Lbcd.m!obcpn:mrt,ondacmhahmd,rum:ncd e
mmxgmmdeofdmmdh:m-pomncndmlﬁumlekl et
mentanon of cardiac contractile force wad equivalent fo the dn'l:rﬂm“m
by adrenaline, 02—} Opgj'kg,.d_mmn‘ta'ﬂimmvmomlyd:tgc o
:h:mmuhhomThnmdhodofaﬁm‘dngdxrapam:dmhﬂﬂihw(Rd'
muﬂ:fmwufwndmbc.ppmprm:raupmmcﬂ
1961x) Tln:ﬂacmthohanrnmmnlmuhdan-mﬂ
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e T_%I-
- mm s

Ther 40 her. lL‘——I—r—‘——I——-—A
f

rlLCuI.Acrn:p‘t-n'e, t vestricular contractile ﬁm:t,bnnnumdm_d-hla.d

o romones 1 sumuladion I the  catrolaseral portian of the mcdulla sbioagata befor

M 20\

Atropiee o

Take dhat herr are bem Bncromses i mmmche blood fiow after atropéne,

20 per cent. The carduac resp hated Ily by the symp
!nnandoumthehc-rnmﬁndmgwumobcnmdumm}ybydxnbaf
htmqbu:by bolition of resp by stellaze gangl Th expen-

ment flhatrated in Fig 2 showing the card to ]

of the sympathenic vasodilator tract, i one of the four 1 which the rtellate
targlia were removed (T ble 1) Ind:dnap\:rlmcnt.uindwm.hm,thc-ug
mentation of the cardisc resp was p by the gangli-
oarctomy In wme exp h:htcnl \! reduced the car
hrnpomqtommuhuan,bmmoth:ntdxdmnlnmcformﬂhmanm
lebollnﬂnumtvidmdyrdandﬁ'omth:ldrmaklnlmmumﬂhmt
%0 influence the cardia fi The amounts lib d n these

&d not, bowever suffice to affect ppeecably the asomotor tonts m the

During the attempts to acti ate the sympathets vasodilator pathuay withn
s crcamseribed area 10 the tmmunrr-]pcrhoud'.hcnxdnﬂm, bereased
carding activity was cbecrved to act imul which produred no

muscl vasodilatation. In one mtance however tropine had been
carlier and in some expenment sumulation was anodated with

* munor inerease of blood flow which may have resulted from activation of the
Yoodilator pathway Fve stimalaeon pmnuvmknlurdhhmlogfnﬂy all
d"—"ﬂhmlhinnrngm {ding w th the aren”




Fig 2. Cat 8. Aortlc vetrcular Caree, dar prwere,
hnnunﬂmfﬁﬂo‘t‘wmm@muvﬁ-mhm&”-
madulla before and alter atropinizatson and remova! of the two sellare gangfia. The sdrauk

wer mmtact.
1—5 Bulbar stimalations (2.5 v, 70 cps) delhered at five levels approxmascly | o spst
while the tp of th wa graduinally thibed domlly from the veoirolocral s

Atropuac 0.3 mzvenomly
Notz the cardrac and 4o the muscle vasoconsrictor resporess to wimmubetion 4, Kppicd
abore “the wayodilator ares.

(Fig 4) Tbeclrducrupcmuwcrcofthcnm:typcmdnnguhudcmdh’d
the samc latency as those induced by the stimulations whuch gave rme 0
vasodilatation (Table IT) Adrenalectomy 10 the two experiments in wioch 2
was dome, served to reduce the aug jon of carduc ctile faree

(Table 1)
T\«t}wdt&crpammummndudninfnﬂmtmmwuﬁﬂ
advanced through the dorml part of the medulla to the most ventral portion
of the L 1 ares. 1 was then produced at diffarent levelh,
Kmnyiqm‘(deOSmlmm.th:dwnodcnpbangmthdnwnlﬁﬂk
atw time. Tt was found that sumulatron m a region above the  vasodilator arct
mBup.umedmngmﬁumchmguuthamdxmdlumnmaﬂemU
n general, m the heart rate ngrp.nnduwd'.hcconu-.cnlcﬁxccrcm’dmt
and gave mc to bradycardia concomutsnt with a substantial blood-pressst®
fall and in the ranamng 2 exp npmducad-naugmm}onoﬁ.hcmnmuﬂ‘
[m'raln4ofﬂnseu;pmm@umwbchnomducrapomaunmdcdmmuh‘
were otserved 18

cardiac contractile force and a minor tinmo §
the bp of the clectrode approxumately 1 mm above thatinpo 52—

‘_u:p PR eardiac reap anda rerponse in the mret
des.
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Tobke I Bepamses of cordiec comractile force (C. F ) amd hoat rats (H. R.) to shmmletion ix
B crntralaiored area of Ut sblompeis medulin rixiting we wmci Cawewier M
CF HR After adromalettomy
aF HR
Gt 10 PCO + +
++ +
++ ++ + ++
13\ PCO +++ +4++
++ +
15 fncrease +++
16A +++ +4+
7 +++ ot meswared ++
s ++ Dot messared
1wV +++ +
Ko sdrenaFine tjectod.

VAPOOGF (444 ++ + ) amdH R (+++ ++ + 0)scctable L

Cordise Recponses to Stmaleton t tha Afors Central Poctwas of the Precser Arse

In 14 exp. surmiation was  pplied n the more central parts of the region
which Avzxasmza (1946) described a3 the premor area. The eliated response
consisted, 1n each instance, of an d nght ventricnl ile force, &
Mmmm(wmm&cﬂ)mt&ﬂgﬁlmm
and, m general, tachycardia. In all except one of thease experment the stmula
bot was observed to be accompanied by varying degrees of muncle vasocon-
sriction, One of the experiments 1 illustrated in Fig 3 from which t wall be
wen that the shmmlatdon cbated increased cardiac sctrvity parallel with

muecle ictron (the ytrk TESPOTIC Wkt INORL COMPSCUOS at
Lhchnmmuhdm) Thu\gmumndthewdurmmn:dmud
Pl jon of sdrenali

lF!ka(M+Amd)eﬁg\m)prodmcdcﬂccnon!hehunlmﬁh:mlmphnxjc
o those obtained prior 1o drenalectomy Thus suggrus that eatechol amines
Bad been 1ib from the adrenals to app 1y the mme extent, as the
mjected amoant, and had influenced the cardiac functions, The ne 1n cardiae
TOponses was nearly aboluhed following stellate gangl! The adrenal
catechol ammnes and the sympathetic innervation to the heart were thus both
pocaible, in thn exp for the d cardiac activity In another
EXpament with shmulatan 11 the premor area (sumulaton no. 310 Fig 2) the
ardiac  ugmentauon mtd.hlcd 18 the cardmc sympathetic i nervation was
The

11—613015 Asta phymol seend. b oL 53
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A, Adrenaline 10 Intravenoomsty
Noto that sfter there Is  partlal, and after steltatectomy an almost towl, rede
thon of the curdlec responsa o sumulation,

pronounced cardiac effects (compare Table I and IT with Table I11) Under the

experi 1 condibons obtai the tlon of cardiac ctile

furccon-dmuhbcuintb:prmar-mwncqmvnlcntmthc[nauxcvub‘f

by intravenous imjection of adrenallne [n a dosc of 1 / gfkg or more (Table I11)

The risc in beart rate varied, 1n geacral, between 5 and 20 per cent in one
ce 1t amounted to 50 per cent.

In 18 of the 14 expenments (the exception bang cat 24 m Table M) the
latency of the cardiac rap 2 edtoa of 4 sec (for the heart
ate 2 sec) Thuind;atut.h;uh:mpomwmd:dtad.nlmuinpam“’
the sympathetic mbervation to the heart. It will be seen from Table 11T hat
themsumlh-}mhtcncyth:u:d}umpommmhmndaﬂyrtdm
o altogetber ehminated on 1 applied foll stellato ganglion
ectomy A reduction of cardiae contractile force resulted from ganglionectomTy
in 1tself, 1n gencral ﬁu!ymnﬂ,dwughi!ouzﬂamﬂynmommd(ollmmiw
per cent, Parallel with that decremse nmumcmcfomcu-rmwl;:d-mlno(f;f
of systalic In the nght ventrcle as well as moderste yeardia

T et (o i tely 10 seconds before

cxpenment (cat 24 Table IID approxima
ol { nmuwmumofcl!lflmndmuh("’“

the cardrac responses were observed. The
Lot stellate gangli These observations suggest that bumﬂﬂ;
haglss were tved in the respon In the other cxpcrmenty tod, #9<
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Take II Regponns of crdia: cantractlle forcs (C. F ) and henrt rots (H R.) so bafber stoacia-
D s the precmr region peacrwlly dicking  waxcle Lescrrincter srapense

QF H.R. After adremalecsomy  After seellatecsonry

aF HR QF HR
Gatms 3V e+ T+
16V rco +H++
n 4 +
24V PCO i+ + [} +
2 +t++ + + +
nv reo +HF+ ++ [ [
v F++ Incresse  +++ ++ [ +
0%
21V reo o ++ ° +
©v reo +4b+ 4 ++++ 4 o +
By ++++ o+ Rt [ °
s +4+ 0 [ +
8V pcO +++ ++ [ °
A +4++ ++ [ [
1BY PcO +++ ++ ++ +

VAROGF (144 4+ + Quad R (+++ ++ + 0 merable]
QF +4++ corrempand to the respoosn of about L5 sog/kg or more of adreoabne £

mechanism — in addron to the pervoss mechanmm — may have played a
role, In several experiments bnlateral adremalectomy was done poor to stellate
#anghonectomy following which a red of cardiac resp way frequendy
obacrved (Table HIT) — a finding which suggosted that catechol amines Eberated
from the adrerals on stimnhation were & contributory cause of the increased
cardiac actmity It was not pomible to determne, hov ever whether the xmount
ufutmhﬂnmmu;homﬁndmnﬁi:adzunmomrmnumdxmmdu,
since refable evahmtion was precloded by the very marked blood-flow and
M-prmrup:nuwmchnm-hnp:o:mnﬁu

Comment

Stmmlation m the pressor area gave me to much marked cardiovascalar
Cﬂ'fmumlbzhnnvdnm:mxghthwacmdnng:ﬂ.mﬁauuclpn}.
cular significance 1n that a major degree of heart colargement will affect the
Rrain gange arch recordmg With moderate enlargement, however the record.
{og will not be apprecably mfluenced (Corren 1953, Cotraw and Bar 1936,
Rostx 1961 ) In all of the present cxperiments m which both adrenalectomy
Nndlmmhuumymdme.mdlnnmdlhm:mwhchon}ym
of the two v d, sub: E amed no dgmfi-

cant change 1n the recording of exther the contractile force or the ventrmoalar



SpoTee,
The lloex cormect stimmulation points referab! to ane and the me clertrode puscore.

promure. It follows that any alteration of heart wre o0 such stimulation was not
sufficient to influence the recordmgy. The question remalns as to whether gtims-
latson with the adrenals and/or the stellate gangha intact might have increesed
the heart volume sufficiently to affect the stram gaugn arch recordmg As
rcgud:thc:dr:ml-,Wmdemum(l%DfmmdLhnmbuthm
esthenzed and ancsthetized dogs mtravenow infusion of adrenaline or zor
adrenaline mereased the left ventricular disstolic dmeter Even with large
doses of catechol amines the merease seemed, however to be relatively small.
Both adrenaline and noradrenaline, even m small doses, augment the con-
tractile foree of the myocardium (¢ ¢ WesT and Roauam 1937 Rotén 1961b)
There b reason therefore, to surmuse that that part of the contractike force
response which, m my expenments, disappeared following adrenak y wasin
fact attribatable to a direct influence of adrenal catechal ammes on the myo-
cardial contractlity As to the stellate ganglia, AwzoLa and Runoex (1956)
_~found m dogs that electneal stimmulation of the Lt stellate ganglon w ¥
actually reduced the dimennons of both ventrcles, presumably 9 & result of
of the cha] contrachile force as well as acceleration of the
hmnnlc.ﬂ:hmgguuthucmhmlbarnhnuhdmmmymmuhﬂd
stellate ganglia tended rather to counteract than to faclitate an increase in
beart volume. Another ohservation which may indswcate that the strain gange
arch recording was not apprecably influenced by volume changes, is that 0o

bulbar shmulation the nght ventncalar systolle presure almost lnvarisbly
— to not more thes

— with the increase of contractike fores
O3 paralll 1 oy

appeoximately double, while the dustolic presure

Sunilar nght ventricular prewsure behavior had previowly been obmtiﬂﬂ

scven Instances (Roséx 1961a one illustrated 10 hn Fig 4) of experfmen lb:
effect on

nduced enlargement of the nght ventricle, with no sigruficant
mg—.ug\:ndzmcmﬂmgﬁ-om the ventnde.
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Ihrtshepc Localiontion

Fifteen cat braim were cxamuned hotologically After removal they were
fixed 1n 10 per cent formaldehyde solution, Frozen serml sections were cut ina
plane parallet 10 the clectrode ponbon. Twelve stunulation points were loca-
lsed In the sympathetic vasodilator area” (Loocars and Uvxks 1953
Loxooxrx ot od. 1956) 7 of them were anocuted with vasodilator respomes and
5 with o vasomotor responses in the muscles (Fig 4) An additional 10 sumula-
ton pants were localired 1n the more ecntral regioms of the premor arca
defined by Arrxanpen (1946) (6 of them are shown in Fig 4) 9 were amocated
with vesoconstnictor resporses and one with no vasomotor responses mn the
ek, Actrvation of cach of these 22 stimulaton pownty bad increased the
ardizc activity

Discussion

In the present mvestigation different regions in the medulla oblongate were
strmtlated and the resulting changes in the skeletal mmscke vasomotar tonus and
in the heart rate and cardisc contractile foree were studsed. It was foond that
both the myocardial ecntractile force and the heart rate were mereased,
Ppareatly independently on balbar in the more eentral parton of
that region winch ALrxamnza (1946) described s the premar ares. In general,
stimnilation at that site eliated — parallel with the cardmc responses — vasocon
schon [n the skeletal muscles. In several i
around the ventral border of the presor ares evoked vasoconstrictor responses
m the moscles with no demomtrabl conaunrent changes of carduc funcbons.
The results confirm Perm (1958) clafm that the myocardul contractile force
may fncrease on stummilanon in the presor ares, and that vasoconsirction efic
ted by bulbar stannlaton 13 Dot pecesarily d with candiac rep
According 1o ray obecrvations the clevated cardiac contractilo force arae manly
¥a cxotation of sympathetic fibers to the heart. The fact that activation of the
Prewor ares in my expert was also ded by cardu L — like
Wioe via sympathetic fibers to the heart — doax not accard with Prrs's obwer
Vlnomhxlmmvemgndmnfl%&ﬂc-hawed,bowwulnlmbmqmmm-
Tergation (Pros 1960) that it b powibl by presor area stimulanon to induce
excltabon of chronotromec fibers to the heart. The mcressed elecincal dis-
charge m the infersor cardia perve obwerved by ALExARDER (1946) on stumu-
latom in the premor area may — according to ry findmgs — have been duc to
xataton of both cardio- ], and cards fibers.

The resmits of the imvertygation do not conflict w th the view that the premor
res b concerned in excitation of th  entire sympathetic system (Carx o of.
1936, 1957 4, b) Thus 1t was found that sympathet; vEs0CORSTICION Nerves o
mowcle blood vemels, sympatbeti accelerator and augmentor fibers to the heart,
nd tyropathetic seretion-sctivating nerves to the  drenal medulla were
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mttdbymm“umm‘prmmminunxclm:.drmdmdnﬂuy
mcuononmmulmm(ndnnmdtbcmcduﬂ:oblonpuhuhmdc.
scribed previowly (Crooc et of 1936 1937b, Pros 1958, among othen) In the
mﬂmonCmnaLfmmdululikﬂythmmmaﬂymwmdmd\mpo-
tmmt:dupmmwmdm&eh’bcntzdc-tc:hoh.?m,onthemhchnd,
ﬂwnghtlhnm!hmnmhﬁonkutbcprusorna,mxmhohmmnmrduxd
ﬁ’om!hcndrmhinqumuuamﬂincutlopmduc:dhnmnmﬂcdm
and appreciably clevated cardiac activity The present results enrroborate
Prns’s belicf that the adrenal medullary secretron may be implicated in the
:ugmmuﬁunofmduz-amtywhchamp‘mqmmuhumhtbcm
arca. The extent, to which the hberated amounts of catechol amimnes comey fnto
play 1 the phviological pattern of reactson, is however still nnknown.

In an area of the ventrolaters] portion of the medulla oblongata, coupexding
with that through which the sympathetic vasodihator outflow pames, simoul
ton gave me to exataton of motropsc and chronotropee fibers to the beart,
apparently independently of each other as was the ease on stmmulation of the
vasodilator outflow m the hypothalamus (Roskx 1961a) All mncle vasoditatee
resp to 1 m the 1 | partion were accompansed by sn
augmented cardiac actvity Sinee the vasodilator raponse failed to ocaur oa
e Sy 1 g atrop 1. Mh‘d 1 |’ "ﬁ'ﬂm‘ﬂ'\"
ton of the sympathenc vasodilator pathway In some D i
that part of the medulla oblongata chated — parallel with the devated cardac
activity — no vasomotor change in the muscler. It does not necesarily follow
however that exatation of the vasodilator outflow had been abeent in those
eaxpenments  the presence of a musche vasodifator response could have been

Jed 1 uy riction. Exiaman of of (1951) thus sewed
that central stomulation in the vasodilator pathway ooght eliot —
with & dil o —a effect in the muscles.

It veas pot p ly known that stumul in the path it
area™ within the venirolateral portron of the medulls oblongata caues sugmen
tion of the eardiac contractile force, Prm {1938, 1960) observed in hus imves-
ug-thmlhcocumduchycudumth-lhmhtm:ymmuhﬂmmd‘
ventrolateral region of the medulla, and msyumed that the heart rate w*
ncreased va of hypothal pal path According to oY
observations ¢ 1s probable that these sumulatiom affected the -modihmf“;,
flow Ithn;n'cuomlybamdﬂnomtnlcdthalmdnh)podnhmkm
the vasodilator system vasodilator fibers arc mcmmpnnlcdbynrdnlﬂlﬂwf
fibers (Rostx 19618) The present anveatigation shows that such fibers &
wvolved m the bulbar sector of the vasoddator outflow Acvording to o7
rmlﬂlh:lmmmlofldrunlmrdaxdonbulbufdnnﬂllmmﬂz
patbetic vasodilator pattway was not sullicient to wfluence apprecally
mmmmﬁdnﬂm\ncla.Togﬂhcr\dLhthcﬂmlcd e 0
it may however ha e sufficed o 1ncreaso the carduc scuvity
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fndmgs confirm other observations (LixpoRew o al. 1959b, Rostx 19615) The
quertion, bowever still remaima to which degree the catechol ammes under
ymologacal coatribute to the d cardisc actmty

Lowonex and Uvaks (1935) showed that no anatomscal ar functonal rels
tiomhp exirty between the vasdilator nerves and the presar area. It has been

soggested that the pattern of resp to 1 of the dilator out
fiow mmght s fi I unit. The q then arlscs as to the
Physialogic mgnificance of the vasodilatoe system.

and

evoked by contral sumulatan of the vasodllatar cutflow (ELiaso « of. 1951
Lomanex and Uvrks 1953 Livnamae 1955) tend to produce a shift of blood
vahmme to the skeletal musclex. Redistribution of blood to mmucle twue m order
{0 establith optimal condinons for mumcnlar effort takes place in states of emo-
tonal strem and, imtally in muscalar work. Bram & . (1959) and Asea
BAM o of, (1960) called further to the posibility already & d
by Eriamcer of oL (1951) and Uvads (1954) that the vasodilator system may
hlmntudm:moﬂmalm&ncc!bclymp-!hrbcnndihuroulﬁuwhu
coctical (Eriamow Lomarex and Uveds 1952) it may be concerned
with the iitia] adjustment of the mucle blood flow dunng cxorcae, That hy
Pothesss, howryer 1 not in Ime with Biam o af.  (1961) belicf. The cardhac
actinity B increased both 1n emotional cxatement and, mitally in mmcular
cxrrche (for references see Rowke 1961a) My observanom provsde som  evi-
d:nccdntﬂ:znmgmmhdmd‘mducmutncﬁkhmnnddzlnﬁuxd
beart rate togrther constitute a funcnonal part of the responze pattern of the
vasodilator rystemn. This lends further suppoct to the hypothesis that the sym-
pathetic yasodilator omtflow 13 activated in mtustions such as fear ammety
unrest and other emotonal statcs, as well ax in the mital phase of muscular
work, m order to hlkh smtable card 1 4

Thia Iovestiyution hes been supported by the Saedish Medical Rewarch Coanell, the Swedish
Matona) Amociation egaiost Hext and Chest Ducascs and Karolimka Tastimct.
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Acta physicL scand. 1961, 53, 270275
Fr\:m'.bchpnrtmmtc{Phrmlcdogy Karolimka Institutet, Stockbolm 60, Sweden

Cardiac Inotropic and Skeletal Muscle Vasomotor
Responses to Adrenzlme and Noradrenaline
Threshold Doses on Intravenous Infasion
By

Arvexs Rosfx
Reeeived 26 May 1961

Abstract

Rostw, A Cardres tnotrepec and striskel muscie Lasemeter respoces o
adrnaline ond weradrontiive. Threcheld dusts o imtra swwns fnficsion. Acta

phymol. scand. 1961 53 270275 — I cats mnder chioraloe
nn:lmdhnnolnﬂdxdn,tbemnthfuhﬂlddmmlhnnduﬂ
Hon of 1 ] lnfiscd for  cardmc Inotropic

rapome wa found 1o be 0.26 - 012 pg/ipmin tod for  masde
varodilator response (.44 + 0.20 ug/kg/min. The mean threshold
dose of normdrenalime for an motropic responsc amounted w 0.37 +
D.Hpgjlgfmlnlndﬁx.mmdcvmﬂﬂumpcrxmlnt
045 pugfkgmoln. The necomity of caubon | esumaiing the
diflerencoy in the threshokd doses between inotropic and vasamotor

respones @
Actrvation of the sympatheuc vasodilator outflow by intracerebral clectne
stumulation dlcu—vnd;clympxtbcuclnnd\‘lﬂoﬂm(hcveuebd‘lbeddﬂ’l
mmuscles — vasodilatation 1n the muscles of the dog and at In the aag tere
18 & conanTent narease m the ile foroe of the myocardi F"d"“d
via the sympathetic nnervavon to the heart (Rostn 1961 », b) Furthermort

o
tral sumulation of the vasodilator pathway rouls in & raed outptt
i ; o af 1958, Lvooma?

adrenaline and noradrenaline from the adrenals (Graxt
Rostx and UvrAs 1959 a) Qo sumulation of moderate intemity Lbfl.na':;
1o ather of these catechol amines 1 not, a3 & rule suficfent to produce

appreaable vasomotor resporac in the muscles (Lipones R

270
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1959 b) Thar rased output does, on the other hand, often suffice to eliat a
marked increase in the contractile force of the heart (Rostx 1961 a, b) In the
prosent myvestyatan the threshold doses of intravenowly irfised adrenatme and
noradrenaln  reqmred to eliclt cardiac inotropic and muscular vasomotor
rapoma wore eshumated, This was done to determune 1) if the exeretion of
eatechol ammes on central shmulation of the vasodilator gutflow n — on com-
purmon with the threshold doses for carduc ipotropac rexpomses — sufficient to
induce an increase m the cootractile foree of the heart 2) if there 1 a cifference
m the threshold dose of the catechol amines for a cardiac motropic and a mncle
YEomotor Tesponse,
Mothods
The cxperiments were performed on 9 caty, weighlng from 2.5 1o 3.8 k, ancythetrred

with chloralose (25—50 mg/kg) and orethan (200-500 myg/ky) Solutrons of 1-adrenaling
Ertrochlonde and 1-poradrenalie uastrato in saline were propared, and placed on

force

00 10 per it detresse or incresse m the perpheral redxtance in the mmuscle
voach wes cormdered to be the threshokd vasoditator and vasoconstrictor respovee. The
Periphenal rexlatance (PR) was calenlared according to the formule of GRExw o oL
(1844) Pamg-:ﬂﬂ The emalicst mfssed amownt peoducing the thrabod
'“;‘lt-umdmdmhumwdw_

Or 20 accomnt of determinmtam of the Ariscle blood fow arterial promure, heart
T and contractile force of the heart, as well a1 of the relevant techniqoes,
TiTenes s made toprevions paper [ this e (p 255) 1n 7 experiments the contrac
wtwdhmmmmmmmmnmmmmlm )

2 expenmenty with the ongucal type (Boxrrac «f o, 1933)

Rewalts

Bfrm [ adresating

o025 augmented ecardiac contracti! farce with & mesn threxhald dose

o Fe/kghmn with wandard devistion + 0.12. The mean threshald dose

“'ﬁ.ﬂ.ltleh:lkdculmuad.:quHiO.?Opgﬁgjmm.

.:“;““htclpumuhmm:cdmﬁglmmuwmncdbyhﬁy

014 g/kg/min of adrenaline {pot scluded tn the fignre) This d
ra
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Fig | Cat L5 kg Aot premure, ventriculer contractile force, beart rar and moche blecd
B respores o Intrevenous knfumion of adreaatine.

produced no cardiovascular response. An merease in the contractike foree of the
nght ventricle was, however eliated by the next infuson (0.24 wg/kg/min),
which was conndered to be the threshold dose for an instrople response. Mo
vandihturrupomcnpparcdoninfnﬂouddmdmc.mdm“’dt
case with 0 43 pg/kg/mun, which was conndered to be the threshold dose for s
vasodilatar respanse. In anotber ilhustrated expenment, the thrahold doxs
were the mme for the two rexponses, 0.28 wg/kg/mun (Fig 2) In all expenmenty,
higher doses — up to the largest quanuty fised genenally 1—2 pg/kg/me
— still ebated vasodilatation in the muscla.

The heart rate was recorded in thee two expenments, &1 In all the otbs
The response ranged from po 1ncrease 1n rate ar a mnimal one to & rhe which,
on 1nfison of quantities up to 1 xg/kg/mm, seldom cxceeded 10 per ceat of the
1utial value,

Inficstom ¢f morsdrematine

In the 7 expeniments wath infimon of noradrenalme, no obmervatiom nat
mdcwuwd:aumatmygm:qmuuntdxﬁmceuprucmbﬂ":_
-drcnllmcmdnond:cmﬂne,nﬁ:utbu!cﬂ'nc(mlhccmmctﬂcfdﬂ
Lhtbmﬂummnti%mnmruhowdmdwmdbtfﬁlﬁ
notropst response amounted to 0 37 g/kg/mn » th sandard deviavon = "
Noradrenaline cauwsed muncke vasoconstriction nith a mean threshold dose
1171045 'mn,

ﬁfcﬂccuﬂﬁf/klgjmu of noradrenaline infusions are thown 10 F'g 7';:
maminlbeconmm]efa-ocoﬁhehmﬂuua(u:nmm“’
produced by the corresponding quantity of adrenaline Inthissenes, ﬂtlh’:’t
old dose for & vasoconstrictor reponse way 0.83 wg kg/mun o wnered
heart rate was recorded and 1n the remaining experments that was

alio the care.
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Discussion
The present Invesuganon showed that intravenous infinlon of adrenalme
® wdll s of noradrenaline 1n a thrahold quantity of 0.1—0.3 gxfkg/min

Produced an increase 1n the contractile force of the heart 1 the cat. It thus
confirmed the obwervatioms of Correx and Preous (1933) and West and
Rumax (1957) among others, that no great quantiiative difference i
Praat between the cardiae inotropee effect of adrenaline and poradremaline.
Th:hmﬂmkmvcryfewqmdumdanmthccﬂ'cdoﬂnﬂivmﬂy
mfiscd catecho] ammes on the coutractile force of the heart. West and Runoax
Sxnd that ntravenous infimon of 0001 M /kgfmn of both adrenaline and
oradreratine produced an increase m the stroke work of the ventrscle m the
dog. That valoe, bowever can Dot be compared with those, obtamed in the
Proent myesigation, I found that infurons of adrenaline eliated slight to mod
ate achycardia. Infonon of noradrenaline, on the contrary generally remult
ﬁmm%gﬂnhnnnmﬁgeﬁndh@mhmdymmtmm
ﬂm:en\m-mdnmmdxdog

On excatation of the vasodulator pathway by strmuli of moderate
tezsity (0325 V) with frequency 70/sec, Grant o al. (1938) found the
En“‘“[m:lhtmtpmu(ldrmdmﬁummndrmhobcoﬁﬂgfkg]m
o responding Bgure for noradrenalm v x1.0.30 igkg/min. On sumalanion
B aodlator pathway m the medulla obiongata with the tame parameters,

424 that of noradrenaline to 0 47 wg/kgfmn (Lowoni o ol 1959 8) 1f these
Wﬁ‘w““‘dmhkdmobumlh:vﬂmforbmh dremaly, the excretion of aat
7 Ammoey on the performed stimulations of the vasdllator outflow scems

0 Comparisn with the threshold doses for cardiac motopIc rerponses Te
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corded mn the present study — to be amply sufficent to indice ag increase
1 the contractle force of the heart. Tha obsarvation may explain why adre
nalectomy often markedly reduees the increased cardsae responses to central
retvation of the vasodilator cutflow {Roséx 1961 2, b)

In additton vasodilatation in the muscles wat found ta be produced by sdre

nalme m the mrean threshold dose of 0 44 yrgfkg/mn with standard deviatos
iO.mder:mlh'c,oan:aurcrhlnd,wuuchdedleﬁam
in the muscles until the dose reached 117 4 043 pg/kig/min. These threshold
doses are cmentally in agreement with earller obwervations (Creommex 1954
Lomarex e of. 1959 b, and othen) Lomoxex o «f found that the quantty of
adrenaline and noradrenaline released by hypothalamic and medullary stmudi
of moderate {ntenuty applicd to the sympathetic vasodilator pathway was, in
fact, too low to exert any appremable vasomotor action. My observation bare
also led to thy eonclusion
Using a parred t test the p-value for the difference between the threshold dow
of adrenaline, a3 well as of noradrenaline, for 3 carduc inotropc and g mnde
vasomotor rexponse was < 001 but = 0001 The question of whether tha smll
dufTe 1 phynologically ngmfi cannot be defimtel . The two
responses are indeed dimmular that m, the contractile force measurement
represents a moce direct | than docs peripheral rest and furthes
more, one cannot have confidence in quite comparable local tremwe concentra
tions.
On electrieal stimulanon of the sympathetic vasodilator system, the quantif
of catechol amines liberated from the adrenals has a greater effect on the con-
tractle force of the heart than on the vasomotor tonus of the muscles, This s
-ppumdyduemlhcbwthmholddmcof;d:mlhnemdncﬂdmﬂm"'
quired for a cardiac motropic response.

The co ble phynologic ngnificance of the dik system bas been
discunsed In earer publications (Eruamox o o, 1951 Uvns 1934 Asmansia
e af 1960, Uvnks 1960, Roxty 1961 a, b) Hm,nmfm:omamhcpadz
1mplication 1n mtustions of cmotional stren (Asmaniaxs ¢f af. 1960) and iz
sl stage of miscular work,

Thi rveaagation bas becn mpporied by green o Seemka Silbkapes for Mkt
Foruning.
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The Effect of Acetylchohine and Related Substances
on the Isolated Muscle Spindle

P
D Qrroson
Recclved 3] Axy 1967

Abstract

Orroson D The fwct of scctiichelme smd reisted ssbsiomes s i
imintd muxcls pinde Acta phyvol sand 19%) 53 26281 —
In sudss o the actron of vanous drogs an (re nolated frog's wrscke
rplndie it was Fouod that ACh m cancentrauoat beiow 1 1074 bhad
Bo grificant effect on the sensory eoding of the spaxdle Bide hugher
concntrnuons {$ 4 1041 > 30-1) cumed & gl reducuon o
ther actaty Other cholinerten like butyrykcholine
and seraylchaline had  ammuler acnon a3 ACh. Nor-acetyichale
concentratony of 5 » 104—1 7 10 camed 8 suppremon o e
Wumanwm.mmdmmwm
OF the antschobnexterass that w ere studsed axerine. DFP and miatsced

active m concentrapom of £ 04— 107" DFFP s concentn-
tonsof 3 5 10 —1 s 107 ard mumtseod m concntravom o 3 £

164+ 10 Frosugmunt had po guificant action an the gandle
}Mocbana]dﬂummtmo{zhtddmmumuynlbc

spuncic shewed (he presence of sbght concentratom of holiararua
1 the polas regrons of the spundic,

As shonn by katz 1§90, stretch sets up un the musche purdie » focal patential
which secondanly grves me to a docharge 10 the seasor) 4xon md"‘l‘t
sment of the receptar potental cxn pix be explasned 2 dmlommﬂ;d
the capaoty of the membrane although -xbaaxcbmumml!"-"’"‘mw
mlhepruductmo(lhedymm:ccum;nnmloflbemml’:‘;:
mnu;guimbumddwcbmnmdcdwm:ddmmndbmm’
sembrane canes pernmmeabulity changes with & ulmequent bonic

276
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cunges can be amumed to ardse either a3 u direct result of the mechanical
distorton of the membrane or they may be medinted through the relexse of
some chemaal transmittor (Katz 1961) Thrs last alternative ranes the quaiton
of whether or not ACh 1 {nvolved 1 the intttion of the receptor respome.
The present paper describes same of the results of a study on the action of
ACh and related fubstances on the activity of the bolated muscle spmdle of
the frog. One reason for umng the solated spundle was that in this preparation
the text mbatances can be applied directly to the sensory endinge. Another
sdvantage Lica 1n the fact that indrect effects which may confine the Inter
pretatan of the resalts obtamed 12 lated pecparations are absent or
a1 emlly be elumnated m the nolated spmdle. Farthermore, since the receptor
potentzal can be recorded together wath the impalse discharge, 1t i pomhle to
£7t cinas s to the itz of action of an applied substance.

The reilts obtamed show that none of the quaternary ammomum com-
pounds that were tested produced excitation whereas some anticholinestrrases
§AYC ¢ 10 an intense docharge from the spundie.

Mathods
Propermtion. The cxpermments were made on isalated rpomdles of w1t dig beny 17 of
the frog This mumce contam —3 speode Tyvtems cach of whach consders of & bandle
ol intrafirm] rmuecls fibres with the gundla arranged in serics (GaaY 1957) The anatom-
feal arrasmgeinent of these #y5tcme b ually very constant and the spodics e thercore
y to fnd. The dimection was carried out under dark field Hhrmimaton with the

d:’d-« Recordings »ere made with Ag—AgCa chectrodes connected to the prepars-
“ith ghw tobes filled with Ringer Agar One clectrode was placrd] fn the Rimger
W-—613015 Acta physiot. cound Vol 5.
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Thon to ensure that they grve po sach artfect
Seiatns The following drugs wese tested acetylcholing chloride Dutyryeboae
WW&WI

lodide, prophons ichotme chlorde, nor-accty
chioride a«bcumhmmmiﬁwvw
DFP) p phenyl-dieth hate { Iy h wdude  taboow
chionde );mmhonhxmbwmidcTh:»lmjmmmM‘”‘”YF"
mdhadnmmmnmmmmdummawmdhgfml'ﬂtﬂmﬂh‘
(he fluad a1

Rewalts

\When the pundle i kept at resung length t uyually fires at
drcharge goes on foc hrours w dmo-p-pm:lb!cdungcmf:qmwmﬂm

1o be 8 wrutive nduuldmfmmmlmwofdmspmd}c
effect on the 1€

sexved that drup 1 Cneeniatoen’ whch had no sgmficant
nge ndxgponunmwdmh.\rgtﬂ“-‘h“

sponse o riretch p:'oduccd a chs

roveahing that they ¢ not entirely w thout effect
The text stretches wsed nt}reprum!m.\dymt“mal!y.djmrdmﬂ”

gntlmodmterexpom&m-rukﬁmrupamwmdcmﬂm‘f“
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t rcw?

P 2 The aheence of effect of cctybchotine on the sponfancow activity of tee rumcle spindle.

of several hours provided the spandle was not sumulated too frequently How-
e within the first 10--15 mun after the spindle was mounted the response
0 a given stretch often vaned a great deal. The spundle was therefore always
Utlormfcrlhvml5mh1;ncrbcmgmountcd,lndmmncfthccﬁ'ccuuf
drogs were done before the response had been constant for at least 15 min.

The efuct of chlincsters

ACh in concentrations below [ X 107+ generally had no conspacrous action
@ the spendle. In concentrations of 3 x 10 —1 x 107 the drug caused a
decremse i frem y of the sp + Tho change wat vsaally very
sight, bat m some preparaom th spindle became silent after having been
waked in the test solution for a fow mnutea. In concentration of 1 ¥ 10—*
ACh wually alo caused & reducton of the stretch regponse. Thus change took
Place dowly and did n t become marked until the gpendle had been exposed
to the drug for 20~-30 mun. In many preparatsons which appeared to be in
Percet conditon ACh bad wery Ltte effect, as n illostrated in Fig 1 It
mnt be emphasized that ACh m concentratrons of 1 x 107—1 X 10~ was
Bever obkerved to produce any inttal exaitatory action (Fig 2) Tho Iack of
effect could not be doe to an matshity of ACh to pas through the spindie cap-
e, nince sdentreal results were obtuned after the spandle capsule was splic.
It 5 well known that ACh even m lugh 13 1nactive on eyl
ed nerve fibres. The absence of effect hm been explauned as being due to the
Gilure of ACh to reach the wmnde of the membrane (NAcmTIoRCY 1959)
Recently & number of Liped soluble q Y P bave
been deyeloped, which are reported to depolanre myelinated berve fibre
(Sthiarer 1958 Derrmanx 1959) Onc of thee, refared to a3 nar ACh, was
tated on the spindle during the present study It was found that thrs com-
Pomnd in concontratoms of & 10—1 10 cawned a prooouneed de-
Crease 1n the spontancom activity of the spindle. The effect took place wath.
I & few seconds afier pplicatlon of the drug and oficn ked to a cemanon of
the sponancows discharge withm 1—3 mn. If the soluton in the bath vas
'“Knhrrdwrmcdirwmcmuocnnrrd!hxttberp{:-dlc-ﬁ:rhanng
been wilent for gom munutes started to fire agan at a slow rate. Repewal
O HuTing of the solution immedutely stopped thn dicharge. The rexponse to




280 D OTTO8SON

Eﬂlﬂm KUY

., >, e A

mi M |

;L”W\— "—L‘“‘\— —L— g;}mﬁz:rzm

n ronn T
- AN ‘hnalmm

stretch also became reduced although this effect developed len rapidly than
the decrease of the spontaneous discharge. Thus, stretcher produced responses
long after the spindle had ceased to fire spontancoutly As fllistrated §n Fig 3
the effect of nor-ACh on the stretch response appears as s progresive decrease
in the discharge until only a few 1mpulses are left. The Ing impubes are
relatrvely resatant to the action of the drug but finelly drop out after projonged
u—pmuxe.Itmybcnotcdthtthc-cﬂonnﬂ}wdmgunthcwycndiﬂsl
ukaphmmodmvlydnnthntwd-elmunmmkdbythcﬁ:tdnnhc
rcceptotpotmu;]rmmmdm!mmdnngudltlmgcwhmmmdlhem
wmpulses are extingusshed (record F) If the preparation was rinsed 1n Runger
before the response had dsappeared entirely the actvty of the spradie wes
partly restored (recovds G and H) Nor acetylcholine was abso tested together
with subthreshold concentrations of eserine (1—2 x 107%) The effect obtalned
was exsentially the mme a3 with por-acetylcholine aloae.

OF the other cholnesters that were tested butyrylcholine and proporrt-
tholine had & nmilar action as ACH but\ftf:lhghdvlmpo(mt.r\dlhdd
them produced any excitatory effect It has been demomstrated that sucdny
choline has a sumulauing action on non-tsolated spiadles (Grarr ol 1955,
Hrxarscs and Scurte 1958) In the solated spudle of the frog # nmilar cffect
could not be obtaned In concentrations below 1 (074 e did
not alfect the spndle whereas hugher concentratsom (2—5 < 1079 produced
a sight of the sp harge as well as of the rapomic ©0
stretch.

Aniichelimsternses
The anticholinesteruses studied 1n the present invesugation were prosugmmt

esenne, DFP and miatacel

No readily detectable change in the actty of the spndle could be obtl-\I:‘d
with prestigmune 10 concentrations as high a1 3 ¥ 107485 4 107 (K;Lg-lh]c
In some preparation a decrease in the spontancous sctivity oceurred rs'}w'y
respome o wreich became alightly reduced Thewe effects appeared
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Tag. A The effect of prosdgmine. A, in Ringer B—D after T 5 and 15 min b prostigmine {1 x
X 107 wiv). Thoe 100 mece. ~

Tig. 5A The effect of merine (3 1074 wiv) of ane drop of the sobrtion (xrTow)
Cmmcs Gacimrge iig for 30 wex and abraply Time | sex.

P The it o DFF Oce amall drop of DFP (3 X 10) pplcd m the bath (srrom) Thme
C The effer

of meotecrd, One ssall drop of mintseel (1 X 10 wiv) appled in the tath
2be0 3 acc ety the recording was sarted. Nowe negatrre & c. shaft with incressoeg frmg
£

and did often not become marked until after koog (30—43 min) exposwra. It
could therefore not be ascertamed whether or not these changes could be as-
€ribed 1o the acton of the drug

E-mnginconcmmnamunxm"—ixw“\muﬂypmductdmmun]
Satatory effect (Fig 3 A) followed by & subsequent red of the y
of the spndle to stretch and finally a complete block. The exatatory effect
varied a great deal from on  epindle to another In some preparations there
ccurred a vigorow dncharge that started 1—3 scc after application of the drug
2d usnally Lasted for 20—40 sec. Mont often the firing ceased suddenly and
the spundle thereafter remamed silent. As with nor ACh & cortam recovery
moetimes occurred if the sotution was not stirred or renewed ((f Enwaxm
nd hurreres 1959) In other preparations eserine only caued an inconspecuons
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g L The effece of ta B—G,ater 1/2,1 112, 2
152d 3 min i whiacol (5 % 10 wpv) R D s st the of e
feing, C—G idex the spinille sdent, H—, 7 sad I min washisg with
Rwger Theoe 100 meer.

‘elopment of the block coald be studied. As seen 1n Fig 7 the cffect by nmilar
hthuc:mcdbyc-uimﬂrhnpuhcdnchugcu-gﬂnma—emmm:hg
Mhon of the drug wath the result that the receptor potental i left partly un-

ment il in Fig 7 the prepar was washed 1n Runger after record E
s obtained. A1 seen m record F obtained 2 mun later the spundle tegaim n
cwtabiliey rapidly

Mmtacod had an effect much like that of eserme and DFP In thresbold con-
CeRTaton of § x 10-4—5% x 10~* the compound chwsed an mcresse in the
Hontanenas actrvity and a semaitaavon of the spindie 1o stretch. This effect
=ally vannbed wthn & few minutes but could sometimes be maintained for
1813 ruyn by repeated changes of the solution 1n the bath. In higher con-
entration (I x 10~¥) munmeol produced a vigorow dichange lashing for 30—
”*‘:(H; 5C) The senutinty to sretch was incressed dunng thn period &
% henrated by record B (Fig 8) After the spundic had ecascd to fire there fal-
\""dlfutru:lucmuofﬂ-empunx(c——c) It may be noted that thn change
X0 Irvolred o raped dimuwnion of the receptor potential. The effect causcd
by muntecol was usually revernble, and the sctivity was rapully restoced if the
"zl was rimsed n Ringer (record H—T Fig 8) It was & comtant obscrva
o that 2 second  pplication of the drug shortly after the actny ty bad been
Tared with a rinse of Rmger failed to produce any effect or enly gave rac to
‘ﬂn—;mdwon}yﬂmemnmuumnhdamlduwwnﬁ
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Flg. 9 The effect of tubocurarine, A, b Ringer B—D afler asd tubocwarie
(3 10~ wjv) Time 100 maer. M 10,20 1ad W minia

cxatatory effect be obtained agun. The same finding was made with DFF
The excitatory effect of eserine, DFP and mintacol was not obialned after the
spindle had been panched,

Blsckmg agents

Tubocuranne in concentrations of 1 x 10~%~1 x 10~ a5 & rule failed 0
produce any ngnificant effect. When the concentration was ramed (3 X 1079
a slight reduction of the response and of the spuke height was sometimes ob-
tuned (Fig 8) However thy cffect often did not become detectable until after
comparatively long exponures. Hemamethonium in concentration of 1 X o
had an actson simular to that of curare,

Cholinesterase-staining of the spindle

In connection with the study of the acthon of the dufferent compounds de-
nuﬂxdnh)wumbuof:pindlumnlwrulnaiumrdlngm!b‘mh‘:
developed by Houoteot (1957) It was found that no stxinmg ocewTed
nnnyothcprcpnnﬂnn:whﬂcothm;hqwtdllUgbtpﬂﬂﬁVEAmmm
Whmmmmgocumcdltmxdw:ﬁmnﬂncdmlbcpnh!qmdd’e@ﬁ
(Fig 10) Thus finding 13 comistent with carlier ahservanions (Cokas and
raro 1956, Giacoma and HorssteDT 1960)
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Discasslon

As was first shown by Cajar in 1888 the sensory fibre of the muscle spindle
breals up mto fine unmydinated strands with numerows vancosities dhtributed
along the portion of the Intrafimal fibrey. According to Karz
(1961} who quite recently hay publuhed a report on the electron-mcroscoprc
sractwre of the frog's spindle, these varicouties consist of bulbow expantoas
whach are 2—3 & theck and connected through thin (0.15 4 In diam) tubes.
There are reasons to believe (Katz 1961) that these bulle form tho mechano-
electneal transducen in the spindle system. The first step In the clectrical event
knhngmmcmydmgcmm-md]nglymmlhcmmbnmd
thae structures. It o not pomible to deckde at present whether or not thy firmt

step involees the relexse of some active subatance. It has been fonnd 1n studws
on crrarszed frog's whole muscles that ACh excites the spindle (Hravarscu and
Ecmnrs, 1958) In the cat the spindle response to miravenows mjecton of ACh
B blocked by praor admlnstraton of tubocuranne (Huwr 1932) No excdutory
wuon was obizined 1n the present study when ACh was applred directly on the
Bolated spundle, The lack of effect can ot be cxplained by the ssumption that
the grndle aapeule offers a diffusional barrier smee splittmg of the capsale dud
8ot ahter the experimenml result. However the fuilure of ACh to excite the isa-
hied speodie can not be dered a2 a8 d npmntthch-
theory since the receptor t may be mp bl to the comp
On\h:oihahlndth:fm:thnmrAmn.whHahmppaedmpmmthc
embrane, alio hiled to exate the spndle seerm to make it unlikely that ACh
o any related substance b wvolved m the cxatatory proces.

In arildng contrast w the relanve meff of the chah stands
the powerful action of the hol Wih the excep of proatk

they alt had esentally the mame action mxmdﬂcmnmcﬂ'x(lndlmb-
*quent reductivn of the actinty of the pindle. The fact that prostigrune dad
Dot came these effcenn Is most Hiely to be ascribed to the fadlure of the com
Ppound to p Tipid It has been d that !
1nwna:nu-.mmuhsghu&01 M en s coaduction 1n nerves unaffected
(Butiock of of 1946) Eserine oa the other hand is known to pam readily
through the nerve membeane It blocks conduction when applied externally
0 navey (Boiroe of ff 1946 Lomsmre nr NS 197 Dermaany 1959
\\lmm-l%ﬁ) “This effect by not due to a depolarization, nret cerine does not
redoce the restng potentul of dee nerve (Loxrere oz N6 1944 Stravs 1833)
DFP pave an cffect very much like that of esine bat was mare potent as fudged
frem the finding that it camed a more rapsd and intense effect. This can most
Ekedy be asenibed to the fact that DFP 5 more lipid than water soluble,

The excitatory effect of eserine, DFP and mentacol rabses the quertion = to
the mode of action of these sutstances. Th main argoment agamst the idea that
they exdite the spmdic by blocking the cholhinerterase acthity o the findlng that
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nuLhn’AQ]normymhcrafthcqmtamrytmmmnnnmpmmdsdmwm
tested produced exatation. Furthermore the finding that the spmdle contam no
or only very small amounty of cholmesterase suggests that the excitatory effect
of the anticholmesterases may not be mediated by the ACh system. This view
1 abo supported by the observation that esenne and DFP had to be maed i
relatively high concentrations. 1t hus been d d that hal

also may affect other enzyme systems (MrciarLn ¢ «f. 1949) The pomibility
therefore cxnty that the effect of eserme and DFP on the spudle 1 unspeaibe.
The fact that mi ] 13 active 1n as low 29 3 x 107 sogrety,
however that thn compound mav have a specific acton. Whatever the ex
planation may be as to the precise mode of action of the inhibstors, the foding
suggest the exmtence of an enrymatc system involved In the procoses mam-
tainmg the membrane potential of the semsory endmgs.

The effect of anticholinesterases has been studsed in many different typts of
!dnofycndofglm.lnmoﬂoflhanno:ﬂ'a:!hﬂbctufoundwhﬂchlft'
typcsmmmcdlcnwtylnlbemdmmnuiﬁm,ithubtmm
that esenne augments the activity of the chemorceepton of the caty carond
sumus (LAWDOREN of al. 1932) It has alio been demonstrated that
mnnxa!hclcﬂwtyu[d:cuneﬁhrainthcqt(lmmﬂilgﬂ) One
mynkwhythmmmdom:hwmeﬁmmummd‘
lmmfycndorglm.ﬂ:caphmuonmﬂmmwbcmnlhcinhﬂ:lmhm
to reach the active wtes in suffiaently high concentrations \dthlnllinntcd:z
uon of bme. endings which are siprounded by i acung
fmn-llhammsm:i“ﬂyonly bes,g;rndmﬂy reached by an extermally applied drg.
Th:wobabﬂnyth-tth:mum—yeﬂ'cawﬂ]beobuhcdbmgradr
mamedmnohmdprcpnuomurinptcpundumwhactbcrwepﬂﬂ“‘
eusily reached by the drug

that ACh parndipate!

It has been pomnted out that there i very little likelyhood
hm:gmanmndmcruponxdmmmmthﬁrphwﬂwb';‘:‘“:
(GRAY and Duseoxn 1957) The resalts obtamed m the present study
‘hz:mumyunbencrmuxwdmm@mdrcadmwrdh
arterases smggests the possibility that chemscal processes may be
the mustion of the dacharge. -

This work kas b axdod by grants from Taexaas och Jowan Axpoxwoe Mieoe T

phosphonmic (DFP) wes Kodly proskded by Merck sod Ca. [

Bouocx, T Hy D Nacnumoors and 3 A
crteraer an the norve action potential, 7 Ayl 1846 8, 3 ot 18381 T
cuu,s.k_,Tammmumk-k\-mhmd-hm&k"'

Cotsx, G and ] Dt ann, Donsé morphalopquer
muncutmre. Ak Bwd (Parw) 1936, 7 685713
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Univenity of Oulo, Narway

So-called Free Erythrocyte Protoporphyrin and its
Posaible Role in Hemoglohin Formation
By
Lxrv Enxsrn
Recetrad 11 June 1961

Abstract
Exewrn, L. Secaliod frw and s pussible okt
tx bemagiebcs formetion. Acts, physiol. scand. 1961 53 286299 —
to the nmo-

i of 25 wg phenylhrd for 5 days, bas becn stodied. The
beme forming capacity of the od colls s related to the number of
reticulacytes bas 2l been studied. All ths data obtained are comipat
bl with the amemption that the mount of free protoparphvrin Mot
miderdllcdebvnmhcrd‘thcmdculocytumwthcmcu(
smaturatron of these celly, The posdbl role of free aythrocytr proko-
procphyrin In hemoglobun formation has abso been studied, and it i

n pot

been shown that the maln pool of protoparphyris
ot free profaporphyrin,

carly hile pegrent fruction found 10
pheral blood of

Itbhlongbcmbmwnt}ntdlaayw‘:md‘:ptﬂ
nammals do contain smal] amounts of free protoperphyrin {van pix Bad,
Guorerass and Rexvens 1932) Szooes (1940) was able \amwxﬂm
POTPhYd“““Pfﬂmtian:onusulruiﬂmmdngmpmnde\l o~

yescente speetrum Kenteal with that of protporphyrin. SeoarLalo
cvidente that the number of protoporphynn contalning cdh.‘b‘l"“ﬂ’d
fAyorocytes, ncreased 1n ancmus and condlmam characterized by an i

288
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i of young red eclls into the perpheral blood. Wamow and Crasx
(1937) first amamed that the protoporphynn contauming cells were the reticulo-
Y. However Wamnax Later partly withdrew this pib ing that
the floorocytes although young cells, were not identical with

(Wanax, Garetazx and Hawkosox 194) Scrrwaxtz and Wxorr (1952) in
keeping with the later results of Watson and co-workens formd no correlation
between the amount of free protoporphytm and the numbser of reticulocytes in
the perrpheral blood However nelther Wamsax et al. nar Scrwantz and
Wixorr did control that the population of reticalocytes studied actually
could be compared, and mnce t has been shown by a seres of authors that the
rethaudocytes may exint 1n the Hood up to 4 days {for reference see St 1953)
it gt very well be that the age of the reticulocytc may be the factor of
ﬁ‘!nnnc:ind:oenndhuuimnhemu-lnmbcofmknla:yia.

The poudble role of the free erythrocyte protoporphyrin has long been de
bawed, and it hus become more and more probable that it is in some way
directly related to hemoglobin formaton. Gratex (1954) presented indirect
endence that protoporphyna added to or accumulated in young erythrocytes
@n be otifired for heme formation. Since then a senes of authors (Exmoex
195, Kxrooes, Mroam and Kime 1956, Mmaxas, Yowevaua and
Yorrmawa 1938, Nrupa and Lassz 1959) have shown that added proto-~
Porphyrin b readily wtikired for herno formation in a scrmes of different systems.
However Darser and Farx (1936) found that tnlabelied protoporphyrin sdded
hodﬂckmbc:m}yw.qwuumbkmdﬂmubehmpcndwot C into heme
fom different protoporphyrin precursons. They concloded that
*=ilar 1o uroporphynin and coproporplnytin dots not fie on the pathway to
heme but b 2 side product.

pe byrln is relatively insoluble ¢ the pH wed by Dreses. and

FAL, therr finding might be duc to macomplete muxing of the protoparphyrn
Added and that formed by the hemolysate. However In view of our own finding
that the non-heme protoparphyrin of rabbit renculocytes was present in the
oells in t least two metabolically dufferent fractions (Eancume 1955a, 1936) tho
Powibility wrose that the two protoporphynn fractions found were not, a1
l“ﬂ'ﬂ'ﬂtdntuxumc,momp-mth:wmlfmnond‘hunc,hnthn
9nly 0o was an Intermediate and that the other was a side product differing
from the true mtermediate elther in it chemaeal propertics or in Its localization
within the eell or both.

The present Investiganon was undertaken 1o get more information on the so-
lled free eryttrocyte protoparphynn and 1ts role in hemaghobin formation.

Sbtatoed from rabbita made anemic by dally aboutancoas myections of 28 g pheml.
Irdrizioe for 5 days and bicd to death 00 the Tth dxy &mmmm?w
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by centrfogation for {5 min at a speed of 2,000 £

P- 2. The celb wrre wathed aoce

ﬁ&OB%Naﬂlndﬁmﬂymmdcdmmv&umdﬁ.B%Mﬂ.m.wm
in all the incuh described

where otherwe has been stated fanabats

Mmmmmmmdmmhhencdhthcudmylmunq‘mk)'
the methyl group (10 mefmmale) with °C, and fertic chioride Labefled with ®F
(50 mc/g Fe) Tber.dh.cdnmhuncum:obdmdﬁmnm&nﬁ'qm

Protoporphyrin and hemin were extracted from the retculocytes with ethy] scetare
and glacual acetic sad 4 | The free porphynm were brought out with 3 N HO,
fracoonated and punficd in the wual way (Exnone 19561 The amount of free proto-
porphyrin was estimated nccording to Groamm and Wocraosz, ((948) The kentity
o{ph, T m{‘g';;)'r;; d by means of sp h and paper chromatot-
) (Exxarn speafic activity of free protoporphmn was messred ©
descxibed chewbere (Earcsen 1956) 7

Hmhmhmb!mdhtmﬁmmmlﬁ.mllﬁg

plete remaoval of all free porphyring with 3N HCL The bemin vas
Gcation with mpall amomnts of cooctntrated HOI, wasbed with 2 N HCL and datilied
water purificd, plated and coanted a3 dexeribed m dend) ebewhere (Eauarv 19355,

1956)
In some cxperiments io which %F was oed a3 tracer for the labellng of hemr, the

bormm prepared as describen above was digested and the broa plaicd dertrotynclly tod
counted as described elsewhere (Exrcoen 1955 b, 1936)
mmm:mmmwmmmnwm&hm
crervl hlue, but after wiahing with methanol and restuinkng with diluted Caemet
wolanon, Tha was dooe tnce ¢ wes found that the drrect trehmaque gare to0 kigh vk

1n phemylhydranme posomny (Fanao end Jacomees (960}

Experimental and resalts

The relation of free proteporpipnn 1o the mmmber of retuwlocyies 8 rabbits e
myected sub y vith 5 mg phenylhydrazine for 5 days. The number
ofrcuculocy\ulmilhcnmmmtoffmcprmoporphyﬂn\mwfd’uh
day at 10 o clock in the morung prior 1o 4 new injeciion Since Scinwaxt2
and Wixorr (1952} found no correlation between the qumber of reeuocy el
mdm:mmxuﬁmpmmmmwx.mmwd-m
lylﬁxmp’opufphyrmnndlh:nmnbcro(rcmmu“!‘bwmﬁm
amount of the 0 | N HCI extractable porphynn which was peesent 12 e
msmxl]lmmmnupcfph\nnmm(uﬂlcdfarplmlfbypawcw
raphy however the porpbynn was insofuble in “‘:h:sﬂ“
Brought out of ether vath 01 \ HCY, and the spectral abnorption fere
band was wdenucal with coproporphyrm so there i good reason ©
that we actually are dealing with eoproporphyrin.

As seen from Fig | mmn:goodmnﬁamnbcmmtbtﬂu‘:‘wd’cﬁ
ulocytes and both protoporphyrin MW“P“TP*‘Y“W“'"""D‘_, k0
afl of them on the 7th day However the increase m the mumber eria
from the 6th to the Ttk day 1 far less than the ncrouse in free proioper?

and coproporphyTin.
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Fig. 2. Heme forming cxpecity of red ceil from snesc rabbics &3 relaced W the mumber of
. “The rrd celle were mmpended v 2 voi 0.9 \aQlighyeine (0 03 A0) and incubated
acrclacally with #C-acetare &3 tracer
= c/miafmg bemm,  — per ceat rroculocytes

Heme-forming capocity of o colls from oxom rablits a5 releted to the mxmber of
retwaleoytes Rabbits no. | to 6 were Killed oo the 1st, 3rd, 6th, 7th, 8th and 9th
day The wathed red celh vere uspended m 09 % NaCljglyclne (0.03 M)
and Incubwted m air for 1 bour w th labelled acrat 1 tracer and the speafic
activity of hermn was measured As seen from Fig 2, th maxmmum specific
acirvlty i reached on the 6th day while the mavimum of reticulocytes s
reached on the 7th d y The rddatrvely sow drop i the specific actmity of
bemin thows that the ability to syntbewzt hem  from dmple building stones
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such as acetic acd 15 not speafially hnked to cells having substancla
grapulofilamentoma™ burunpropatyoftbertdocﬂn'pmlwﬂiﬂmed
maturatwn. So far wchn-cnomcn-ptnbghlmnmw;dmdfylhtxtdh
bowever 1t mmght be that if the renculocytas were chnified accordiog ©
Hmm“('%l)ﬂhdﬂm'mhttdmtbclbuv:panmdmm:\mu]dbclbk
imduﬁfythemuardingmlhdrmnndhxbumnlpwpaﬂa,mdw
" get some marphological reference for the biochamical and phydological prop-
ertics of the red cefls in ther eaxly phase of rmaturation It seems quote car
from the above results that the number of reuculocytes could oot be wed 232
rdamnd'haforthcmmmtof&mprmopaphmnmrlord‘tﬂﬂhyn
synthenre heme.

The stilitetion of preformed preteporplrin for heme formatuen oot bals crll gyrions =
ritre The pomible fate of the protoporphynn accumulated 10 the young cels
usotnmhw\nItm;ghtbcth-tuh-normalpccmmrtobcntlnﬂb
nﬁﬁudfabmnghbmﬁm.mnmwtapnmsﬂmammpwﬂb
xupthdbth:ﬁndm;afmeo\,Smdexﬂﬁmu(lm)M
that hemoglobin £ coa n the retculocytes o the
b of the rablat, Susnilar fiedings ba ¢ bee reported by Ruzesrent 22
Oasta (1957) 1o the .

Hm(\-n"zhxclhzrtﬂcukxylumfunyap-b!c\omﬂﬁ&fm‘b‘

mh,muﬂzheghhnpmafhemshmnrmmd-nm»'em'”




o P =
¢ .
- —Br-A ,
" ’ o S
! 1 F'e ,’(
/ H ,
/ ! [
! L
/ ! ‘ )
t *,
! !
1a 1
I/ a :T
i

® 10 d0 o B s N & b o & & mim
4b

*mhzmmdmmmwhuﬂkmmd-r e
rabbit retcmiocytes mmpended fn 2 vo 0.9 % NaQlfgtyeme (0.09 ML) and incubuted
e, The ecile had beon preincubated acrebically in 09 % NaQl with and without addition
mmthmwmmmdmem
seric A—;—Anmt. -& cfmin/kg proto, +-  — cfmam/mg *C-hemia,

Honglyeine ha
. i B g proee, O (1 frd e prokey X cfminjrg #C-bermix,

lré’;

0 aeetic ackd and the free amino sads (Rxom and Boxsoox 1956 Emmxyew
1857 Nmer 1937 BlormL, Savore and Lowpox 1938) ¢ might be that the
Protoparphynn present in young red celh differs from that of the true mnter
mxdiatem b localzanon or its chemeal propertses or both. If preformed proto-
Porpityrin lay on the pathway to heme, one would expect that the specific
activity of heme should follow very clmely that of free protoporphyrin, and
cells mpended in 05 % NaCijglyane (003 N) conwmimng 2 ge methyl
habelled acetate per 3 m! of cell, vere incubated for 60 mun in air Samples
were taken after 0 7 la,!JuvdGDmm.mdLhenmoumafﬁ-n:pmmpa-phm
25 the sperafic activities of free prowporphynn and hemin were measured.

At peen from Fig 3 the amount of free protoporphynn mereases mpidly o
approacmately 5 thoes iG rero alae in 30 mun, from then oa the increase b
anly dight. The curves (oc the speclfic activitex of free protaporphyrin and
19613015 dcte phycel seemd Vol 83



204 LY TR

hemin are not conutent with the assumption that preformed protoperphyria 5
mcnbohmﬂycqmlm&cmlyformcdmcinmmﬁdum,mnndﬂmdm
more than enc pool of protoparphyrin (orrpmwporphyrmprmmmmmcd
inioprompmphynnduringlhc:xhwhonpmctdm)hm!hth:m
and that only onc of these i utilized for heme formation.

"To teat this possibiity 2 bottles 40 ! of the standard repeulecy
suspenuion were incubated in wr Tobon}clglydncwn;ddcd{nopml
concentration for protoporphyrin formation (Exmcun 1956) After 30 min
lnwblmmthccel}s-mimcduwmwp:nmdbycmu'{fngidmamimcnﬂs
mezmxmaaoagmaﬂmr«ﬁcmm@wm
ccnmt&onforbzmcfbrmxﬁm(ﬁxml%s) Four scries of bosttes, two of
which contained the colls preincubated with glydn:mdtwweomﬁﬂnsw
odhﬁom&mnmgtydmmcdmm,mnﬁmhuinmbﬂodhmtnm
wcdmrhoﬂlhbckdac:urcand“?cufmchmmhmblwﬂm
stopped after 0 75 lﬁnndsomm,-ndthcamounuoffrxpmwmm
and dw;pcaﬁcacuﬁuuof&mmmhmbanlﬂwdwm“m
measured.

As seen from Fig 4;,xhz.munto{fmcpmmporp!nﬁnmxhcw&prw-
mdmmgmeummwwwmmemmwﬂ*
mmmmamm:ormwmmphmww

t throughout the second b Thus of prek 'dwwh
andmﬁhmgmmmmmtmntdmw
must have been formed. oy

m;mnumdhamformainpdg«i&omﬂx;mmo('hw
1x equal m both senes (Fig 4 o) 3 the specific activty of free FEROP
phydnﬁnmxhcmng}ymccdhunppmimkdym"‘h““mm
= from cells peeincubated Mmgrydmifwd«wdpmmpw“ﬂ‘“hm
* \\mcqnﬂyurﬂumnedbthmcfomlmnn(MwﬁYWN
mediate, the G:cdw‘vofdrchanmdmuldﬂg!m“i‘;mcmyn
the free protoporph: However a3 seen from e
of the am&mdmmwammmmmdﬂﬂ*@‘z
tower in the non glycme senas Thmlhcxpe:&lc““‘yd&‘cw“ ]mm
muﬂmxbcmdnamwmcdthctpmﬁcﬁﬂwﬂr‘h‘m:;}npdd
Itufmhm’ubﬁomdut(hemwimcrmcdnmb‘yp”’“‘h‘
pfoloporphynnmw the speaific act
lnanmrd:uvdynpxdntnxnﬁ\:gbmmml
m:hcnmaumofﬁrcnpmloporphyﬂn,“m‘h‘“mna‘ batioft.
mtm&wﬂmtmmmdmmcmw

Hmjmumummmuuma

Shihity that the onl difference beiweed
Tmpczc herne forming :)y-m:n. outd fit better w th W'!::‘:rwum [

e $Clabelied protoporphytia i resdily S0 el
rabbit reticulocytes in o (Esoncren 1956)
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Takle I Facor BF oud disepp of preformed proioporpiirin in hesmedy
Inbatod 14 a7 or & sirrem of N/CO
Towh | Atmcsphere  cfminfmg pet exmt MT In pross
Y hemia F frcoep, e . per cem of
scroble drop
L air 1,78 160 234 100
® NyCo, 2212 118 1 1226
To test this pomlbility lysates of locytes peeincubated acrobacalt

y for
%0 min n 0.9 % NaClfglycine (003 M) were prepared by a metbod tly
different from that of Dresel and Falk (1954) and incubated in two series with
“Fe a1 tracer The only difference between our method and that of Dresel
10d Falk was that the cells were lysed at roam temperature wstead of at 0—4 C
® wzd by thae authors. A hysate prepared in this way has lost ity ahility to
syathaze protoporphyrin and heme from scetate and glyane, but is still
eapable of forming heme from tetrapyrrobc intermediets (Exmaex un-
publithed data)

Serks | wwa incabated in air and teries 2 was Incubated 10 a straam of
commeraal NyfCO (95/5) The amount of free protoporphyrin and the specific
ethnty of hermn fron wero measured at xero tune and after 30 min of tacuba-
o1, As scen from Table I, more heme has been formed In the NJ/CO serres
than in the acrobie serics. In both serics keme formation ns followed by & drop in
free protopoephyrin, and the drop b higher In the Ny/CO series than in the
roble aeraex, The incorpocation of ron and the drop in free protoparphyrin
1n the N\/CO aeraex in per cent of the chianges in the acrobac series are approxi-
wately ldentrcal mdicanng that the lost protoporphyrin has been wiilired for
heme formation. The results also support the above suggestion that the meta-
bo&dlﬁ'crmt:bctwcentheprnwpmphynnﬁtcﬂomnmd]ﬂihdu:m!he
localization m the system med and not to chemical difference between proto-
Porphyrin and the normal intermediate.

Since the NJCO  tmoiphere secms to favour the wsertion of won into
Protoporphyrin, the pomibility exhited that heme formaton from preformed
Protopoephyrin might take place even in whole cells in a similar atmosphere,
204 experiments designed to test thin porbility were undertaken. We soon
hmmtwmmmmmammmwwmmud

were formed, while with a gasang procedure identical with that used In
the above experiments, won was utilized for heme formation cven better than

I alr However the drop in protoporphyrin was small and far from equivalent
% the amount of heme formed. Thus the heme formed could not be duc to

wilization of preformed peotoporphyrin, but must originate from the newly
rothesized Intermediate.
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Toble I Incarperetion of “*Fs and ‘C-acrials ixte bemt ix kbR
retxalec) tes sutemded ix 2 rol. 0.9 % NeCljtwins end incwbaisd
natr oo Mroem of NyfCO for 2 heurs

Atmosphere cfminfmg cfminjmg w. act. 9Fc
Cpmitn | bemin™F o
bt 10
slr 1000 18,460 1846
N [CO, 122 20,585 1963

In Table IT the results are given of an experiment designed 1o establish the
ponible origin of the newly formed heme.

Four senes of cclb nnpaxdcdanQ%I\aCl/giyd.n:wu’eanu\mcdi!
2 hours, Series 1 and 2 were incubated in arr and serbes 3 and 4 weve incubated
in NyfCOy As tracers were used ! C-labelled acetate and #Fe as ferric chloride.

As seen from the table, the amount of heme formed as fudged from the amomnt
of iron incorporated 13 approximately 10 per cent higher 1n the N,/CO weriat

ummpamdmthcumb&c-uiu,tngood-;mcmmtwithdmﬁndmphtbﬁ
n has increased

expertments with hemolysates, However the C incorporatho
to the ame degree, and the mto of ‘thnﬂnfhmin-'l’ehidmuallnbﬂd!

;cdcx.Thmthchancfoxmcdmmhawlhznmcmgmmbolhxﬁa-
The N,{CO mxxnn'cwufoundmmnmnlmmhms}mcmtuxnmmd
the incubaton bottles were flixed with the two gumlmm:lfaﬂJm*ﬂ
prior to the introduction of tracer (hus the conditon In the NJCO s
mmbehighlyhypunc..rdcvmundadmcmndldamthchamwﬂt
mmmmp&amnm&mmzwmmww

for peeformed protoporplyrin.

Discusxien
As thown m Fig | d::umcmntnfboﬁ.hﬁ-ucpmtopozp):lyt'lnLndcl’rl"’l’l"‘hc
phyna are closcly related m:.h(:uumb‘:rofr:t‘xculo!:yh::l:-o;:rcd:lﬁi‘:ﬂ‘[”o!‘_Lhc
development and thzrcwruflhﬂvvnnm:\h.}{m
\p lhznhcmllnpunoflbthﬂ’“

amve b pauble with the
phyrms & peesent . cells of an Intermediate ratration state, "hd]“‘.ud
cxplain the findinga of Warson and Cranxe (1937) Wanon etal (196}
Scrrwaxtz and Wmxorr (1952
Thnpddmpmﬁ'n(:poqlhyrtnﬁ-nmlbe7dlwﬂrc9ﬂ!dlyﬂﬂﬁh*b‘d“
aither to utilbration of the
b,pum»mmu.Smrculhﬁminﬂx 3and
onlypoorlyuﬁ]bcdforhancfomndonhv’luo
delcma;boﬁlumchu-ccdclndgouonvdtham
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snce preformed protoporphymin B incapable to dilute the incorporabon
d"C&mn.ddcd-c:dc-dd,lucummmnblcmmmnhuheminm
nedhl:mapmdmgmprmu-pm'phynndxﬂ'm&amptdorm:dpmmpor
;l:ymathuhlnmufMuonnrhluchmulpmpuﬁumbo{h
Added protoporphyria Is readily utllized for beme formation both in whole
mﬂsrunm(hmlasﬁ).ndc:ﬂ&tcmzm(hmnctnll%&,Gow:uo
et al 1936, Mowxaw et al, 1938) thus if the true wtermediate does differ
eermeally from protopocphynin the latter must be casdly converted 1nto the
ﬁmn‘mlnmdluncmdynmpklhtwnuthcbopcrcrmmﬂum
aitfate fraction of cholate extracts of the imsoluble part of duck erythrocytes
dexcribed by Kagawa, Moxaxsst and YoxXEvaua (1958)
Tllobcrﬂﬂ.mthnth!gh:rlmﬂtxcfttmﬂmfdmﬂdwbmtb:ma
csbation b performed 10 a stream of NoJCO (Tahle [ and 11 and Grawcx,
‘m)lnddmﬁndmgufmnllmhondutruiudngmbﬂxnculud:u
opticine, glutathnone and ascorbic acid increase heme formaton from proto-
porpyrm (Mzeaxaua 1958 Mpraxawt et al. 1938 Gorpzrag 1959 N\muma
aod Ly 1939) might suggest that some reduction of the protoporphyrin
nﬂ:mkhncct-n’yforlheuﬁhnmnmhmcfomlmﬂmu asshown
HRAMWA:&:L(lSS&)thm:wmpamds:c:mtuphynoml:urcductxnu
Delther for protoporphyTin nor for iron, but to protect same canly oxidirable
F“"Pﬁmmpo\md‘ndxhuncﬁ)mnngqﬂcm.lthuahuh:nlhmmby
Amms and Lansz, (1959) that protoporphyrin ts more readily utilized for
beme § fon than protoporphyrin 10 cell free systems.
Mﬂfhﬂ"gh&equwbnunmbenldmbcm&d,thncv-dmb
b5 Brvour of the ashumption that protoporphyrin 1a contrast to other porphyrins
B2 troe wntermediate §n heme formanon, od that the non utilzation of pre-
formed n due o the localiranon of exces formed protopor
Ph“h‘hlbcmtcmltudwd,mmmpuanwbd:bﬁvuumdbyouxm
finding (Table ) that in drmrupted celh preformed protoporphyrin  readily
utilized for heme formation.

Emce the cells tsed in the above in vitro expenments most pr bably are a
Population of celh of different maturation wnd thus with different  bility o
Rrm porphyring and heme, t becomes dufficult to deade whether thi com-
l:mhnmn of protoporphyrin can occur within u single cell or iy due to
“ﬂﬁﬂbumu of protoporphynn berween celbs of different maturation. How
ol Dxra end Favx's obsarvatlon that protoporphyrin added to hemolysares
‘hng:ﬁ!m:dtlaiviqlnmrpmncdmwhm&omd]ﬁ'mtmlddcd
“ Lysates are prepared m such 2 way that the beme enxymes are
m.,lm’d In the pardculate matter (Dxmxe and Farx 1936) indicates that
Tl n does occur even 1 non cellular systerm, and
bnmdnk with clsewhere (Exmuzx and Esuxszx 1960) indicate that the
‘ﬂs‘:nlnduﬁllndonofpmtoporphydnkrmﬁ)fmdmhmnm:d
particalat matter of the reuculocytes, and that excess formed proto-
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porphyrin diffuses out Into the soluble of sod

available for heme formaton. past of epoplum e
The fate of thus mwpozphynnhdh‘nnmfarunkmmbuhpteﬁmury

1vestgatons SUggest that the ultimate fate of excon formed protoporphyT B

the breskdown to bile pigment or refated comp ds, and the pordbility et
:}utxhcnocnl}cﬂ w*y“bikpgmmthﬂmformcdmdn’mmklhh
loban b } in il (bu*mo"(ct:LIBSO Gray “Erprzoix

snd BxeaTs 195:0) doconginfmmth!spmmporphyﬁuhnbn,mdawi‘
muduignodtotm:}xhpom’hhwuempmgmnwrhumuu.
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The Effect of Cobalt Ions on the Biosynthesis of
Hemoglobin by Rabbit Reticulocytes in Vitro

By
Lerr Exmsen Noxa Ermoex and Syrorove HAAVALDSEN
Reccived 11 June 1961

bt on the Pusmibesis of hemeglobzn by rebbit reicalio o a sitre. Acts
phyziol. scand. 1951 53 300—$07 — The effect of cobah jorw on
the b besis of hemaglobun by rabbet retiouk fn vitro bu
been stodled. Tt 15 thown that cobalt jons 1n coocentrations of  p-
wumtldyll?“h[nlmcnmplﬂdyhhfhltbcfmlbﬂd
heme, while the formation of globm b unaffected or shghily st~
lated, The inhibitmyg effect on heme farmation b found to be due to
b the & of the v L d inheme
: whilc the shon of the 8 arboxylic M’L‘m"f
stepwixe decarboxyl and finally debr L

corpuration 13 wnaffected. The mplicanons of the  bove findings for
the underrtandimg of the HFect of cobalt jone on the erythropobens are
drscvased, and it . sggested that the polycytbemia induced by cobsh
loos may be duc to & toxic effect of the metal on hamoghobls
formanon with -:cnnduynlmuhﬂmd’rcdcd][mnnkm.n

I‘h”bﬂxmknwnlha(m!nltnluwhmldmmmﬂtdhnnlﬂ"ﬂmd:
mmuptnmmu]mlmk,mmdmhpmmlo{-pof}cﬂhcml&bczpm
effect is exerted B pot known dlhougblla)ﬂofrugzﬂlhmhxv\:
forth (for details see GraxT and Root 1952) o

The finding of MoxzLL, Savore and Loxooy (1958) that cob:l‘:l; loulsnz o
concentrations do inhibit the icorporation of C-labeled ﬁ,}c;l
hcmcgmupofhmmglohnmrcdboncmmcdhluﬁtmu e ! }ga[w‘m)-l
ration of glydne into globn was unaffected or alightly sdmula

300
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mierext and mught grve soene clue to the understanding of the effect of cobalt
@ the erythropoicis. If a3 asumed by Moxrry o o. the decreased

o of added ghyrne into heme actoally represents a decreased formstion of the
beme groap the finding of Goroy AmER ¢f af (1937) that the erythropoictine
tner of plaxma from cobalt polycythemic rats is increased 1n relation to normal
&t plarma, might be due to the formavon of red cells poor in hemoglobin with
xeendary merease m the erythropoletine titer Slnce however Mowevetal,
oxd oaly  Clabelled glyane as marker it could not be definttely stated
“hether the in vitro effect of cobalt observed represented an inhibiton of heme
Jormaton or whether ¢ only meant that the utilratron of xdded glycine for
berme frmation was inhibited, while heme formation ax such went on with
wmaltered speed. We therefore mndertook the following expermments to get more
definrte mizrmanon on the effect ol cobalt on hemoglobin biosynthests

Material and methods
Reticulocyte rich blood was obtzned from rabhits made ancmic by dally injections
of 23 sy pherry rydraccine for 5 days sod killed oo the 7tk day
The incubstion techmique and the uacd bave been doveribed m details
coenbere (Earxwx 1935 u, b, 1956)
At tracens were wed giycime Labefled In the oty | group aad acctate labelled n the
xrbory] group with 14C, and ferric chionde labelled with =Fe. The rpecific actrvitics

o the tracers were gheme 2-4C 2 me/mmote, acetste 1-C 1 mc/mmole xnd FeQl,
O me Fefy Fe. All the wotopes have been obtained from Amenham, Eaglind,

Experimental and resulis
D) The (et £ Co om the crorporation of glycrne-234C et heme exd gisbin
Two scries of bottles were meubated mn air for 1 hour at 37° C. Each bottle
coatained 5 ml celly mopended 1 2 wlume of 0.9% N\ O+ 2 xc O
Kiychne - FeCl? (90 g F ) To sertes 2 cobals was added a3 cobaltows chlonde
® a final concentration of 3 » 107 \L
At the end of the incubston the cells were washed twice with 2 volumes of
05 % \aCl and lyzed by freering and thawing, and finally dituted with 2
volirnes of distilled water The lysates werd span in the Spinco for 90 min at
400001 p. m. and the sepernatant ued for hemm and globin preparaton
Hezun and glotan wer  plated and counted in the usial way (Exmrx 1956)
and the activity calcolated in 1nfintely thick layers.
Asseen from T ble I Co— almost completely nlubuts the incorporation of
theine Into heme, while the incorporation into globumn s slightly stimulated
I3 complete accordance w th the resuln of NomrLt of of. (1938

2) The fect [ Co ou the incorprgtonn of UF €nd *Cscrtute tnse hems
6 umular to those described  bove were performed. Homever as
tracers were used carbovyl labelled acetate and “Fe labelled ferric chioride.
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Tabis 1 Th(!“d‘"hhnlkhmﬁ-ﬂ..{
Mdmmhu,uﬁbm
143 1n 100w

Table 111 Th:j'-:qy’:-hn-l&fme’ﬁ*
Srtoporpdrrm by byt retunlacstes m viry
Tt rn | g prosoporphiyein

Co control

o 8.1 58
] | 65 s2

s

A:wcufmmTlhlc]! Ca'*l]_m“zr——r' fy inhibity the {ncorpe
ofbolhimnwdmtcmmhmc,thmlbmu\n—ygmdnﬂm:d:
lmmpmﬂuxlhedmxdwﬂonofghdxmwhmcdbﬂ;’m
Monrriy of of Andmlhclbovccrpaimcmbdncm-mln}ﬂhlm
formation,

3) The effxt sCo o the formation of free profoperphrra o
Celly swpended 15 0 g NaCliglyane (003 M were lncubul:d“i;:’lm
uw-mmufﬁuprmwrhymmmnmnmﬁmmdmmx
ofipcubatian with and md’nu!colaluddcd.&mﬁuanbl:ﬂLm i
of free protoporpl yrun 1y slightly lower afier ) hour of fncuba o
7670 mein the o balt serey while 1 the contral the amount of protoporphy
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Tak [} The it of coball sm heme formatrm b7 rebbR reticulecries fu rutry schen ‘C-lebellnd
Iroinguricrre has born acoowmmlated w the cells priae to the additwm of coball

Time Serr g proto Jminipg  'minfmg

- ‘CHeam  HemfoF

! Cleprenc 09
a3 gyeine (0.09 31)
+1 uC acrtate 12 171 1805 -
Comtrols

®»  we, 158 1342 787
r=Feqy, 45001
Com 3x10 1
T Fe(y, 23 1734 1794
TV ey, 1500

&) Th it of Co** en heww formation when fies proteporphyrin or ather possible titre-
Mﬁrﬂﬁmhhfmhmhaml‘ululhaﬂ:pwhw
i f cobelions cilimide
m‘ﬁxhidmpmth:mmumofﬁuprmaporph}ﬂnmd-emhhmm
‘hm@ahnmt,mxghtindwncthnmcof\hcprd'orm:dpmw-
mbrrinh:dbcmumhdrorhmrmmhmmhpmnﬂmm
Xpermment was
Celit sexpended m 0.9 ,, NaCliglycine (0.03 V) vith  Colabelled acetate
U acer were incubated for 30 mun m ale Under these conditions the only
Powible tetrapymrofic intermediate in heme formation habelled with G and
Mhmbkmumdncdh.ﬁudxmhuuu\wuldbepmw-
Fm(hmml%su,l%eﬁnmmwﬂu\mwﬂ)\
¢ the end of the incubaton the cells were centnfuged down, washed twice
42 tolumes of 09 % NaCl and resuspended 1 08 NaClfglyane, and 4
s mcre meubated further m air for 30 mis. To seres T and 11 macthee fric
%‘ulddcdmdm-abnlund“fmd:mdchbdkdmth“Fc.
hlmnctnmumoflmnlnthgmcuhnmbo(dawuﬁmitngc.

T
!i‘::il'-lmlvmmchhr&mnddcdm-ﬁnummmumd

Tmoung

mﬂfﬁmmmpurphyrm-ndthtrpecﬁ:udﬁduufﬁ'&prmo-

n h!mnwmmnmmdbchcmd-ﬁulhzmndincubndou.

hu:mfmm'r.hmv Do or negligible amounty of heme have been formed

B Nnjh-u-lu.“}nkmhemnml.mtmumlmmnmhnbcm
L.}

g 3ged both from the amount of #F 1ncorporated and the increase
*Pectfic activity of *C abelled hemin
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Table T The cffect f coball wn honee foresstrem by nabbit retimecy et ox oaire mhen UC-labelled
£ dg so wre- amd brm by bocx

copraperphy rieisd in the s pror 10
additren ¢f cobalt v o~
Time bn | Scrbe Atmew- | Type of porphyrim fowod | safg
ma phere Henin

wro o ’P“'-‘“’
0 Cells proioc. in plamna /gly-
cine (003 30) + 144G~
acctate, N fCO 24 4+ 2+ 185
30 Control sir — e (33 1m2
Co*+ 5> 107 r — s 6+ 133

As shown in the preceding paper (Eamaex 1961) Fucformcdprmopﬂfpb)‘fh
isonlypoaﬂymiﬁzcdfmhcmzfmmlmnmmnmmdthctrpcwdm
thucapaimmu.nm,mlhonghuobdtmyhhﬂﬂ!h:famnﬂoﬂdbﬂnﬂ
from oo and the truc intermediate corresponding to protoporphyrin, ft msh
upcmﬂynnc:ﬂxcdmplnlh:qxdﬁclcdntyafﬁtepowpdphymhﬂt
cobalt geries is lower than m the control, have an inhikdtory effect at sunc
earhier step 1n the sequence of events leadicg to heme. Informaton o
posable step m heme formaton wnhibted by cobalt fons was sought = the
following way

Celbs suspended 1n 2 volumes of plasma/glyclne (003 M) + carboxyl Labek
Ted acctate were incubated for 60 min in & stream of N,/CO contatning approc-
mately 3 oxygen. Under thee conditions ntermediate ltmp‘)‘fmb‘“‘;;:
ﬁum&—ﬁmbuxylgmup:wﬂlammuhtcmlhecdh(ﬁﬂmlg”"l
Esxrcaex of ol 1960) Atthncndofthclnwb-ﬂWdh:ndphmmﬂ
1ed by centrrfisgaon and the cclls wahed eics with 09 % NaCLThe =0
plnol'thccdltncn:nn-pmdcdinZvohmn:ufOQ%\lG/gI)'d-"‘(Um
mnmmngmufmch}mdcmnwnummﬂonu(ﬁmﬂhwm

wudmdzdmtozsmamdfmlhamcubnedlnmfmm“::
Toon:ddwmwmhltm-ddndumbahommwwlﬁn‘-lf"”""”
wonof 3 ~ 107 AL

The speafic actraty arhmmmmmedbdm-ndmmb"ﬁ:‘
mmhummmm-mounldmc&wmmmbchmh‘“:’ﬂ,
measured. However all the intermediate tetrapyrToles wert extract i
cthylacetate/glaoal acene acd (4/1) and comerted into P"‘Ph’“;.uuk
scribed eewhbere (Enrmsex 1956) Thcporphyﬁm‘m:dsofhtdm T P
colamans, washed and eluted et 10 o NH eecione (37) appbed © P
and chromatographed accordmg to Ermsex (1953 fom

As seen from Table V tetrapyrroles grang nse 10 porphyTiss hl.n‘:l‘lﬁ""
g.—zmbuxyﬂcgwup’“mprmtmlhccr_ﬂlpnoflolhtm"d Incab
ncl the ol porpliynin beha -ed as coproparphyra. After the 36°7 !
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Takke T1 Thw ofiert of coball om the incorporation of Y Fe inte hewe by robbid rrticnkocriss in ruire
e "l ding be wro- Aorin hece bern Leted ix the cellt
o 0ty o of cobal

Toee I | Series Atmos- Type of porphryrins found | /min/mg
LY F

¥ ure copro  proto

¢ | Cell prefnc. tn plasmajgly

dac (0.03 M) X jco 1+ 4+ 24
% | Coared adr — trmee 6+ LA
Co+ 3% 1673 mr — s 6+ 3180

tou the porphyrin pattern has changed completely and in the sme wayin
both weriex. The mam porphyrin It now behaving a3 protoporphynim, copro-
Paplyrin » present n neglgible amownts only and po trace of poephynns
kavmg more than four carboxyl groups are found. It b further scen from the
uble that the gpecafic activitles of the hemim have increased approxmately
30 % 1m boch series,

Since neliher the porphyrin pattcrn nor the amount of the newly formed
heme wre different in the cobalt series From that of the control, it becomer
endent that cobalt bus no effect neither on the conversion of the tetrapyrrolic
mermediates into the true heme preeunsor not on the inserpon of iron mio thdy
To exetide the powibility that the “C activity found m hemin thould be nea-
ental and doe to some unspecific contamimation of the hemin motated, the
GPtrﬁncmmrtpc-tcd,mdu.commlwumtd2scdum‘hjch'Fem
o s tracer The results were completely ientical with these cited, and a3
dm’"’l“T"h'IEVLth.cnmumol‘ln:m.efu-rrm:dduﬂngtheu:mndmculn:iwm
# fodged from the amount of #Fe Incorparated 1 the sme whether cobalt has
bmldd:dorno:_
l&'mwmmzummumw(m
-m.:"m o there n 5o reason to believe that the MC and YFe  ctinnes

beming thould be due to admixture of trace amounts of arohcme oc
:Z“:‘mt.mmmpthnwhhhmlud!duumtmvcrypmbnhhonth:
the above experments.

Discnssion
,ﬁ:iﬁmvmmmpmmwmmanmadum
hmb‘h‘h“ﬁthkﬂxumd“cgiyanempommnmmthzhcmcgmup

bmducd’bcdbythucwmbmudmwtb:hhiblmno[h:mc
%hdo‘ﬂdahnhomdnxthemhﬁnmycﬂwdmhl\onhmeﬁx
Seme 2 10 0 block in the formation of the tetrapyrrolic wtermediates in
‘“m‘hﬂlllﬁmcncppnmtowuwphyﬂmgm,whﬂedxton\m
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of this latter mto the copro- and proto-type dintes und the final 0o
of rom into the latter is unaflected.

The results ated in Table IV and V aho support our finding in the precedag
paper (Earmex 1961) that preftrmed protoporphyTin 13 not or only puerly
umrmmmmmmgmrmunmdmwm
The sbove results alio strongly suppost our previous finding that prowopsr
phyrin and globin arc fovmed by completely independent procenc and an te
taken as support for the asumpion that glotun scts &3 an aceeptor ¥ e
mrmﬂprowporphynn(ypcmmmcdnuinhmcfm&muhmw
(Exmrorx 1955 a, 1956 1937 1960) The latter pmnuﬂtyhnb«nwd
1n detuds elsewhere (Eamxary 1960) xod the reader & referred to this papes

huobkuﬂymwlywmcndﬂmtbcwinwmﬁndmgiwlhc
in whole snimaly, It 1, however interesting that Davis and Froum {1959
fcund&hndxcmdcdlsymduwdinwbﬂtinduud;xﬂwyxbcmﬂlnwm
hypochromic h»dmung(hnthefcrmatbnofncwmdcdhmbsm
than the fr fon of the b tolur molecnh

Samxoxex {1959} kudtbtmhh-dnﬁnhmt«mmmamdamm
increase in coproporphyrin excretian pnnl)dwhh;mﬂbmugniﬁamdﬂ’?
in the hemoglobin concentration 19 peripheral blood. Afier 1014 dap 2
mcwlmﬁmﬁadanhpdAmdmhﬂWmmm
saibcd,nndSmpmnt:dnpondwwnihn:ydtbcwmdm’nk”
heavy metal poboning

e fing of Dawrs ko Fucios (1936) and Saxxoses (1939) wbea 2458
together with ous own hwmﬁnding!,wuldbeukmuﬂfPP“‘r“‘h
assumption that the inereased erythroporctine mn’inwbdl?“‘l)fﬂm:;
deseribed by GoLowassen of ol (1957) 1 secondary to the f“‘”‘”““"‘w
eells poor tn hemoglobin They do not, bowever exclude the pomibBy
cobalt apart from the toxic effect dexcribed above daam-&nalrnh“:
thgeﬂmmz}mmhmmmeﬁxnﬂngmlnd[mwn
needed

Dave,§ Esnd] P Faios Expormestal production o
(e of obalt chionde Frac Sac xp Bwl N Y 1958 33 AT—49 3 i kB
Eamses L., Paper chrommtographs de«ﬁﬁ“m’“‘““‘"
1938, 5 135137 e O
m&kkdaundfmmmmmhrn:;ﬂ“"w
Pocphyrm boeiradhenss and weiabelion Londmn 1933 . 1855 oy
wbwwwlmzﬂmdbdmw;mww"w
p«puym&—(]h-ul-nmsblws —,
Exrmsza, Lo, En m cde sl mver lawystews in poxfyroer og Bre€
Ol Lar oty Py 194

L. The bwmvoibeo £ brcmgioben by reuscocyyrs from £9TRE
citw A Scand, Camer Plymwl Barchbmiom 1937

eotites s



CORALT 0N HEMOUGLOBTY NIOSYNTHEID 307
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From The Institirte for Medscal Blochemmtry snd Phymology Department of Pryadogr,
Unrversity of Oalo, Notwey

The Formation of Coproporphyrin III and I by Rabbit
Reticulocytes Under Hypoxic Conditions in Vitro

By
Ler Exmsen Noua Esuxsex and Svroeove HAAvALDEEX
Recerved 11 Juno 1961

Abetract
Fammx L, N Exixers and S. Haavarsert The fame o @
reporpioos 1T amd § by rabbut etirndagy fes ader kg e comiZiens s DTS-
Acta physol. seand. 1961 53, 308314, — It bas been shown that

b that i b ]
wroparphyninogen 1 1f th coadomation snot lundered mn:
coryme meepnﬂit:ﬂ'md’drhnﬂ

of both the T11 ezxd 1 seraes kg been segested. It 1 further mgesed
that the & of d les of the T serks W due ©

mhibaion ar Blockage of the fomerase with spontancous 000
tom mwopa-piqﬁnqmlu{;bnop@ch;hrdl
! Wlmmm

scrits fovmed by the dexmmar T e
vested by the decarbony lases prosent into ot 530
acrumulation of the latter when the tmagphere 8 changed

porpin nto p
only coproporph Tmogen IIIAndg;:hhrhhypﬂl‘Pbﬂth-
lc-manlwbunkmhmbtm[aundhmm
fyocpers of the 111 seren.
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L2 seor of previom papers wr bave shorwe g0 tetmapreoll o oreadinesy
o == fxmaten o 19 acresmhiss B rabhn reoceoortes ede bvproc
anres by ovory (Exorx 193> 1955 Exmorx, Exmyrs aod Haavasoees
LT

Soer wder phvecopeal condine=s b b man asd b exereie small
o o a1 fmm dree ESeren. aopoppivin preconos Exmorx
Errox 2d Huvaioms 191 a; gy rse 1 Ls copop ims paoers
OD Tadrace amocs of a pophynn bekaeg as the 11 boeer of
crperpioris Frarx 1933 &, Exxrw of £ 1961 2, b the posshilior &4
ot dhete arprrorplTm precrmaons were formed deming the brovymrems
a'E:nTots:&:pamL‘xTcyzcn!rrf&cv:—:pu:cno!m;*u?prﬂm
ln:d&:nﬂx.m.an:n&nz:i::phmghuz:md:b;ﬂv

Experimental and Results
The trimror cwedd £ 15 preperaion of bocd o 1 recdoovns foo s
b bt £ decaT carwtere Eaoars 197
T o wer warpmnde? 22 wabomes of phacea gvme 0002 30 and moe )
xm"—"—‘:d‘xm cecaiog berx Lan ¥ per et aryreL
wmmmddﬁmﬁa}mm
=] =0 porpoeriog by extracoen wrk 3% HQl acxd Excors 1455 a=d

ommel by meas of pager Exros (23 The soe
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= aied o peper e=d ok Lo v oo coproparT, porser
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L of parpkyre
z.dlnum ahcr prea-
a5 e e

I alr (T1). Synrm hotdee 1O

E

Rabbit retmulocytes meubated a1 described above were nupended in 2
vohumes of safine/glycne (0.032 M) and incabated in air for 90 min, and the
whole incubate was worked up on pocphynins {n the uvmal way

Under these condinons all the tetrapyrroles of the T1I sencs would be cox-
verted into protoporphynn IX (Exmsex 1955 1936 Escren d oL 1960,
wbﬂe!h:lhomm\mu}dtwputh:wpoporphynmgtﬂkfd(r‘m
Haavarpsex and Exmry 1960) Thus if tetrapyrroles havmg 4 or wore
carboxylic groups were present prior to the acrobic incubation, all the T bomes
sﬁauﬂbetx-ppaiumpmpm—phywmugmllﬁ:rthcmb‘cmw

As seen from Fig Z,Apprndmtdylﬂlh:papbyﬂnpﬁmtdwlﬂd"
mmhprﬂmtuudwaaxyﬂcpaphyﬂnwhkhhubccﬂidmuﬁd”

# protoporplryrm.
bmxﬂamunuofpaphwimbchlﬂngusm4wbnxyﬁﬂﬂlhl’“m;
'I'hcnn:u:u.\.l-uol'!.ln:velattn»lzam-phyrimw—mn:ryn-na]]-r;dvﬂ;l:‘f\ﬁ“]-“IL
bandle even with the micro technique described ebewhere (Enmizx &
1961 by To get informaton about the komenc nature of the s
witheut loang appreciable amounts of porphyrin, a chromatogram ;; e

90 and chromasographed 1n our homer scpar

(Exroars 1958 by As seen from Fig 3, the spot has splt 8%

two distinct poucompandmgwlhcrllandlmatm;mm‘

porphyrn a3 judged from the colour and flnorescence of the 1pots IP?‘M“‘

mately equal Thus the rauo of IfIII of l‘_h'u th‘”;"wh
fagrmer after renct

= tely eroto ] Thep-ucnctofnmclll |cdm1n!\-‘=""°w

pproxma
a1r most probably 15 due t oxrdaton of the true intenmedia

smcubaton. bt
Toadudcditpmubﬂuyt}unhelmnxrmdbecnfoﬂmtdd“’“‘
serobic wneab the exp was repeated. However 1his hme cob
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it 14
+ VH, onoaed, x > 1

:L;uie““ddﬂﬂmth:mhk neubation bottles to a final concenration

X [0 AL, Cobult foms of thes enmcentration inhllat almost completely the
s of the tetrapyrrolic mtermed m heme [ while t har no
( 02 the eonrenion of these Intermediates into protoporphyrin and beme
BN 1960 Ennesen o of 1961 ¢) Thu, if tetrapyrrokes of the | eeries are
‘%'m‘ﬂﬂﬁcmm:hmhmmmmmm&mmmmbhmcd
A “cnbation and baving 4 or more carboxylic groups.
Gy o Fig 4 the laomer pattern of coproporphyrin n dentical with
nmnwh‘hlbmtﬂmLmdmumgwdmmmm

SEtTapyTrols of both the TII and I senes have been formed under hypoxie
%Tb:lmountufthetcmpynoh:o[mrllu‘lahmandymnu
e 0 that of the 111 semen,
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Discassion

As shown by Booouan (1938 two different enrymes seem o be peeded
!brthccam'crnonofporpbobﬂlnogmlnmuropmph)ﬁmgmlﬂndm
(porph:blﬂmgmu)giwngmcwxpolymm}cmlhnddcchqum
corresponding to the I seriey, and an “samerase drrecting the fimal comders-
tmnmmchlwn.ythl(cmc(arlhtee)ofdtcpynulaummrdwﬁwaidr-
chaun sequence of the IT seres prior to the cond into uroporphyrineg

Umpmphyﬂnngmlunnotbcuuhmdunmbsml:fortbem
(Alavzexats and Graseck 1958) thas jt b yemsonable to armme that the
eubstrate is an openchained tetrapyrrole with 2 sidechaln sequesce cone-
Lpobdurgtath:lmu,mdwt:dyxfﬁm&mnmxndmmyﬂbfh‘
{Gramcr and Mavzesars 1956, Booy and Roaxoron 1957) oc fonted by
accmuhuanofpmdmuinthcnbovcupmmmu,wuldcmdenzdﬂ*
ally inte uroparphyrinogen I

Since the woporphyninogen deensboxyl pousible for the
ofwopwpkynmgmmmmpmpwphyﬁnogmdaamtdminmﬂshbd‘mﬂ‘
different womery (Mavzmmare and Grawex 1958) any wroparphyrioges §
fﬂmtd&mddbemedwhemnmedintawmwphrml‘m
thb&mkmmmwphmnfmmmdmwh,mkxduuddmd"
acolbic incubstion, umilar to what bas been found above.

Chwﬁudmpmaybeaphlnednomrdmgluth:foﬂoﬂwm“m
porphynnbrmatbn&ummbob{hnommg 5)

According to this scheme the Bomerase acts by blocking the free a-carbon
innngAmdloosmmgmchnhgcbemcmwodumrhunudlhm‘*:
}cnebm:lg\:cnrbum,-ﬂmvmg1heAnngwrv;nalcmdth::117e11'n‘l¢ﬂ€‘5“¢""‘ﬁ,e
the D ning 10 Link 10 the carbon atom sex free by the homere, thut grisg
toa setrapyrrole of the 111 sexses which finally can condeme into
§0 111 1 tse nomerase is destrayed or limsted dreoptndnmt:d‘mmor
would be cxpected to condense almont sp ',mmpaphm"‘h

Tbcnbmtnc!mzu:uppuncdbydnﬁndm;uf&mmw(lm)d“' .
dexgunase Bomerne system under certam conditons can be split inte ™
mWrmmeIbungupahkmfarmmPWPhﬂ“ml“mi‘;
pholnfinogen a1 » cubntrate wiule factian 11 can not use he
substrate atall However nddluoaof&nzumllloﬁ:ﬂu:;llm’mm‘m
formation of hyvre I when ncubated wi
The deammase thin sermn 1 b 1t v sesponnble fur the ‘“‘d”"":’:
the perphobitinogen molecules into the tetrapyrrole, which, W ot direet
the bomerase, vill condense intn wroporphy nogen 1

Sarce the Bomenzaton and condensavon ke place without the "d;;‘:
forimaidehyd or any other ne carbon compourd (Lockwoon and carbon
1960) st mreans that the nomenzanon thatnlhemlmlbndw‘wfmpw
atom from one a-pasitian 16 anviher via the \ atom, most probably 13 oo
alter the formanan of the immediate tetrapyrrobie precarior to wroprrphy
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gen, and which, if the somerase » not present, will conderne spontancomly mio
uroparphyrinogen I The possibility that the condensation takes place pior o
the omenzation seems to be definutely excluded by the finding of Gramcxasd
Mavzerary (1958) that uroporphyrinogen I can ot serve s a subsirate for
the isomerase.

The mechannm suggested by BuLLocx o l. (1938) for the chemical formation
of coproporphyrin IIT amuming & migration of the methylene group from the D
nng to the free a-carhon of the A nng thus changing the sidechaln sequence
with final addition of the B and G rings to give the IIT isomer can pot explala
the farmation of the I fromer when the Bomerase 11 destroyed or fnbibrted, slace
the tetrapyrrole formed v ould have & ndechain sequence identical to that of the
T1I serres, and one (or three) of the pyrrole rings had to be rotated prior to conen-
sation to give uroporphyrmogen I & pardhullty which docs not seem very iy
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Evidence for Energy-Requiring Processes m Histamine
Release and Mast Cell Degrapulation 1n Rat
Tissues Induced by Compound 48/80

By
Baoarn, Diavawt and Boayr Uviks
Reeched 14 June 1961

Mot authors agree that anaphylactic haamine release from semmtzed
mWMHmmmmmmﬂmmd
ome mﬁhmlmhudlniuoph:nol,mdtlndcy‘nld (according to
h’?&&mmmmh@mnmmm)mm

l‘;“mlm.nmmmmmu Motmatcrt and Provoust

38, Craxmavaxry 1960) It was stated, however that antigen-
mh"‘lmincrdnmﬁmnmmnjntlungwunmwnmb-
qmm;‘;‘:l(%num 1959) On the other hand, degranulaton
d"‘h\u senutized rans was blocked by metabolic mhibitors, inclu-
boeg ch are awumed o uncouple audatve phosphorylation and to
TEIPAAory entymes (Hoarano and Uveds 1960 MoTa and Tumr 1960)

315~
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Ty

j Fag. 1 Dowe-resposse curre for Compound
hd 48700 induced dstamme relense fron
hing tame under owygen bn prescce of

ghocose (5.6 mA{} Hlistamine reboem con-
fa per ernt of total bistamioe conient.
rejense dedacted froo all ralwes

R AN, PR

As opposed to thae raults for fred rat houer, degranul of ot~
semitized rat mast cells, camsed by extracts from Ascans sun and Cyanes
caplilata, is blocked by metabolic inhttutors (Uvwis & & 1960, Uvnids 1960}
and the histarmne release from non<cnntived rat Jung umue e i due to
Ascarn extracts, is blocked by anaxic conditrons (DuauanT 1960 1961)

Views diverge very derably regardi € oper 4 of the
polymer amine, Compound 48/80 Its histumune releasing action is regarded &
bang Independent of oxygen (ratJung ClAxRAVARTY 1959 cat paw Oitakma-
vArRTY Hooprro and Uvnds 1959) In fact, hustamune release from gultes pig
fung bmue, due to Compound 48/80 was smted to be enhapced by oxygen
lack and by metabolic inhibstors (Monoar and Samp 1957) Reeently
bowever it was reported that metabolic inhibitors and anaxa reduce the

_‘hkwmnc release from cat skin (Westsmiroru 1960 1961 and rat towo
'(\ora and Isn 1960)

Degranulatron of rat mast celh induced by Compound 48/80 was reported
to be blocked by boli hibx J A and Brroveruax 1955,
Hoarrza and Uvwis 1957 1960 Mora and Inm 1960} On the other hand,
the incubation of rat mast cells under nitrogen drd not abolnh degranulanon
(Hoaszro and Uvais 1960)

Since 1t wiy shown (DiAsaNT 1960) that the presence of glucose enhanced
the histamine release, induced by extracts of Ascarn suws, from rat | ng tmue
ard since mrular obecnvatiom were reported regarding the histamune release
induced by Compound 48/80 from cat skin s cutre (WesrEmion 1960} It
was suggated that the divergent results of earlier im otigauons on the cffect
of Compound 48/80 could 1n part, be atributed to the presence of glucow

iy 1n this report, we have reamougated w th regard to the
effect of glucose, the influence of metabol ¢ nhitxtors and  noxia on the
hiytamune release and the mat cell degranulaton wnduced by Compound

48/80 in the rat.
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2. Hutamine refeasc from tmwac under luccec
&mﬂbj&mp.d um'(‘;:h:z_n -rd.-ud-ngmnlh hm;ws:“ﬂni?
An g hbormme base per g of w ct Jong Hawe. Spoctancous

(67 mA) 10 per cent fr The pH of the mediom was between 70
nﬂ71hﬁrcxpcﬂmuwi¢h-ahmdmlmmlnd&9—74mchmcmzb¢
degramudation

of rat mesentery

Histmine roisgse from seicted et lang hieom
The technique veed was szdlar to that described by Diasass (1961) but with alight
bonga were cromed from mal_and an, it
I each cxperient 3—b aommals were sed. After remoral of visibie broochd, all kg
bba wera were then cut mto smaller paeces (1—2 myg) After carcfil

pooled. They
waaburg with the meybaron mediam, the heng tamue ws biocted dry 11w s subscroently
divided Into smaller parts by weighing The woght of each sampl - wis umaally berwecn
500600 g (10 Do cxoe bow then 400 g} Ths, _schunon conaling po ghocoee was
waed for the entire preparation of the hog mpies. Tho could be whhoat
the scomtrvify of the tmse to Compound 48/80, doce prelkainry roalt kad
shown that there was po difference m the hutzmme refesse (o ednm contambng
Klucose, of whether or Dot the lung Desos hxd been treated, before -
cwbatin, with  soluton cootaming ghucose (3 6 mM)
The hinrg eamples were meubated and shaken 10 roppered Edenmeyer ks in 2
Warbary pparatns 137 C. Unim otherwe mecated, glcoee or other carbolrydrates,
when texted, were prosent m the Erdenme er flask from the begmning of the incubation.
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cubation flukds were wathdrawn,
of d in the text refer 1o the final concentrateon

Degrouslation of mant crlls o tovlated rat mesensery
The technique ued was the rame £3 that descnbed by Hooaro and Uvds (13
1960) The mesentery pleces were meubated m open bowls o w ter bath at 37 c
formmmnﬁrrtb!lddiumd'(mpomd%wmdmmLunln-mbrnkcmdutcd%
Where inhibators and glucose were imestigated, the Mescntery wat pnmbwd
together with these fubstances before the additon of Compound 48780 a1 doerited

In the text
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Tk L The gfict of Trgen, mirogen oo placst (5.5 w\L) ax Componmal £330 (35 ip/ml,
mehmw:mhmﬁmdﬂ'wupﬂ:é.){
Il ictimsrns comtod. Spontavens reicaw dedacied from ol alnc

Emp Histacine: relcase
-
23] ® (] o)
1 HI 77 -1 10
H 211 1] 1 I+
3 a7 - 13
4 %4 253 19
3 %7 194 259 14
. s .93 x4 23
Mexn aad sacxtard
o of weaa N3L16 2333+ 20 0317 16£023
Sqprifenace of difference of mean
Lo 044 ghocoee (et} PeoO@I—08l P >003 P~ < 000!
Tacobution procedores A 15 min glocowe O+ 20 mn 4830 O
B 15 win Oy + 20 i 4880 Oy
C 13 mm glocose Ny + 20 om 44790 N
D13 N 0 ok 4870 N

parats ¢ 37* C without shakng The bt fhdds were or axy-
Mﬂrumlomhﬁclhe-ddmddx After thee
wmed foxr grmmg were wathdrawn so that they were jot

dthelnnlhnmdmdl.lncrdtrmn‘udmﬂ:blnhldlmxca{:bc
mexentery cels durmg incabetson In all the exporiments, the makentery pleca mere
cposed to Compound 48/80 for "0 mm AR -alaes given sre the meam of dupthata.

Dogalactom (ot Hoffmann-Ls Roche)
Difrcswe + H,0 /0ot greded, from Hoflmann-La Rocbo)
Aabose - H,Q (not La Roche}

graded, Hoftmann-]
Lactose — H O (not graded, from Hopios s Wallsme Lid,
Bucrose (anahixcal reagen grade from the Mallinckradt Chorascal Works)

AN fnfubriors were obuncd from stndard commerclal source, except fof allichs,
-Hchnupnpurd&mnmc.mrdmgm&-mwmdhal—y(lm
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A. LUNG THADX
Dunrapa-anidlauh)

Gu}dcdbyvhcdourapomec\mvcinﬁg 1 the histarune dose chosen for
lhcexpcr{mmuducﬁhcd\md.crA,wuﬂjpg]ud Since the hotatmne content
dtbelungmuucv-rltdcnnddmb}ytrun:mmﬂmmlmﬂhvmnmmpﬂy
ing to find wide vanations between the animah m the amount of histamine
rﬂmcdbyoncundthcnmedmuf(hnpomd*ﬁm(ﬁs-ﬂou”‘
other hand the percentmal release was furly constant amounung to 31 4 & 4 7
per corit (mean and standard deviath inFig 2) C ty m the following,
hatarnine release 13 given 1n per cent of the total hustamine cancent.

Infixonce of exypen witrogen axd plucese

Nitrogen was found 10 strongly deprem the hutamine refeass from rat lung
thsue provided that the incubation flud was glucomesfree. In the two exper-
ment shown n Fig 3 the histamine release cawed by Compound 4800 kU
from an average of 31 per cent in an oxygenated medium containing glucore
36 mM (I mgim!) 1o I per cent in & n trogenated glucose-free medsom, On
the other hand, n the presence of glucote oxygen lack did ot sgmbanty
lower the hstamine release In glucose free, but oxygenated medium, the
hustamine refease was slightly reduced as compared with that 1 the presence
of glucowe and oxvgen. The average valua from 6 cxp. (Table [) show that,
under nitrogen and in the absence of glucowe (D) the htamine refease »a
depresacd to around ) per cent, as compared with 31 per cent o oxygomted
medium contang glucose (A; Under nitrogen, but in the presence of glacose
(56 m\M) (C) the release was not ugnificantly bomered below that of (A}
whereas under oxygen but in abwence of glucose (B the release fell to abost
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24 per cent. Thn fall was sguficant (P = 005 —001) adthough small
compared with the declue in (D)

The minmmal concentrtion of glucose required to appreaably counteract
the deprewang effect of utrogen atmoephere was found to be around 0.25 mM
(0.045 mgfml) Above 5.6 mM (pormal blood level) increase of glucose con-
cctitation did not sppreciably enbance the histamune release (Fig 4)

Toobu&nt}nupqmlmuweﬂfwnfglmmnhchbumlncaladng
a<ton of G d 48/80 m uitr d lung umue, p bation of the
glurose with th mcuurtquncd—AxdwwnLnTlhch when glucoss and

4880 were added umulmneowly to th incubation mediom (B)
the hutarmin  rejeasc averaged nly 8 per cent as againt 3 per cent in the
absxence of glucose (C) whermms 37 per cent hutamune was releared when
tlucose wis  dded 15 mun before Compound 48/80 (A) The mummal pecin-
cubation tme needed for obtaming the full glucme effecy, could not be deter
mined with the techniqu med but 13 mun prancubaton sufficed to produce
4 maximal effect The quanttatve cvaluation of the preeriat ¢ effect of

glacose was complicated by the fact that inrubauon of th lung tmve n
nitrogenated, glocose-free medium, cavsed  progresave dechine n the e
Horatrve abbty of glucose. Dunog 13 min Incubavon upder o trogen n the
Abwence of glucose, thy decllne was, bonever too b to ffect the valldity of
our rewlty (see (D, n Table 11
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Dinltropheno! (D\P) was observed to block the hrtamne refease 1n coo
centrations above 10 M provided this reagent vas allowed to net on the
lung tssuc in a glucosefree oxygenated medium. The presence of ghucowe re
duced ths 1whubutory action of DNP In the expenment shown In g § e
hustamine relcase, 1n the absence of DNP and glucose was 29 per cent. With
D\P 10\ no rchease occurmed with DAP 107M + glucmse 86 oM %2
per cent hustamine was released. Fig 6 shows that DNP 107 M reduced fv
tamine release 1n the presence of glucose (5 6 and 0.7 mAl) to the xame extent
both 10 an oxygenated and n a nutrogenated medium
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3 MENOTERY MAST CELLE

Ond)e.mm.pom(hx“bcdkﬂo(o:ygmdcﬁamnndthc-cdoaor
Khecree o0 the hatamunewelaanng property of Compound 48/80 reflected a
d"‘"sthlhcmpanmmofmw:tﬂsh:nmdcdmmw



324 BERTIL DIAMANT AND PORJE Uviks

o -
- D -
- L3
-« ~r
- - il
M- - nn-
e i i i al n
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Fig. 9 mgmﬂwcﬁcad;bmu(umlﬂmmmaﬂdqrummi
0.5 under
U
2 1SminN + 30 min 4480 N
3 I5mlnﬂ\.m=N + 20 min 48/80 N
tgx +mthgmﬂme
B o e of oo 140
B Thbe effcct of Commpound 4880
Fig. 10 The effct of ghucom: (86 m3) oo Compound 48780 (03 rgimi) Induced mas crd
lation aficr varios peneds of nltrogenation in  bence of glucose.
1 5mmﬁ1m=N + 20 min 48/80 N
2. 10 min + 15 min ghucose N+ 20 min 48/80 N
L 20mn N + 15 min glucose N+ 20 min 4880 N
4 30minN + 15 min ghucese N + 10 min 48/80 N
5 60 min N +l5nﬂngmN + 20 min 44/50 N
€. 30 mm glucose N+ 20 min 43780 N
A I bwence of Corpound 48780
B The cffect of Compound 45/80

) include rat mesentery mast cells Previous falare (Hoaaxro and Uvads 1960)
to demomtrate an mhibitory cffect of anoxia on the degranulaung action of
Compound 48/80 on mast cells may have been due to nadequate anowe con-
ditons ormecprumcco(mmmUuhrmagrpddmgmbmmcubﬁnz
the degranulation proces to develop anacrobwally New attempts were therefore
made w th cells prancubated m rutrogenated glucose free medium for vanow
peniods. The senntwity of such celh to Compound 48/80 declined progresuvely
with increaung anauc peeincubatien pronded that the subsequent cxposure
to the releaser was performed under continuows anoxd and glucose free condi-
uoms. Fig 8 shows 2 exp in which the mast cells became practically uare
spomive to Compound 48/60 withun 20—30 mun peeincabauon Thcre;trf
vanations in the length of the anaxic prancubation requered o inhibat marl tdiz
the must ecll degranulation. In some exponmenty o premncubation n\:;
needed 1n others, the nhibatory effect was apparent oaly afier 1520

prencubston.
a‘lu the presence of glucose (56 m\M) the mast celbs retained their :a:;l!‘-l‘““:‘
to Compound 48180 lnrpueo[pmlongtdcxpoumlo-uuﬂzﬁxl
hour (15 and 30 min n Fg 9 and 30 mun in Fig 10)
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At thown in Fig 10 in order to exert O preservatve acton, glucose had to
be s t [!uf._beupoymmmcmgm_\\ﬂtnlddcdm
<l preccposed 1o rutrogen, glucose prosreserely Jott s rentormg effect on

action pound 48'B0 under
glucoee coocemtranont, arying

H—613015. dcta pryrrod scend Vol 53



from 0 to 112 mM, were without appreciable efiect on the degranulavon. In
thrs expenment and those subwequently described the ongiml technique de-
vised by Hogberg and Uvnis was employed

bitors which, it 11 anumed, mterfere with omdative phosphorylation snd
resparation (DNP sodium ande, sodium cyarude) For the ants intubutory effect

" to develop fully the glucose had to be added before the metabolic inhibtor 2

. fact which 11 shown in respect of DNP in Fig 13 On the other band, ghicose
was unable to comteract the blocking action of thyromn (Table 111) The In-
hibitory acton of rinhydnn allian, Cu™ Pb™ and Zn — taken a1
representatrves of inhubators previowsly shown to block mast cell degranulation
— was not influenced by glucose (Table 111)

Discassion

The prosent olnervaton clearly mdseate that hntamune release from ratlung
uwue, as well a1 degranufation of rat meentery mast cells, when udoeed by
Compound 48/80 are energy requinng procenes. They are both blocked by
The inhibi n cted by glocox

ancxz and by bolic nhit
indicating that anaerobec pathways are available. The encrgy-yreld from the

nmauhch—mkdahnufgjumxammoﬁauf-mblcmndmfaflk

reactiom to proceed s those exisng m the presence of axygen and glucore
Thcftct,lhllhkumﬂ\cldcl!tuﬂmccﬂdtgnnuhmmm

scrobat conditons even when glucose 1 not added suggests that aho other

energy dopors are operauve.
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Tabk 117 The it of glucate (112 MNL) on the actm of Lkitors of mast cell egronlation
wead by Compomd 43/80 “T) 12k ghucen™ dumies adéstian of ptwen (112 mI; 30 min
o lndabiter 1S win Wfors addrirn of Compocrd 14180 (0.5 ugml) 14 ithomt phiouss’
et adiition of inkihiter 15 min befovs additios ¢f Crpownd €880 (05 g i) A
vt ot ey cont of degramerlation cx absrace of sakiblier

———

Tatar Coneentrasion of nhibuor (31)
- g e 1 10 [10m
Sl ramide
i goome 1 16 10 «
ot ghacose 10 101 49 ’
Lo cride
with glacoae o 73
et ghocos N it ]
2 dudraphonad
WAk gy 100 L] ”»
il ghoee 108 B 7
Trwcom
¥ placosy 108 L ]
hom ghacos. 7 % z
Nk
ik placree 101 n 7
hout glacose - 10
ALcw
ik glocnge 1ot E+d u s
i gacoe " B 3 3
»
HR glucnse 103 L Eod b
Mhoust glucyme 108 » ¢ *
a
ik glucnee 57 4 M *
without ghacree tod & u 3
<z
»” ™ s I3
"k placoms 104 ] 1 I

Cancrntraton wacertaln due #o dow mbibilty of thyrociae.
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Glucme was able to ratore the hist releasc inhituted by
of the lung trsue, provided that it was added before Compound 48/80 (Table
II) Further 0 order 1o counteract the blocking effect of the metabolic in-
hibitors (DNP sodnum ande, sodium cyanide) on the degranulation of mast
th,gincmchldmbelddcdbcfmlheinhﬂim&ncetbuein}uhhcxy
ngmu-mckthcmcubnﬁcpmccnanv:nompanu,nmmbkcq:hm-
ton, for the required pruncubanon with glucose, scems to be that this sul-
stanee b utilized by the mast cells, yielding energy throegh its breakdown.

The inhilntion of histumine release from sat Jung tusue by DNP was coun
teracted by glucose, m smte of prancubation with DNP before the additon
of glucose. This 13 in contrast to the results of the correrponding experiment
on mast cell degrnulation, where glucose was found to have no proervative
effect, f DNP was added before the glucose. The reasons for this discrepancy
s obscure but probably 1t &5 more of a quanntauve thun a qualitatve pature
and 13 posibly duc to th  dufferent expenmental condivons.

= b under gen in a gl free medium the restorative
effect of glucose on the mast eell deg & d ively with
the incut tume under gen, provided that the subseq; posure 10
Compound 48/80 vras performed under continuous anoxic condstions. When the
y pleces were correspondmgly p beted under nitrogen 1n a glucase
free medium, & subsequent shift from nitrogen to oxygen did not rectore the
responsivencs of the mast celbs to Campound 48/80. The sermtvity of the mast
cells 1o Compound 48/80 sull showed & steep fall with increasing preinculbation
time under nitrogen. If however glucose (3 6 mM) was sdded at the same
time a3 oxygen was ml ] for nitrogen the mast cell degranul eflect
 “af Compound 48/80 was partly rotorcd. This 1 in aceordanee with carler
findingy (D1AMAXT 1960) on the hstamine release induced by Ascarn extract
from rat lung trwue, where the whitatory effect of prefncubauon under nitrogen
10 a glucose free medium was mvestgated.

DNP is supposed to block, preferably oxddatnve phosphocylaton. But, &
shown in Fig 6 DNP also blocks histamine redease in rat lung tmue under
sutrogen, 1n which humamine release has been restored by glucose indiating
that DNP also mhibits glycolytc energy producton, The mame inhibition
otcurs under oxygen (Fig 6) where D\P blocked exydative phosphorylation
 counteracted by additon of glucose. Evidently 1n these expenmenu, ot
dative phoephary lation 1 blocked under acrobxe conditions by DNP and und:‘
anacrobic conchtions by lack of caygen. When oxdatnve phmpbﬂf)hl""'-‘Dr
Blocked m 1hese wayy, DNP 1 still able to counteract the provervatve acosn
glucose on the hnamune relense, posbly by inducng AT “"‘dmy(lﬂg:
and VWrsa¥ 1953) The mhilutony acuon of DNP 1 dependent on
gucose concentration duminuhung w th sncreaung glucose concentration. ot

The inhitatory acuon of thyromn on the mastcell degranulation Wi

sbolished by ghicose. 1t i obscure whether ths difference between me
byt Joyed 1 ar only quanuts

and the other hol ployed 1 9
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fo m dipbiragm m svre indooed by Gompounsd 48750 was blocked by metablic fabite
:?\Tmﬂr\-c\nmwmmmw‘n partly restored ca addh

References

Casatimrg, C.J and ] Maner Allicin, the xanbucicrial princtple of AZiwe cakmm. T Trolation,
Piysical properties aad antlmcierinl scnon. J dmer chen Sic. 1944 65. 19501351
Ouxzs may N R, Tho mechanime of hriamme refeas in anaphytactic resctxm i yaince
P8 o T, Aot piyried. scand, 1959 44, 146165,
Axrv N K., B. Hoowxo asd B. UrxAs, Mechamam of the rebesac by Compound
4890 of hictamime aad of & pkd siubic woooth sl Mmrulating principie (“SKS™)
Acte piysil. wcawd. 1939, 45, 235370
Dewnarr, B, The nfluencs of anoxia aad ghacose a hisamine hbetaton cassed by principle
i Ascaris sk, Acte phyried. scmed. 1960, 53 Suppl. 175
Do, B Risaraine reiesse clicted by cxmcy from Ascarw xxs — wfoece of axygen
Fack et phocowe. dcte plysiel. awnd, 1961 £2. 912
Hoamess, B and B, Tvais, The mechanizn of dfampan of mast cdlis procuced by Compound
KM doke iy, wond. 1957 41 3369
Hooaxsn, B. and B. Uvake, Forther olacrvations an the duruption of rat mesnlery mmt pel
med by Compormd aatige-entibody reacton, leckidoese A wad decy bumine.
Acte plysial. scamd 1960, 48, 133—143.
L C. U and B, Broorriuay, $fics on the i i action of Compound 43780
candetmbton product, oo rat mex celts Tex. Rgp Bl Mal 1955, 13 6973,
Laxoy H A sl H. Wrtnaax, The aumalytl olfct of 2 4-dmisopbeacd on
Phte bydroindy by celt particics sod mbubic casyoes. J Bul, Chen 1933, 281 13737
Lovarn, | L. and H. O Scrirn, Inbibation of the sozphylactrc roaction. 7 P, (Lood )
1997 135 301319
Moma, Land T Lo, Inkibukom of mest cell donmption sad kisamume redessc b ra anaphy la-
Xl it Commpurom with Compound 4580 Brl. J Pharmers! {1360, 13. 82 —67
Motmaromt, H. amd A Pacs ooyr Dasa, [nftucnce of emxative phorphory laticn Eakibrors
OR the hutaming release i the aneplnkatic ractas m e, Experienta (Basd) 1938 2
14413
Mocmsrent, H. and A. Paovecyr Darov, [nfinence da I'anaeroblose et de Bffirontes teaxions
Toxypine mrr la Eberation dhwtamine dass b réacnon sxaph lachque m rite Expetientia
(Paect) 1960, 16 116119,
Farxor | L Sor Ia reacton cffulicre de Fanaphylaoe. Sou carsctise  &roble, C. &, Soc
Bal (Parw) 942 196 361362,
Urla, B M echamiam of acoos of  kastamsne-hibesatioy prmerple i fellyfish (Cranen capaliats)

1 1960, 50 4148 P
“MmedmmumeMm-ﬂ}

Aets Myl wwnd, 1%60. 52 300303



Acta physiol. scund. 1961 33, 330—338

From the Histologh u y of Uppeals, and th
¢ Department of
"“dqmuﬂ‘“d‘"“‘mwvﬂmmscbui.smbdmﬂ
Sweden

Aspects of the Glucose and Amino Acid Metabolism
in the Liver and the Diaphragm of Normal
and Obese-Hyperglycemic Mice
By

Bo Hrxaax, Stio Lansox and Swormp Wosmiaw
Received 14 Juno 196)

Abstract
Hriiman, B, S Lanwow and 5. Woaman. dsperts of the plwces
i owrne acid melabelism x the Lier thut of mermal ad

slycomle syndrome.
nificant diffences were found diber m the liver or bn the daphragm.
The same way rue for the formation of CO and the ncorporanon of
dmmhwmmmmmnﬁmmwm
w\'{[hmm Yobol-cth An mcon

amnount of carbon m[m.hmmohfnrdinlhckumn;
amine #6ds i krer alanme od gletamme, and + the daphragm,
alanme, glunmme and gl amx acd. On  weght 1o werght
basts there were no differences between normal and obeseyper
glycemie mice, except that 1n the latter the formanoo of giutamine
was 4—3 times higher The rabed conversion of ghucose to glu-
tamine m the lver of obesc-hy perglycomic mice was the motn von
for scparate analyms of the ectivity of gluambc-oualacete gans.
aminzse (GOT) and gluamc pyruvic ramammase (GFT) where
howorer Do yutstcal differences were beerved betwern the v
typos of mice,
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3lost experrmental work ncerning the glucose metabolm in dmbenc
organstms has been earmed ut on anmmal with apenmenally produced
dnbcu:.A]hnnhnmmxﬁ:qucndybcmumdxoinducolh:dubncnnc,
btumelnmujparm(mﬂyndmhtbe&cdbmth:klmu{hnm
Snu:dﬂ:typcufdnbﬂubmmcdpmelybymmnﬂmhck,:myhcmp-
posed 1o deviate in many respects from th nanrally ocourrring types of diabetes
mellitins, It was therefore of great interest when a strafn of mrce at the Roscos
B Jackon Memonal Laborarory was found to grve rise to offspting with an
obese-byperglycem:  syndrome. Ths syndome o due to the mutardon of a
sngle b YEOUs recesuve gene lung n the expected frequency of 23 &
obere offipring (Iwuarrs, Dyoxrx and Swene 1950) In addition to hyper
Elycema and obesity these muce are characterized, mér ebs by incremsed
Ipogrnen cven durmg fasting (Batex, ZowarLy and Mavan 1933} hyper
Phagia (\Maves of ol 1955) and hyperplans of the slets of Langerhans with
Toss) frereased amounts of depot wsuln (Wrmamarr, Awouos and Mavie
The present cxperiments were performed on obese-hyperglycemic muee
and on ther lean [itter mates, vung esentally the sme techmque as adopied
by Citane Brrowr Camamx and Poccrmam (1956) mn ther wrics of cxperments
o alloxan duabetic rats. The utlmavon of glucose  nfre m the Tiver and
diaphragm was invesugared with particular attenuon to the farmaton of
Colndﬂlcmmrponuonofthcyncmemﬁ:udnmoladx'rht-mim
sod metabolism o the hver was further stodied by determumng the activity
o two typa of tramaminssts

Materisl and Methods

of2 o 20 Two ddierent paubanon media wert wed
|Am“dllcﬂtTKu:b-wmmbqu pH 71, with toual glucose 0.0056 Af
(radiomctivity = 0.35 mC/mA) Since accordiog to e (1930)  hegh phasphate
‘mcmu:nm-wﬂuewimwphymtdmdmm
the calorum conten was rednced by ooc third of ia angmal valee

2 A phorphar buffer NaCl 0098 30, hQ1 0027 3L MgSO 00012 M, KH,PO
00004 L1, MaHPO 00173 M and total glucase 00036 M (raboactmiy = 16
™C/mA)  pH 7.3 (Caarv & o 1960)

The animale were kalied by ﬂvhldﬂnadm-ndtbcr—mplamk.m

were drmected guckly x pomible. Afker weighlog, the smples were transbared
lo\\uhn‘v:nd-,nmlh stal volume of bout 3 ml, which roatained 0.5 ml of
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Table L pig gheoese xtiliced tx &iferent froctwas of the licor exprersed pur 100 mg wd weizht.
Glaaw concextratum of tht modum 0.1 % total rodisactzofly I uC (~160 000 gwan ). In de
Table 75 alw gioen the bedy vorights in g omd the Liver w.ciphts in mg (vl and &y i) nd
the water comiont of the oy (%) Mo valess + S.E. The fiperes tithm brockets deis
the menber of axomals cudsed

Body Liver Hg ghocose cilzed per 100 i Iner
welght (wet wi) bn different Eactom
wet water  dry TCA  Lipd Residee OO
welght lght
(g {og)
AN mbe M6 1586 23] 4% 680 192 49 1
{12) +13 493 403 1 428 19 404 )
AQ-mkcc 449 2393 66.0 813 748 23 a0 a
() &4 97 +06 +46 438 £l2 08 483

medsom 1 or 2. The liver shees woghed  pproximately 70 mg The centre well of &
vemeh contaned soall rolls of filter paper nkudvdvhﬁo’éNIOHmnhurb:

(1949) The radioactivity was messured w1 BaCO,. In the incubaton e
remamder of the Tver was tecd for water and fat determinanont. The w tev cosent
vas detarmined by smply drylog the tiwue at 40° C until a constant woght w3
reached. The dried tiwue was then cxtracted in » Soxhlet apparatus with peroka
cther 10 obtain the fat.

) Ldves slaces from 24 ankmals were {ncubated in medbum 1 After Incubation the re?
alices were bomogenmed and three fractions prepared as deseribed by Hutuax Lass-
s« and Westsaax (1961) The fracuom were 1) tnchloracetic sed (TCA) wlbk
rubstances (c. ¢ ghyeogen and low molccular weight pubstances such 51 2mioo =¥

in

hchmlmgnphyudm‘hrdnr&crbv@uﬂ,wlndwﬂd
Chromatography was abo pplied to the medrum. All chromuatograss o 195
quantiatively by a modlfication of the automatic device used by Franc f & {
The imoluble remducs, 1eft afier the extracton with th agueows ‘";M
with 0.05™ NaOH 140 C for B bours and then tranferred 1o planchets s

for radroactivity

In ndditon to the incubsuons in a ghacose-containdng medium, 15

(GOT) and the gl tamsc-pyruvic (GPT) transaminase sctvit 9 B gy

were determened from rmlzmmm.mmﬂmi”w
phonphate bufler (pH 74) and the eravme actvatles were determned by
described by Remuas and Faa wri (1957,
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T 1L py wtilized oo dyfireat fractions of the ficer The figares oo calonlated om e
dxie of Tabla 1 and phes the TCA100 wg dry act., Eprdsi 100 mg fot and recsdect 100 my fat
,:'-hmuuumiu: The figares wutkin brackets demts the menber

s stndied

TCANIO my | Lipid/100 mg  Reuichee/100 my
far

dry wt. fat free dry wt.
AN-wice 2181 pLLY 192
(1 +a2 415 *16
AO-ice nl 3660 L3
(tn +10 =24 +2%

Results

The vales for Jivers incubated in medium | are grven m Table I Both
hhﬂY'ﬂgﬁnmddemwughuhmmm}deylnghumthcAO—
&lmﬂmd‘thzhndnmmhhndxﬂghﬂybuubmmmmﬂyngmﬁ
W22ty decreased water content (¢ = 432, P< 0.001) Calenlated per um
et waght, there were no ngnificant differences between AN and AQ-mee
¥ith regard to the radsactinty foand in different liver fra In Table II
u""-‘nuthlthmcq:lmcddlﬂ'crmdy The radiomctivity of the
TCA-feaction 13 grven as g glucome utilired per 100 mg lrver dry weight, the
Epdhamup“lmmucdpamomgf.t.mdmmmmmdm
¥ I ghcose wtilized per 100 mg fat free Liver dry weight, Expressed in thu
Wd"’“mniﬂmngmﬁnmd;ﬂ'mcubcmcmh\mﬁumﬂnnd

J‘u‘lnmﬂmruu]udmbamghmdlcummtdmmlhmgudl
“’Wuﬁonufghuncmm.,thcvﬂunmdgnlﬁam}y lower than in
ﬁ:l although there were no differences between the AN and AO-mice.
betic aod m the medium there was no symuficant difference between

Te
n‘;m"%-c,hmh&wﬁmﬁ—u axd AO- wics. The rernlts ave expremd
,-“rb-.’ vcriad por 100 mg of timme (et K1) 4f0r 1 hoar of xcubation s 37°C 0 O
-‘-:ﬁ-.Gh:mc-um-h-ﬂJz ol radseactirdy 10 pC (=1 600 000 chwin)
& 8L The figures witkm braclots desets the Sember of amisnals cindied

co Lactic acxd  Alaning Gluamiee
ANraice 233 5.7 03 (1]
m 019 +12 +o2 o2
284 178 03 13

an +058 +10 +02 06
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Tdbl HE glecwse whlied bn Eiferent fractens f e liver expecised per 100 my e xoght.
lacsse cowcntration of he wedmm 01 * N-I;d‘n-rul{ylpC(-lSW:,‘—th
'mkmammu,nqma,umm-whq(-uda’,mﬁ

the scuter cotent of the lirer (%) Meen telues 1 S.E. The figares itk boackets dase
the momber of antoeals studicd
Body  Liver i ghocoee utifucd por 100 mg et
weight (wet wt) in differeat facders
et watr dry TCA Lipd  Remie @0,
welght welght
(mg) (og)
AN-coce 6 1,586 cas 495 o 192 1 82
(12) 413 iss zox 2 a8 19 04 20
AO-mice 489 2393 660 819 s 28 s0 48
(1n 14 Le1 406 446 xi8  x18 203 i

moediem 1 o 2 The liver aliecs welghed approxucately 70 my, The ceatre vel of &
vemels cootamed tmall rolls of Shter paper mhdmm%mﬂnw
respuatory COy. Independent of the medium used, the samples » ]
one bour at 37 ln-;uph-xdpcnemrgm.Aﬂrrtbemﬂxﬂmlthw-
wat collected and precipitated with BaCl, 1 described by Vooxr aod Hum™%
(1949) The radioactivity was messured ay RaCO,. In the incubstion m
remainder of the Liver was wed for water and fat determinatons The wattt S50
was determined by smply deping the tse lWCLmLﬂltm:‘ﬁ‘:i_m

w

Liver tfices from 24 animals were incubated fn medhum 1 Afier inubabo 5
slices w oz bamogenized and three fractions prepared 3

so and Wrstan (1961) The fractions were l)u—h:hh-lcmcﬁgm)
substancas (¢ glycogen and Jow molecular weght substances

and £ fiates in car bolim), 2) s lipsd fracon aod 5
rendoe (e g protems, nuclcoproteins and mockedc ackd). o 24
For incubation kn medium 2, fiver slices and alio the duphragms fom U5
waemcd.Aﬁauocban’d’mmhﬂcmthed’uemumﬂinmﬁd-ﬂiwﬂ
W«d(la&&)mmmwﬂm“‘;dmwa

Chromatography

quantitatively by & modificanon of the utomati devoe vwed by Frax
The somoluble rendues, lef aler the extracton with the squeous skoboh 7 25y
wrth 0,03 N NaOH 2t 40 C. for 8 bours and then transfarred to planchets

for radfoactivity Jorres

In sddinon to th b in a gh A‘muﬁum.#md,ﬁ;
(;Ur)mdv.be;!uumx G al

m!.nn:u:( ﬁmh"upmn’nc(_nl:') g ng,gdn

detcrmined from
Pbaplnt:buﬁ:r(pﬂ74) o the emzvme activities eore determmed by U
described by Rurman and Francro (1957
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Discussion

Itn evident from previous i r1or studres that glucose utilizatron o reduced
m alloxan dlabetes. Rexoip of «f {1953) and Rezorp Harmxes od Nemrerr
(1934) thur shawed that the glucose uptake and phosphorylaton s lower in
Ber slices from alloxan diabet: ratx A corresponding decrease of the glucose
uptake was alwo found 1n the sleleta! mucutature (Vv nere and Hastooos 1949
and Beary o al 1939) In ctew of thowe observations af a deerewsed glucose
willirabon 1 alloxan dusbetes, 1 s therdore of inteymt that in the preveat
“Plﬁmcﬂtnongnﬁc-nrd.ﬂamca“mmmrdedmrdmgthcghme
utibzatgn per unit weight esther for the Liver or the diaphragm in the obese
hyperglycernic syndrome.

In the ease of the Iver this was truc for the dufferent fractions analyred,
regardlen of whether the valoes were calculated per unst w & or dry weght,
o whether the fat content of the b wr was tken into conuderanion. On the
other hand t 11 abio worthy of note that there way, w ufs Do ncrease in
fororp in the glyeop TCA fracton, woee Sz and
Mavsn (1906) reported, sfter mtrspentoncal sdminbtranon of umformly
ng{mlhllchemmﬂc‘lnﬂ‘g}mwﬂlpprm&ﬁy
3"-mﬂngmtpcrumrh\unaghtmﬂ::Ao-mlc:,qumahbcﬁazhn
&Mmmm&tmmd\cmomup&m beence of
mﬁﬂamahmemummmwquh:a(ummddhm
hmmmma;bmnld[uﬂbabcm:duﬂimthrdﬂwwthemndldw,
dntlheghcoxmc:nmmnmthcmmhnmmcdlumnuzhenm:fu
buﬂngmpumdmmmdmuykummth:bloodmp:n]uaruobae

mmm&wmwfmd(lhvn.mmmdl)fmlg&l)

cfiet the true rata of oxdsuon sioce &
the rotope taker
coniderabl and gquanuunvely undetermned diution of
place dunng th mcubanon, prumnandy through glycogenolyan and glucones.
gmcsh,
Toe of liuds © an unpor plnd'lna-(u-ncuuq.ﬁ
turbed in alioxan diabetey w found by STET
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labelled compounds, According to these authors, m alloxan diabetes the
ryndrund‘f-uynad,fmmglumychmdmcdmmcthugformmpl:,t}w
axdation of the glucowe to CO,. The avalable information concerning I'pld
metabolum {n the obese hyporglycemle syndrome bt malnly based oo w rue
atudies of the Incorporation of C-2-fragments, the cond of which 15 &
stage in fatty acd synthews. Bates, MAvin and Navm (1955) thowed that
v hen tC-carboxyl-labelled acctate was fed to the AD-muce, these retalned

{ficantly more madjoactivity in the Iiver and carcam fat, On the haus of
similar expennments with the same peecunor  Guoomwsize and  Mavea
{195 ) suggested that 2 partial block of the C-2 fragrent oxidatlon veas the
chamacteristie  blochemieal lenon 1n the obese hyperglyceric  syndrome.
While Pansoy and Crsrrrr (1953) did not confirm this, Huones and Torxexr
(1938) after Intraperitoncal and intravenous infections of HC-methyl-labelled
acetate, found thae both the rate and cumulative excreton of ‘CO, from the
acetate were deprensed 10 the AO-puce.

Of further interest b the report of greater hepatic lpogenals in the AQ-
mice, both per unit weight of Liver and fat free tisue, after incubsting liver
slices with *C-carboxyllabelled acrtate (Mavex of of 1955) It b handly
posable to make any direct comparson between thoe expenmenty and our
studiey of lipogenens, unce Mavex o ol did not add glucose to the medmum.
As shown by Miurrry and Havsaenorx (1956) there o a particularly rarked
reduction in hepatic lipogenesis upon lowering the glucose concentration in
the medium. With regard 1o our Sndiog that m the AO-miee there were
differences for the convernon of glucose to fat only in the case of the whole
Hiver and not per umt werght or in spearfic activity”™ this may perhaps have
mmcmnmmwuhth:ﬁnlhnwcmcdonlyAOﬁnicﬂ'Wzﬁmdh";:
macoscopically obwvious sigm of Liver fatteing The abmence
degeneration 1n the L1 o3 of the AO-mice s supported not only by the fat
analysis but alio by the water content values, where the differences between
the two groups, although tcally ugnif were relatlvely umll {f
Foaavsoy Kroox and Larmon 1960)

Ilhbmmdwpm!untynthauhmbncrmﬂwhbmlhdnﬁdmb‘"
may be restored to normal by imulin adminstraton Insulin alone, added
wm to hmﬂmﬁmmld}ydmbcucnmdoumlmmm‘dd
incrrporation, whereas glucose alone does, and inmilin end gluce together
have a all greater effct (Kmaps 1960) The existence of & simultaneous

Wumwmuhmmcho-nﬂamnm-ﬂy’ﬂ‘
B reflected in the formation of

teresting to study ther tein metabalsm ax
o e o umformly labefled ‘G-glacose

{iaphrag 10 aleasne, gl and g
uxrAMk& It vas charactersne of the

m]ycmﬂcqﬁd:wmlhlltbcmed‘fonmuoﬂﬂf

amipo acd patern in the obese
gluammne per ualt
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Tver wet welght was 4—5 twma greater The hwlogral unportance of ths
obseveation v dfficult to evaluate The presence of the enxyme glotamotran:-
ﬁuwmmmwbﬂdﬂmmmm-wﬁum
Wﬂxmhhncchnwhmmmd:rdnmdmtdmmmlmkn[
gﬁmmncinprmmnbolmn(\\mxdd.w“) Since gintasuse =
endly hydrolyzed to the bobeally actrve gh 2ad, comp

stadsr of the reactons in wiach ghrtams acd take part are of great intrast.
hhmxmwumwmmwmm“uu}m
UP as a acparate study in which, howeser ro defimute differcncen were
ohaerved betwoen the AG- and the AN mmee with repect 1o the actmty per
“ﬂhﬁvuwdgh:ufghmm:c.mhcmcmmamm(GOT)mdghmnm

m&mdmhﬂmmcﬂmn@lﬁaﬂdym&mt&nmdm
o of radioactsve CO in the Liver shees. The formation of labefied CO wa

L Man, ¥ Poomarssr swd C Rows, The

e the wobatert ducpbragen mwwele of pormed

Swc B IS 143 681303

Cmam, . By A BaioreCrass and F pocoxcans, Frmeat knombcdge of tec mectanan of
Mmdmdmsﬁﬂwmﬁv-&hﬁ&) & Semd. 1938 1 2
329283

Caae Cwﬂurmmcnn-wxwmdm

- :mmwdmnmmnmm Pt rp. dac

o fazr of ghiacont m dufferent part of the aabixs
Mmﬂwﬂw‘mhw
Cracpnex, Crumorr £ J Alaoro and E. Louer Lpogoeems a0d

sy hE WMJNMIW!”S&?—»SN

Fruarson, § 5 L heoos and $ asmacn, Thor effct of obemty prrometra and dabricy
rellzoe Wm-nanvvndpka-axaw Acta phyal wand.
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Fra x, M, E. B Coary, F Pocczmars sad C. Rowr, An fuproved assoematc sowrecr foe the
i bration of bid dona] Taciiock g Bekecked Suntifc Pepers Trem

the fuit. Swp. &5 Saitd, 1953, 2, 7587

fn mice exhibiting the heredinry obesity d. J M. Chem, 1550 137 3993
Imaates, A AT AL M. Decxrx and G D S'ane, Oboe, & mow mutation b the house rouoe.
J Hewd. 1930, 41 317318

Raanz, ML K, In Diabetes «d R H. Willanw, P B. Hacber S New York 1960,

SDvam, § ML AL Drexms, M. W Bares aod § J Virawr, Free schection of mairican by
bereditery obese mice. Sclea 1951 111, 745746,

Sarm, ] N G Haow N B Margois sad A ] Sroam, F t moabolen i thee
forms of obeaity V Hepatac ipogrocse in vitro, dser 7 Phywl 1985 181 301--503.

Mo, 8. W md P X H 1 and aurbobydrate wahmta. Eecn of
lwmwwhmhmmmmlﬁwiw
Pamsow, W and N R. Crarers, Scodies of sortate metsbolen w tho bereditary oboltr-

7 bl Qw1356 118 BBS—E96.
Srermon Jr D W oand G K Booox, Stubcr metabotarn. 111 Metabollc
defers i alloocan dishews 7 bl Chem. 1344 156, 271178

Viitax, C. A and A, B. Harrreas, Metabofiem of by rat dlaphrogm
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A Comparisan of the Distribution of Radioactive Fluorine
and Calefum by Use of Double-Isotope Autoradiography
»

Laxs-Enmx Arperoxan YAGve Exsomor and Sven Uriazza
Recaved 73 Junc 1961

Abstract
Arroopoe L E, Y Exrcmwon and 5. ULLareo. 4 cosgherimes of the
Estribation of podioaci and calcrpmn by k30 of Gawbieiseiops apteradie-

F* was taken op in
fying molar enamel Ca®* but 0ot
of young anmals

emarkably hagh acqumaMton of Ca® wes scen  some groupy

The role of finorine in general physology ad carks prevention i cmennally
fuonde wms by the ealafied tsues of th

dependent on the speafic opiake of
boxty Rather fxrreachung similaritios have been noticed in the pateerm of ptake
L-pncuﬂy:umadcrtdthnmenpmkcd'F‘

of F' and Ca® m hard theock It
fa the sheleson » amociatcd with an incorporation a the hydraxy  pade ey
tals, probably through 0 exchange with OH-ons. .
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In the praent work we have compared the antocadiographic drtribution
picture n scctions throtgh whole pregnant mics and young rats at shon mivals
after the injectlon of NaF® and CatCl,.

In order to ¢l distutbing fofl from huological vamation the
dumbuuono(bothlmopuhubccnmd:cdou!hcum:uum&l—lpmccdm
which does not seem to have bheen uiilized previowty and which we have termed
doublr botope autorsdiography

The widely diverse decay rates (half hfe of F** 110 mun and of Ca® 155 days)
form the bain of selective regutration of the two 1otoper. With appeopriate
dosage of F* and Ca¥ the iniually dom g F* radution can be regh d
during a few houn without detectable interference from Ca® After the decay
of F! the Ca radistion b regittered on a second film during some weeks

exposure,

Mcthods
Radioactive fluoride solutlony wert prepared scrording to metbads dacribed eardier
{Cascwmon and Ustiamro 1938, Parcwos Urizean and Arviosss 1968) Thoe methods
indude 1be production of F* by peutron tyadisilon of lithinm hydronde
o0 of F* by dinfllation and concentration of the nettv ity by cvaporation of the dotlliate,
Ca®(2, {spec. act. | 74 G/g) was obtalned from O RN L, Oak Ridge, Temn,
A

Three albino mlce in advanced pregnancy (two days before experted partusition)
nndmlwrdd.nﬁ:onnmudhmcapaimmmw:ic
administered by Infection kn a ]l veln. The rdiofinoride solution was
oflowed by that contmnlg the radiocalcium, The T dose was about 2iG per g body
w ight and the Ca® dose about (LO3C per g body waght.

mmhﬂmmwmmﬁamzmhhwﬂum&m

' and for othcr animak 30 min, Tho slghily ctber
/naukmhmnﬂmmmﬁmnﬁ?éommmpmmm-w
—78° C.

The frozen anumals were soctioned in & refigerated roamn st —10* G, Sagital 20 5-
mmmmwwwwemmmotmmhmngﬂbm
dned n modified Glick-Mal pp before the 4 cxposure.
Hmhmmﬁwﬁmmmmu@wmw
avoided by making the cxpoware at # lower temperature i boves baliffled with COr

mow

earlier (Ute
The wtorsdiography was largely made according to mcthods desenbed
wino 1958, Eaxawoxn and Uriages [936) mmmudms«nxm-h(sam)::
hodirex (hodak) The exposure ume fo the case of vegmtrauon of F* was bowre
.Mydlmwhwﬁm%hpwdmnmwwm& whidh
ve Ca® worndiograme after 3—3 weeks,
FAHnncmudw after the decay of P nwmwlw‘;‘w"ik
biackenbag, which proved that the Ca® did nos tacerfere poticeably duneg regiatre
bon of FI¥

Resalts 1o the
1, {3
Fig. }—4 show the of tr Owang
h«:nduﬂm cncrg;vuf Ca¥ Uxe'ﬂrmlmim of the Ca¥ autoradiogrems 3
betrer than that of the F* autoradiograms.
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haart Irver

FiE. 1 a. Atorads g e i Fo
pregoaat mouse, 2 mioatry after
mhmdNﬂ+&m"manhﬁMm

sepul beart hoer

l‘&lul«m—.dn.nm mm—ul’;ll,ﬁmn(thmd&u

Two minutes after the intravenow  dmnotaton of the two sotopes the
blood concentration of both F* and Ca* 1 etill fanly high. (Fig. 1)

F1 seems o bave been taken up relatvely more rapldly i the hard thwucy,
while Catt 13 scen 1n rather high concentranon in some soft tuer. The con..
centration of radiocalaum n muncle fascuae, lung, skin, and fiver b comder
ably higher than in the blood “ane of the 1otopes occurn 1 regustrable amounts
in the central nervous system and the foctuses show very Ll uptake,
813013 dcta phymol cond. Fel 53
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bran

scapsl  womoch ki &y losuess

blood.
The Ca® 1 clearrd from U
Autoradiogram of Ca® from mme section a1 2 & bload
{?u:n‘:bnmd&'ummlhbﬁdmbmnhnhmemm“d
rriacosa xnd consewts of the smal) mtesune.

intravenous
the distrbutsan 10 a pregnant female 30 min after

e 'hw., Striking diff now appear in the distribrution patterrs of
F' and Ca®#




AUTORADIOGRAPHY OF F4-+Catt 343

P has sccumulated selectivel 1n the hard ussues, vhich show ery hugh
coocentration. All soft tissres show a low and cven concentraton of F except
the reval medulla where an accumulation can be seen, obviowsly in
with excretion of part of the injected radlofluenine (The presence of F' 1 the
gastne fumen, which has never been Doticed 1n our previaus F© studues, s prob-
ably duc to the fact that the moute has lapped up same unn  oc taneconta
mimted material) The blood hows bout the same F concentration as most
of the soft trwuer.

The Ca* seems to have Left the blood atmant totally Itn, however not at all
4 selectively located In the hard hates at 19 F' An  pprecuble concentrat on
o Ca® can be potced in some groups of stmated muscles. Thus & very high
ontentration of Ca®™ can be seen in the muscular part of the diaphragm,
“hule the tendinous part does not show notceable quantrtics of Cas* A high
concentrat on of Ca® has been found n the myocardium oa other sections.

High concentranon of Ca¥ n seen in some mincle groups in the stermal,
peck, and pelvic regiom and in sxme facial muscles like the muscles of the eye
10d the tactlle haury. In some autoradiogram it is evident that muscle bundles
famming In one dvection thow high Ca  uptake whil other muoscle tundles,
croming the first-mennoned do pot show noticeable concentraton of Cast
The muscular layer of the ocsophagus also shows high Cat® concentration while
the concentration in the intmtinal mncles 1 low

The excretion picture b abo very different. Whil the P 13 excreted
in the kudney the Ca concentration m relatively low In the krdaey but tgh in
the mtenne, capeetally in some loop of the ymall utanne, The lver thowa a
Iobular pattern in the Ca® sutoradiograms and dgm of & slight excrencn of

Ca¥ via the billary ducts are seen.
The central pervous system after 30 minutes atill shows very low concrntra-

ton of both F and Ca** Sigm of actumulaton of Ca® are, bowever seen in
the chorowd plextn, The factines thow & selective aptake of both P! and Catt
in the mineralised bard haruc portions.

Another pregnant mouse, killed 30 munutes after the njection showed a ery
similar dutbaton of both F* nd Ca® Thus high concentration of Cat® was
found in the duphragm, myocard um and m  bout the mme groups of wkeletal
musches my in the aforemeuoned case.

In Fig 3 th dombution of F! and Cat bs compared o 2 13-day old e,
Klled 30 mim after intravenous Injection.
The F' has as wrual accumulated selectrvely in the hard theres and 1 also

e in the Kdney
A clear difference can be noted in the distribution pattern In the teeth (sce

enlargement Fig 4) The P uptale in the molar cname! n very dight in
comparison with the denune, whil the relative epame! uptake of Ca% n conud-
enably hugher This does net, haweser come out wath the uneropted apper



dermem

Fig. 3o Autorsdiogram of F!_in & 15 dxy old rat, 30 whortes after Matravenou Injeciion
+ Ca¥ Accammlution of FU* can be scen only da the bard tarses and (due ba the cxcretion)

of

neck mwecher carfTlage pomach carfiag

cortd g heart blood \ Lver Inkesmes
myocardwm
Fig. 3 b Autoradiogrem of Ca® from the me section 33 3 0. No Ca_can bo seen fa the blood
“The highet upake can be moted 1a the hard but  falrly hugh comeentration can sl
Lrver

Iumellunlludn'bcnrdhgtmupukcufcl“hwm,wﬂchb]m
than that of bone but still marked In the Ft autoradiogram no corespondung
upmkec:nbcnnuctd.Ammhrdxﬂmanbcmlndnno(Yc!ﬂﬁfd
artﬂagcoflhcpdwcboncnndnpul;Afurlymghmmxnmumhlbnm
i_nm-n'rcx:uuat:lcimt.l'u:m:t:.kmg-m.-u.ndmv.hc|-uyq:yar1:lm1-u.butv.b-:v:!-m[:ﬂ‘ﬂ'le.'In

in thn case shows a low level
A high concentration of Ca 15 seen in the 1l o The intatne, espeally
the small shows an I of Ca 1n ts mucosa and content-
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Gtrhms lower mOtor  eaemal

l'k-ul\m-.a.gmn(r-&mﬁ bend of & 13 days old rat, 30 minwtes after intravences
kylon of Py Caw Note low upiake ba the cnamed of the wpper molsn

-k macles

derine  lower mcwor anemel

P 4 b Autocadisgram of Ca® froe the mme acction e 4 4 Noso bigh wptake i the easmd
o the wpper molan

Discussion

Tn the above description of rosults the bass of comparnon between F and
Catt distmibutions bas been the relau © flmblackeming by different trssues.

miennty of raciation among different tismoes.
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Concerming the dustribution in hard timues the observation of & relatively
low uptake of F! in the molar enamel agrees with the low concentration of
fluonine found m chemical analysis of the enamel a3 compared with the den
tine (review  BRroouares 1956)

The inference of the observation that Ca* but not FY* sccurmulates in cart-
Iage 10 young animals may perhaps be that the calcium b not yet incorporated
in-pudt.ccryttlh,whxchmybelp-rcrcqumtcfurthcupuhufﬂuodnf_
Thus may be of importance for estomating the role of high doves of fluonae in
sclerotzation of cartilage xnd ligaments and deserves further study

In bone, bowever F1 and Ca* show a more coindding distribution patiern.
It 13 evident that differences in dutnbutin coocern arpecially the soft e

The most astonishing findmg #s the high concentration of Cat in certam
muscle groups, especlly in view of the low total calclum content fouad m
muscle twue (Evimerr 1946 Grosa Brocxmorr 1930, Brownrx 1938) As
the hghtly anacsthetired anumals made warding-off movements at Immersion
lnthcfm:nngmlnumnbmmbkthnthemmduwh;ﬂ:wmmmnﬂ
in the freczing moment maybcd:ccnmthntlbmvhxgh&“cmtmtm‘bﬂ
wutoradiograms.

The finding of Ca¥ ncg'ldvcmmclcb\mdlucmmng&“-dchbunﬂhﬂly
wuapport this theory Thcohdv-mmypahap-bcyutinrdldmwd‘
finding made in investigations with fsolated muscles thowing that the strength
nflrmnr_lcumtrl.cucndc-pcndionli:cc-laumiouc:nccntﬂhonlnd‘lut
x vey low calaum concentration completely prevents contrachon (Paz-
scHwoEk and Brecer 1961)

The posibility that the dustribution of Ca# 30 mn afier intravenom mjection

7/::mtmprﬂcnnuvefor;hed}m{buﬂonufmulaluummmtbtu!ﬁm
Inthbcunnccuonnrmentﬁndlngo(umu-ndmm(lw)m”b‘w
woned Suncdnuamcdmuchlmdwcdcd&“thwﬁhﬁ”w
thmmrmﬂyfcdmumrp&mofmcquﬂygfntm‘imww“dw
uﬂymlytduluumlmuugmcnmgmnp-dmhnlhﬁﬂtl“mw
gutedmunmp-mnmmgnftbcw\jmtedhbdmﬂx
pooh.

The authors with to thelr » O, Exaxno for
mwmmh.m&mm&ﬂ:.ﬁwumdmmwdﬂ“ﬂ”m

G Bloth und Physd dafhmmﬂdawﬂ"“‘*

oo, B Dispostion of intrapentoncally injacted antchom-43

Physiel. 1958 41 7671782 oS FPR
Eaxmeor Y m&umwmmﬂmdmw
mice and rats. A sdhat xosd 1958, 6. 363374
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Irmov, Y S. Uttarss and L E. Arrtioary, Autoradiographlc localiation of radioacth
cwrrec (F) o developing tocth and boac. Ao ekt wamd. 1960 12 32261
mlLled.nlEncbcmnlry Tew York 1946,

Berlm 1930

[ora, R Cand D LCnﬂ:,An pparent duference 1o the rewal cewrance of calchme45

5 A stodley 0a the $on of labellcd deags bn the body II
U'(.htCnnLPtlﬂHUnd‘AmmkEnﬂnl”&ll 248,
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From the Instiunte of Biological Chemistry Univemty of Copenbages, Denark

Osmotic Behaviour of the Epithelial Cells of Frog Skin

By
Exm A. C. MacRorse and H H. Unma
Recdred 24 June 1961

Abstract

MacRoaxse, E. A. C. and H. H. Usrvo. Oswiic bohcww of the
epithelsal cells of frag e, Acta pinydol scand. 19¢1 53 318365, —
The amotse behavioar of the frog akin epitheinmm has bren mver
tgated by mitroscopee measurements of volame under dfferent ex
. Sumutt of potentia] and

short-arcwt current were made. The effects of clmnges m tonicty

than w the mwerd facmg one.

+) Applcaton of antidrurcts bormone 16 the mmds buthing solu-
Uoa Encreamses the water permeatulity of the oatward fucing boandary
whereas b mward facng membrane = unsffectod.

5 Intubinon o the mctn  soddnmm transport by either g-sropias-
thm or by low pH m the insude bathen solution was accompansed by
2 pronounced decrease m the pamrve bon permeatilites

6) The ronddts strongly mdicate 1hat potasium s traoyparted sc
tnely from th innde bathmg sobution Into the epitbelium.

Proent e Botany Schond, Cambridge, Englund.
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Previows siodies have Indieated (Rozroen-Joioex and Umixo 1938) that
the electnie potentiad acrom the frog skin ean be sutisfactodily explawed on the
bass of the following anumptrons

1} The ourward facing boundary of the epithelum 13 permeable to CT°
and & few other small wnuons (B~ HCO") but vartually impermeable to larger
whon, 1t 15 selectivedy but passvcly permeable to \a apd Li° whereas B
and all other catsoms permeate extrermely tiowty of at all

2 The mward faomy membrane 1 permeable to ko and € (and » fow
other smalt som like Rb NYH, HOO™ Be etc ) but mpermeable o large
bons fnclnding "2 L+ and 507

T} The mward facing membrane ©» provided wath & soduen pamp whrch
extrudes sodinm from the cells, probably in exchavge for b

Whereas the exstence of the actve sodiumn transport - the  sodium pump™
~ has been well establubed (for references sce Usaxo snd Zrsasx 1931)
2 was frlt that the specific pormeability properties pastalated above ought to
be venfied by observatioms which are independent of the potcnual messure
rents. It seemed likely that & study of the ohupe changes of the eprthelium in
'ﬂmfumdnngumdmmmpmuanutlbcmub-dnngnl twons could pro-
vide the desred information  bows the some selectmities of the o epathedial

Thars, {‘hcmudhumgmmmnpammblcmkmlm

¥ o NaCl  eplas of the \a of the imsde sol ton by k
thould lead to diffumon of hCl into the cells and thin to o1mons swelling. The
ume procedure applied to the outade sol non shold lexd to a shght shrinkage
£t s true that the ouser membranc s permeable 10 va but not o K

Therefore the method bed beiow wax developed, perminiing
Incroscopse measurement of the lume of the frog skin epuihel um under di-
ferens expenmental conditons meluding changes in soomty of the bathing
solatsons x5 well as sorue replacemenn (K for Ma 50 for O ete) Inadd
n reatments hnowo o influence the scve sodium tramsport were stodied
for therr effect on eell yolame. Thin the sodium transport was enhanced by
thort-csremning (Laaxa and Zexasn 1931) and by treatment with antduretic
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harmone (Fuaksax and Lrexg 195); and mhibaed by Jow pH Lnxo 1949
ScrorrexmLs 1955, and by treatment wath gstrophanthin Rorrars-Jowarx
1957,

The expenmeptal evidence conoermng the o pamnlﬂﬁ.ﬂobuhtdm
these stodies cosely parallels that fiund by electrcal measmrenrot.

Methods

the brown frog, Kewe
mm-mdrxrmm}ymth:-bdmml‘h:cfmd m‘.::g‘_

Rioge” sclotons pasd n gnen o Takd L

The sk was mooumed on b mcrowcop- stage as shown 1o Fig. §_ 6 Ly s 002
thread 00 a grooved plastc rog dmmeter 3 em, beight 1.5 an) -hbﬂ:;ﬂ""hm
ﬁmmmmmmmmmmmdu
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mww&hdmmhm‘hﬁmmhhm
o variow dlwiom of siphats Ringer (R, 3/4 R, 172 B)

tctwith  thin glam wool pad 0o a thaliow huctte diths. A regular Bow of solution through
the yimm ool pad bathed the oaidc of the skin and & flow was aho maintamed theough
the chamber formed by the ounkde of the tkin and the wall of the platic 1ing) this ak
Iowed rapad changes of the solutan butlung both sides of the skin. | olime mcestire-
T W ere moade microscopically The skan was obwerved through s Leia water immers
%o ey fn the oxtad  bathing solunon (objertrve magnification X 50 eyepeece magni-
faton x 123) The objectrve was electncally tosudated from the body of the micta-
*ope by plaroe nog The verthcal dtance between two seferenco polots, ooc on the
outaidc wirface of the xkm and the other on pq-mcmctllm:-x:n:«'ﬁ.m-:lybdm,,_],‘,,pm,F
Eal cell leyer waa omng the clibraned coatrol of the

By carefully choowng & spot where shrp lise on the surface calbcided with & sharp
outline of mlanopbore cell underneath, 1t was pomible to determioe thiy vertical
distance betw con the o bevels with an accusey of bout |

Under the conditions of the cxpermnents the area of the sk (and thin of the epithye
¥um) remanss coneant. Thercfore any change m the  ohmae of the cpithellum |
Proportional 1o the change m herght. Lateral movemens within the g},
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Table IT

v v \T1 Water perme-
) () W abllty of bumer
membrane
(104 em/me)
Range LU 12— 31 16 — 64 15— 3
Mean 58+ 3(25) 21 1 (29) 225 ntli(w
(with & E aod oo
of sane bn brackets)

It was possible to short-cireudt the skin {n thh set-up. The recocder was then veed &
described by Mutihey, both t malntain the skan with roro potentlal acrom it wad

unifem coverage of the skin as posible. The varlation of the shoricireutt aoreat
the powtion of the outside potential dectrode was, at wont, 5 per cent %0 that the Scd
over the skin sesmed to be reascnably uniform, o spite of the acentric positiors in the
outside polation of both the outskde current electrode and a large conducting body the
macrowcope objective  t ity working distance of 0,44 rom. Al the conducthvity of Ringert
solution # high enough for the skim to be ahort-circnited even directly wnder the Don-
canducting Jens (2 mom dumeter) of the  byective.
After mountieg the tkin volome snd potcatial mesgrements wore mads for 1-2
hours until th :thndrmchcdluadylﬂmodywhmthhkrdhldbccnﬂrmlf
bllshed were the experl 1 condit cln.n.vdur:lthr-cmm:qr\aauvcﬂv:lmﬂlﬂﬂ
sal changes followed,

Results

(Aienuthlwnuu‘wwuh,m uipbate Ringer

W th nulphate Runger inude nd sulphate Renger or dutilled water cutsde,
changes 1n the toniaty of the mlphate Rnger bathing the sande of the 1kin
produced regular and reproducible volume changes i the cpithelial cell layer
Atypxalumofwlum:lgﬂmdmciumchmuparmcmhmawﬂml:fd
2 On dilution of the 1nner solution the cells swelled to & new steady level, o
nhnnklgﬂnonrdnrnmnmurcmmmtcdlalumm]"dsmsﬁmdx
rcvan'bﬂltydth:volumcchmgunomlummmorlmLheu:lhh’l by
salphate medium. A shight xhuft downwards of the nadymmkvﬂx;a.y;m
lcﬂlduﬂngﬂxﬁmmmng.ndthnnkingcydcinduc:dmllhn,“
mtdﬂmmﬂ)lylmgbutdm&uou}ymu:mmpnld“m;
l:nnc,nomnuah?wuﬁ.mdmepmcc-ofc.hm;tn‘th:mwtpf’”‘
repeated. Ummwmdm:pmwmugwmdmﬁmhm
volume the observations d ated that the ‘Wlumdsaﬂna
waemnddmhlynmﬂuth&nthcfucmlchmgulu!bomﬂﬂfyb‘wlm
ﬂutunlyuumnplnofthemm]cpldldulvolum:pnrmp“ﬂdm‘
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Fom TR sad then 0 sccopweon | 1 suipbats Rioger (17 3R eclpluie
Riegr vares the miasde medea 4 chionde Ruger
e ) B T S e e L
meﬂmu the \a e
chionde

%mwm@a-uwﬂymﬁaﬂ%hw
nes equavalent of the nop-oamoHT ohume V  the thicknem equvalent of the
osmotic valume V. .ndy_h:manm-dm,cbmv the arperimental data were
foand to fit the equaton

V —V = constant tonuslty

from thicknes equivalents of noo-omonc and axmonc volumes could
rhach the shown to hald m solutom of werddes relative

1.35, 2, 0.56, 0:67 and 0.75 The rates of melliag and
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Tobbe il
Tasde Cratside Chotle obumee (4} o~} Cetl chioride (mdf}
sodution hloride

{mA} Range Mean Range: Mexn
Rumarx. s 2~ 42 (6 44 - 33 € 1 206
Rrvorx o 13 -3 | M RI5(I0) w41} 3L

concentration difference (mola ey} The above relaton between coll volume
2nd toncity justifies rwo avumptions o wiuch the interpretation of later results
s baved, {13 that changer w volume give e to changes in besghs of the eells
only without any latersl expaason, wnd (2) that the volusae chaoga are not
vesiricted by elasucaty of she cell. Table I1 summanzes the vonults obtmined iz
these experiments V' s the thickniens equevalent of the motis volume in ki
pre-tquilibrated 1 slphate Ringer

Changes e the tanafy [ the exisrde bathing sslxton ruiphale Runget
The volume of the cputhehal cefl fayer in nulphate Ringer sal appeared
ta be wdependent of the toniaty of the cutside battung soluton, the volume
remaned constant whether this was normal sulphate Ranger or distilied water
Siace & change of | 4 i the seady Jovel was ensily detectable, the tousity of
the ceil bathed n suiphate Ringer inside and distilfed water cutude wis at
feast 21/22 af that of sulphare Ringer {wng the wmenn value of 21 fox V
Table 1) tha puts an upper Lt on the ywier permeakslity of the skin
‘u’lrd!ﬂltoﬁmdcmlummoflbomlﬂlofthato(lh:mmmtmm“
Sabout v 10~ cmfsec.

Voleme changes follsnag the sxbiistutin f chloride Ronger for swiphase Ringst

When the sulphate Ranger bathing the imde of the skin was ephesd by
chlorsde Ranger there was an matial shrinkage, of the e and amount expeeted
from the relative tomsatiex of the fwo saluuons (cf, Table I} but tha was fol
lowed by swelling as chiorde entered the exll (see Fig 3 mﬂndmuchhx:
concentration could be calculated from the cell volumey and the tonabes
the rapectve solutiom unng the equation

L=V %~V 1)V 2

where V oand ¥V are Lhemhdnrdcdivolumaiu%cmdkﬂpb“
Ringer respectively and and 1 are the exmaolantes
solutions. The equation n dert ed on the asumpton that l);kcccmﬂi}\ﬁ:ﬁ;
.ﬁcnthm—equﬂ:tnmmd?)dmCrmcmuxealh-hhmcq poil
xmountof K It way found thay, n general lhrmﬂw&umcmddﬂ“m“km
centraton were udependent of the tomaty of the outnde wlutin,
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4.\ chuzae and posential changes ea diludon of the maside mectiun chlorkds Risger.
mdlumlﬂﬂchhﬂdeknzﬁ
the I micrs bower can  1kdn potensial in

Abscuea tone in ko, Inside mecimm first ordmary Risger (R) then half Ringer (R/2)
and Bnally Rioger again.

dependent of the outnde sodium chloride concentration. Thus » shown m
T ble 11T 1n which the mean volume and chloride concentratioos are given
{or the skins wrth chloride Runger inde, and either high NaCl or no NaCl out
nde.

Such obscrvations chaarly support the contennon that the outward facing
membrane s permesble to Na and CT but not to 83O~ Fig § shows the
potential and volume changes smocated with changey in the kmic compos-
tion of the outside and innde media. In the first 3 min of the expermment the
outride medhmm (sulphate Ringer) n unchanged whereas the onde medinm
n firre yulphate Ringer and then 1n ruccesion half sulphate Ringer sulphate
Ringer and chlonde Ringer The slight increase 1n potential followmy the dilo-
tion of the sulphate Ringer probably ls due to the increased potssinm gradsent
cellfinnde solanon. Th  potental mcrease following the shit to chlonde Ringer
1nid reflects the outward diffusson of chloride sons

After 95 rmun the mulphate Rmger of the outdde solution s replaced by a
modified chlorkde Ringer in which half the Na has been replaced by potas-
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Tabls IV Scrvlling after swbstitutum of 3] o-chloride Ruager for Rengor an the weside

Infthal Time to Subscquent Thoc fc | Strinkage
wnelling peak sbrinkrgy shrinkage o per cent
73] (min) ) (min) of falthl
rweling
Range 10 — 20 5—13 313 s—17 n-n
Meanof 11 15 41 [} 708 14 Y
Shrrakege en retarn to chleride Resger
Instial Time Sabeqwent  Time ke Swelllg
shriakego trough seelling swelling o5 per coat
] (min} () (win) of fakhl
shriokege
Range 7-19 4—10 3-8 13 — 40 3 -%

Meanof 10 4+ 1 7 503 » ¥ =3

num. The potential drops precipstomly whereas the cells swell, both pbenor-
ena indlcating that the membranc s readily permeable to chloride. The sub-
scquent sonic replacements in the outsde medium show that the phepomenon

1 revenible and depends on the amultancous presence of CI” and Ma In
some skins 1n very good conditons this volume change with outside chlocide
Zoncentration was pot found It appeared that a few skus arc capable of main-

" muming a low cellular chlonde concentraton even with full chlonde Ringer
outside, etither by a lower sodium chlonde permeability at the outer membeane,
or by a more cfficrent catson pump. Itm.ybcdnn.hhap.b:htyhmofnddc
spread in skams which have not been exposed to sulphate Ringer for 0@
hoars.

Changes in the ety of the mnds bathing solatim. chlorrde Rouger
Ind:n:c:x:Lb:ncwnudymtcxtuplﬂ:rldungeln!onldfyd'b“m:'
baﬂlmgwluuonnmchuibymtafbod;m.ndmlnmmgdm
of the cell respectvely mdLhcrdm-eLhevu!mcdungumlybcﬂ'Pﬂdd.
show diffcrences from those in sulphate Ringer where, 1 the absence e
pcnmhnglmon,oulywll:rmlnthem{mﬂdhﬂﬂfdhf:‘w
uumd:mcdmmwulmchlmchmgu-LhmughcuLAtypblmh e
LnFig4delb]eIchlkﬁ:Lbcchnnctmrduaflh:amW
ulgz:mucrcnduhhwmdmnmon]ynv.h:mxhnum;moumofm’n:lf:
mﬂﬂumnufth:nmchmgcrwhllfmgthmnudmblykﬂ
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Fig 3 Volmec usd potcntinl thnh‘dnﬂ\.lrlﬂnd’ubchﬂd:cﬂcrﬂt
%n‘ (wmhﬂ'w)

potemtial ba mTtrohy, kower curve- thucknom of the eplthelm

-

hoxm.

At time the inside medium s ordinary Risger At the first arrow this medium
m:ﬁmuwmdmmumw pa-nm(mpa 3]
At the scoond arrow tae akde medizm wae changed back to Rixger

norma! csmotic volume m Ringer (21 & 24 Table 1) but also that the
curves thow a biphanc course resulnng in o pronounced peak, the new steady
kevel being reached after a mean shrinkage of 7 . The yolume of the eells on
retern to Ringer shows very similar bephasic changey in reverse. Ths sug
gorts that the loas whose loes fram the cell pleerd in 1/2 Ringer leads to a ro-
verml of the direchon of water movement may be rotored to th  cell from
Ringery. Since it has been shown that the imide surface of the than 1 much
maore to potamium than to sodium (Korroxn-Jomaxw and Ummng
1938) it i1 reasonable to suume that KXCI 1 the mlt involved m the process,
Thn was confirmed by ing the K o by flame ph y
Obe:wduuummm“n,lndccd,lmt[runlhzthnLnlﬂRLngumth
inside soluton. The ton was ted on the plastic rmg with the mnde facing
upwards and left to equilibrate for one hour with Ringer inude and 1/20
Ringer bathung the utade of the skdn. After # brief nme on the imide of the
«kin with Runger 3 m! of 12 Ringer were poured on and left for 12 bour
23613015 A ta phyel sremd T oL 53
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TMVWW&MQ/‘UON“XW-L&“

Swelling Ratt of rweifing.

) (/b

Range Mean Range Mo
Rane tompomria 25— 48 (R4 (3) BT [H1E(H)
Rana oculerta 52, 53 2 D4 Q)

T]:u-oludmwulhmmthdnwnmdmxly-:dforpomdmAk-dpﬂm-
sum of 009—0 13 ymoles per em of skin (4 vahues) was calcalated froow the
resuls  the Jom predicted from the osmotic volumes in Rmger and 1n 112
Ringer & 008 4 0 02 ymolas per an

The ngnificance of the biphanc course and the peak will be more fully dis-
cammed later It was seen in all normal dilution expenments with 1/2 Rmeer
bat could be abolithed by poisonmg the skin with strophanthin,

The water permeabiity of the fnner membrane in chlonde Ringer wa
estmmated from the mutial sope of the swelling oc shnnkage. The mean valoc
from 12 skins was (23 + 2) x 10~ crafsec. Thuy there seems to be no dgmbeant
difference between the water permeabilines of the mner membrane bathed i
hiorde and 1n sulphate Rnger solutd (See, however the duanmon.)

Effect of replacng Na by K tn the tasede solutron
When the chloride Ringer bathing the tnude of the skin was replaced by &
mixture of normal chlonde Ringer and potamuum Ringer large, regulst
/revensible rwelling resulted of the owrtude solutian was dntilled water or dlute
Rjngﬂ'lulummmobmncdmﬂncmchmﬂltmlmh
Fg 5 and the roults summarnzed o Table V
With Ringer outside, the effect of sabstatution of some potamdum for sod e
in the inude solution was very vanable same skins showed little swellng ades
thucwndmum,lmpwvﬂyunguhrwdﬂawrymdﬁn&lnd-fﬂm
gave emooth curvey, but with dover and smaller swelling than with very difute
salutions outside. This can be qualitatively expluned on the bags of our asump-
tons, although the spstem has too many parameters to permit & quantative
explanation of these experiments as yot.

Pobiome changes assocrated toith chort-coruitmg the thia
Smncmmmuwcr:donemwhichw:wlumewmamnddm
altermate pertods of normal skin potentlal and short-crantng Amnllrg;
dudble volume change was amocuted mhv.bednnguindcmummi‘
but both swelling and shnnkmg were found. Most skuss swelled by 2 w_:
on short-crcuiting (6 akms) but 1n 2 cxperments a shnnkage of 3—4 ¥
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ﬂml Riager+ 10 T owabaie

o 1 3 b
T 6 Velume snd potcathl changes produccd by ovabain (p-strophamthing 10~ moler
_'g'l‘h“*-u'pwmvt sin poteasl o millivols bower amrve thacknem of epithelium fn

Efuct of owabain 19 the prssde selnton

Ouabaln, in a concentranon of 10 M has been shown to inhilut active
wdin transport 1 the frog sk (hoxrorp-Jorarx 1957) and it effects on
volume and potental vere therefore studied. Typical valume and potental
changes are shown m Fig 6 in which ouabain 1 sdded to the 1nmdec of a skin

dange for 30—30 mun after dding omban, but In 2 exp. there was some
#elling during this period of | 4 and 4 a ropectrvely In 4 exp. In which
o further sol tion change was mad  thn penod of steady volume vwas followed
by sheinkage (of 64 7¢ 8 s and 13 p respectvely) mmilar to that shown
m Fig 6 Fig 6 Lso shows that the chamctenstic baiphasle volume change
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sormally produced by appheation of 112 Ringer i replaced by swelllng o=t
afier treamnent with ousbain long enough to produce the above mentoocd

/Dmingmcﬂznpcmdlﬁcrwabdnmmmtdwpumnbiﬁw:;‘i‘::

dicted in the atsence of mlt movemnent.

Law pH
U:prmduumd:wluuonhnbcm;hmmln)ﬂthww&‘m‘W
(Bexorruss 1956) and a concurrent effect on cell wplume mught ‘h“"i:;
be expected No such effect was found. When Runger buffered to pH 53 %
5 per cent phovphate bufier wn;ppﬂcdmtbcmﬂdcufd’wlﬂnﬂ*-w:‘“w
&ur-.pidlybuIMNclhnguflhccdbwuob-a’vui-Sichw s
without swelling 1uggests that the permeability of the m:n:if‘:.cﬂ
beens greatly reduced, the water permeability was also
ofpl{gnlztl:tyufotmddutupﬂsgmcpuwmbdhyufdzm ©

r
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Tule F1 Efect of pH om waier permesbility
P Warer permeatibity of bnner mevabrane

-3

 water was reduced to about 50—60 per cent of i valuc at pH 8, and that

the change was revenible. Table VI the resalte (The difference

:‘tmlhnvﬂn:ntpHBudthuqm:dudchnmmaldlﬁammm
frogs)

Efcts of atr-dixratsc hovmons
The effects of anti-diurete hormone were stodied by adding insipdin to
the innde bathung solution (1001 U per 1) This subatance s knovn t increase
'btmnaucpu-mc:bﬂnyufd!e;ﬁnuhdeluﬂngthcdiﬂ'mknpambﬂny
¥ water nearly unchanged, by increanng the pore nze m oac or mOE mem-
ranes withun the skin (Korrozn-Jorsex and Usrco 1933)
After treatment of the skin wath immdln It was found that the cell olume
hm‘PmRhguwnmhngamdcpmdmtdthcwmd:mehmthc
Water permeability of some layer between the eputhelial cells and the outide
wolaton must have been moreased by hormone treatment. The water per
Meabikiy of the outude membrane of bormone treated cells was obtaned from
te inrtial rate of swelling when dhstilled veater replaced satphate Ringer on the
Sxtude, the innde bemg sulphate Runger throughout. The water permeabil
“u’tiﬁiﬂcm.ﬂnbﬂncwvduammcdfmmrwdhngﬂmudmfbtdm
P-9. An independent value for the rano of the water permeabilities of the two
Pembranes could be obtmined from the equilibrium values of the olume
hanges 1n these expenments mnce the degree of pwelling must be determined
by the condrtion that the otmotle flow through the outer membrane cquaks
‘h!ﬂnmghmcmmmmmmmmqulmtb-t

P xom=Px{(xz-—7)0

P/P =(3—1)a,
“here P it the water permeabllity of the outer P that of the inner
Wm%umm&mmt}:cﬂmthm
Premure of the itnde solubon. ¢ 1 calculated on the smumpnon that the cel-
Tufar contents of solutes remaln comstant even after hormone treatment. The
valoes for the hilicy ratd Iated & £ to the latter method
“ere m good agreement with those obuined from the mates of swelling (sce
Table vIT)
Commercial preparaism of vampromin from Atired Bemsn A'S, Copenhagen.
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Tuble VII Iater permeshilitles of hormons treaied chins

Exp. Memmsred wter  Measared water  Ratlo of Ratlo calowtaed
t s (o degree
Lowide pifsee.  outride pfme.  (fom mies ol of mchmg
o cliing)

A n &3 14 13

B 2% 41 63 7

c % 22 17 1

D 2 13 L) 4

Discussion

The results of the effects of tomaty changes in sulphate Ringer indiaste
d:ntofv.hc.‘}Spcpidumnonly?l/tnomnacllly-mvc.dmod:l:rﬂpﬂiﬂ!
mpanuom:oucdnngu.Thnmlghlbcn-phhcdd'hnanmntdlhnﬂmﬂl
mcbnnlhyﬂo{cy]]ndrnlephhrﬁmcdh,mcmnnngcmﬂnlm
m&wmmmmhtm:wlumﬁdmmﬁmﬂ
momumﬂymmuth:rdu:tolowmm—pumbﬂhycrmeﬂ
mnlnhtylohita:ndd:cn-ulytuurbcumtbcyncmcdmmuY“”“m
towlmechanguﬁ:nhnmcmﬁemmbeacuummnmowﬂim
mthecp-dxlnnndu:mmcommuu(pmtcmmdotbcrwﬁdsw
\wl-kl:ucl:clu:cl'.m-_lxnfy'.l:nerc_[-'.m:lmpcn".lnucc\l’t.hcset.ln'l:ei.'u:u:u'lu‘”‘ﬁ"":Y
1ng the effective ommotic volume.

malcum:dmmcncqmvﬂmdunmkwlmumgwdw
ment with the actual thickness of the stratwm germinatvom &4 =
hustologrcal sp (see for Eseanex and Hosmxo 1987) The
ohawdvalucafnhcmmpamabﬂityofdrcmnamunhﬂnﬂvﬂxwﬁ:
mﬁoc.u.mmeﬁfmormzmponudhym.ndw(mn
th:humnnrudceﬂ,hnuwimmthcnngcgwmwmﬁmdw
(1953) for -.ﬁomeggmrhnu.lwwmdmuyxummenmcmbv
Kasrva and Tazawa (1936) for Vualla. It is pomsible, however trmt the ofihe
farmamrmglhcnmofnvd]mgundaﬂﬂmltﬂﬂt“lﬂ'wmbmw‘h‘}y
mmmmh:mmmcwmmmcddtlhnﬂlﬂ‘ﬂ?md”:ndm
mmnghycrofozmo:,mmdummmthchﬂﬂﬂ&”l“w‘dmm
eputhelum. The diffuuon delay s ths Layer for Na has & balf tme &0
1.0 mun (Hunuxoudele&hwhmhhno(ﬁrﬁumUrhﬂf‘h"“
motic swelling of the epithelhal cells.

Thcrunlud’dnn:ohhem:mdwlumm-bawlh““”‘h‘\'dm
centrabon of the outnde solution rather than i toniaty which the outer
cell valurne. Tt could, however be the Intercellular cement whoch
wncﬁdcdhnlhammcwmepmcﬂnlmﬂmaﬂh‘wpodfwm
,mwnﬁmchme(mm)mmwunqdm@m
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The increas- In water p bility after d mist be produveed
byulnmmpacnxinmxhytrmwudsdtoutﬂdcofthc:hn,m
though the hormone b effective only nwhen applied to the imide of 1be skin,
The biphanc form of the corves obtalned by tonleity changes 1n the innde
chloride Rmger soluhon has moportant mterpretanom. In 1/2 Ringer the
shrmimge following the imtial water cniry implies that at the peak, although
water 18 temporarily m equilibrium across the 1nner membwane potassiom chlo-
ride b not, and the cellular product K x (1 1 Hgher than the product
K, x C, m the inside batlung solunon. This mrust mean that inhtally K, x
X Cl, was higher than K; x Cl, 1n Ringer meanmg that KC1 was not In
equilibrium acroe the mnner membrane but was higher m the ecll than the
equilibrrom level. [At the peak the total malt concentration of the cell has been
reduced to half its mitral valve 10 Ringer but the permeable soms K and O
hnebccnmducndmk:ndunhﬂ'dmmmlmmmdxmodcm]umc
hat been Jew than doubled. A math i of the rel
& +CL) peak < {2 (K, + C) sy 2 (K — K () = (Lo
— Q1 gap = the product relatron (K > Q) ., < IAK x Q)
This then gives the jnequalines 14 (K CL) ps > (K Q) (i > (B Q) 112
e = 1A (B Q) w0 (K Q) oy ™ (M) )
Th cellular produet K O, can only be mauntained ngher than the external
prodoct h CY by an active transport of ather K or 17 fram the inaide soln-
ton into the cell, and by a pawnne replennhment of the other fon. Both Na
and CI are lower in the cell than m Ringer and therefore the concentrabon
are right for a pasuve entry of chlorde to the cell a3 NaCI enters

through the ouhide membrane, and 10 & much lemer extent through the 1o~
sde membrane if thss 1 somewhat permeable to sodhm. Therefore it b pos-
sible to achieve thn noo-cquilibnum nate by an actve of potxsaum
into the cell from the mside soluton. The ponibiliry that the high cellular prod
uet K Cl 5 mainmined by an sctive tansport of chionde from the mude
solution mto the cell may be discarded as there v no other amon available to
produce a pawne enty of potanmum o the cell, against &1 very conuderable
coocentrabon gradient, through either membrane. The volume changes and
the potential hanger peoduced by dilutmg the mude slunon showed thmilar
time coursa, bat oot pont should be noted from Fig 4 When water 13 moved
1nto the cell the potennal rises as KCl enters the cell and falk 23 K G legves the
cell, bat the reverse n truc when the Bow of water 8 outward 1 this casc the
potential rises a3 the celtulas KCI decreases and falls i the cellolar hCT s in-
creanng Ths suggests that the relamve p ol of the inper bra
to K and (T somehow depend oo the drection of water flow An mward
Bow of water increnses the rano Py Py whereas under conditnons of oatward
mlcrﬂwdxmuntnnepamnbduywch}amdcuhxghrdnmwlupmu-
sum permeabality

The swelling produced by a replacement of some \a by R 1 the innda




364 INID A, Q. MACROBBIE AND II. H. UMDG

bathing solutlon 1 to be expected from the model wath the innde membrane
permeable to potasium but only very little permeable to sodipm.

The different tume counic of the swelling and the shrinking m Fig 5 can be
predicted on theorencal grounds Since the cellular product k, x CJ, b maln-
taned higher than the product Ky ¥ CI, of the inside solubon the gradsent of
KQ produang the volume change is not simply the change in the external
product K, x Cl. For the swelling the effective gradient i lews than the 3
ternal change by an amount § the difference between K, x G and K, x O
in Ringer and for the thnnkage the effective gradient b greater than the
external change by an amount § the difference between b G and K, G,
1in 80 per cent K Ringer On this account one would expect the shnnkage to
be much faster than the swelling a3 b indeed observed, but the posibilty
rmuimthndmlumcpenncab{huudcpmdonthedhmmoﬁhcgndku

The effect of thort-circuinng must depend on the relative son permentifiies
of the two membranes, and there would seem to be enough variables to o~
plun, quabtatively both swelling and shrinkage as found in the expemment.
At the xq ve desenip of these changes does not scem pov
nble.

Stoppage of the pump, parued by any p bility changes can
only}adtumdlmgo(th:celh,uno:NlC]mutluuuwlcakLnluthccrﬂ
from the outide and the imually balanced diffuson of KCl to the insidesolu-
tion can only decrease with time. Therefore the lack of volume changes durmg
theﬁmbammwo(cmbammmtmonlybcaphmcdunthcblﬂ’
ofpcrmnbﬂltychnnguuwdlunappageu[d:p\nnp.lﬂdﬂwxmd“'m
membnnnbccumcrdauvdyughtmmmdunnglhupaiod—mdﬂ’""'”[

inner membrane 1 thown by the cxperuments with 80 per cent h Ringer
yaid 1/2 Ringer 1n this period The fact that the ouabaun treated skin responds to
80 per cent K Ringer on the immde by 2 potential drop (like normal skin) shows
that at the nner membrane Py > Pg, and therefore the rate of KCl move:
ment will be limited by Pg, the lower of the two 10n permeatiliocs. Hence
the reduced permeability to RCl implies a reduced chioride permeability of
\noér membrane, an effect confirmed by the fact that the behaviour of the inmer
membrane Is closer 1o that of an 1dcal potasum clectrode after ouabaln thaa
bdemnthemndpﬂwdmwnbxmdtKGPﬂmﬂbﬂ‘qu‘iw
membrane appean to be restored or ncreased, but to account for the shrnkage

t appears that the outer membranc 13 aill tght to NaCl

Sunilar permeabality changes seem to be associated with lnhxhwnd_['_):
pump by low pH n the nude solution, without any concurreat mdﬁ‘;!ﬂu g
wsﬂhﬂ'whhthcruuluaf!hcw‘tcrpumnhﬂtyc{ﬂw‘md'mmdm
low pH n@uuﬂn!m:ughtmnghlmuﬂancmhﬂlh“‘mpuﬂcdw
1t may be that any interference mﬁhlhcpumpmcdnnmnﬂ:ﬂ;‘”
ldcawclnﬂmpumvcpqmbdluamnmnnddntlheltﬁw"“"‘"Ft
and the pasrve fluxes are not enurely independent.
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Although in mast cases x quantitatrve explanation of the results cannot be
Ftdltcdﬁ'mnuomy\mb!u,udmwcmﬁumthucapcnmcnudnt
meaxgements of volume changes m the epathelial cells, in conjunction with
teetncal memmrements, does provide useful information on which to base
7 Interpretation of the processe concemed.

Ooe of m (E. A C. ML) s grazeful to the Inrernational Federnooa of Unkveraity V4 smcn for
e Allee Homilimn [mermatanal Fellowihip held durmg the peogrem of this work, sad to the
membery of the Inatitose of Blologica! Chemisery for the bospitalaty thown during the year fn
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law of diminnhing returm” wiuch in this case may be undenstood and
interpreted m terms of the laws of enxryme kinctie, It 13 uncconomical from a
practical paint of view to add exactly this amount a slightly mnaller quandty
will give an optiunim result. No benefical effect should 1 such a sitmtion
result from the addition of the second most linuting ammo aad or from other
added amino scids. One would therefore, at least a3 a firet approximaton,
asume t to be unimpaortant whether or not the most Loutng amino aad
wit supplied free or protein-bound.

In conpecton with expermments on the gmuno sad supplementation of
‘wheat bread, we have alo studied the supplanentary value of a few protelns,
f1z. milk, fsh and soya bean protant. The roults of compamom of amino
acid and protein supplancentations will be presented in this paper and dicossed
1n the light of the princaples mentioned sbove. Other factors that might 1n
fluence the ontcame and interpretation of such comparsom will also be ds-
cunmed.

The growth rates and nitrogen efficiency ratio* of young albino rats which
wer given the vanous wheat bread diets were wed 2 indices of the effects
due to the supplements. Both the amino acids, priodpally lyxine, and the
proteins were incorporated mto the dough of the bread. This was coondered
to be & mote realstc approach than emply to add the supplementy to the
diets since in practice, most products to be supplemented would be heat
treated m some way ¢ g cooked, baked, fried toasted etc., before bang
consumed.

Experimental
4nafytical metimds. The hyxinc contents of the varous dictary ingredients and the
etermined

37* C o5 suggested by Starist o & (1949 The content of threonine was aho deter
mined in some cases naing Steptacsrs faccehs (ATCC 8H3) and the Bacto Thrronlne
Amay Medrum (Stovir of of. 1949) The detub of the procedores med, inchoding the
coodibons for the extraction and brdrolyms of the ramples, are demmbed in a previow
paper (Exrcao, Laxmov and Lo 1961
Niogen was determuned by the hyeldahl method s modified by Pranre (1953)
The ammonm was collected m bonc acd and tirrated with 001 \ HCL

weght determmanons were auned out by beadag de ampia t 164—103
C for 2+ b wnd coollng tham m dewceator over sihes gel
Broad forwmiar mnd bobirg comdivens. Two difficrent senes of it experiments will be
described 1n the Fallowing The bazml formuta of the bread for the fiest s was
A wrogen effzency Tabos | gamn of oyl per g of oltrog™ comsumed) w ere proforred fo-
mcad of procrm efScrency rabas partly becnme tbe cract correlanon bereeen nlogen aad
prosem for the different mgredaents of the dacts, poch e beat flour mulk, fih and sy proseln,
s 1ot Lnown and partly bresime the added free amine ackde incrosecd the mtrogen b
not the proton coaten of the dweta
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water 1,000 g

wheat flour! (70 %, extraction) 1,900 g

lard g

roller-dried skim milk (< 1 % fat) 505

nugar 10g

walt 0y

malt extract 10g

yeat 200 g
For the second senes, which was performed more than a year Iater the foromla
was slightly mocified partly to st the quahty of the Bour then availabde

water 1,000 g

wheat flour! (70 %, extractlon) 1,850 g

Lard g

roller-dried akdm milk (< 1 & fat) 5z

sugar 20

walt 20g

yesst 100 g

formutac were modified by the addition of amino aods or protam as wil
bo donibed later The amuno ackds — L-tyane HQ (Paxr & Co. Inc.) and DI~
threonine (Fluks, A, G.) — were dmmived n part of the water for the dough. The
— roller-dned sk milk (from the Swedsh Milk Products, Stockhels,

Swreden) fih protedn ( an®” from AB Sunco, Mindal, Sweden) and sore.
bean { Promme D™ from Central Soya Co., Inc., Chicago, USA} — were
added 10 part of the four before beng mixed into the dough. The dry weghts, altrogen
and lynne contents for the three temed were determmed and found to be
%6BY, 950% end G239, 5.60% 188% and 138 % and 286 % 748 ¢ and
592 %.

Al bread was pan baked. rounding and were danc by band
“ng ok place 145 G for about 30--50 m and st a relative humudsty of sp-
mately 85 % The haking temperatare was | C and the baking tme

’—30 min. Each loaf of broad weighed about 00 g

appeoximately 375 LU vitamus A and 375 1 U yamm
Comditins of the ret  sheroment Xnnbcﬁrumiadapamcml.lbelﬂjm::d::;
howsed mdividually m cylmdrical venels ha ing dhm:rd'zi;o'ﬂ;m”
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Tabls I Companivn of distr amal gk retes for the qrouchs of reis ox Sernc I Toclse a5 pm
prop oy womd ortaally The additions | rellerdried cim suik, L-lysime HCT ond D L-tiovenea
ey made bifors bakiag

Groap) Diet Determmed content of Grom
Addrtons oxpromed In per e am
of the frosh weight of the th Nuro  Lolywne| Lothre | )
- = HQ | ooime | 59
% % %
A Baml (which contelm 263 lerdrmd
st k) 117 sl 0¥ 187 £ 008
B AsA butwith total of 105 oller
drbed sk mmllk 251 Q16 048 2701008
QA1 A butwhh  wal of 210 roller
dried shkim milk. 279 100 033 A4 4 0.04
D As A, but with  total of 263 % rober
dricd sim milk 287 1.0 057 193+ 004
E As A, but with 055 % L-yuoe BQ 117 0% 087 LRLEXT:.]

F At A, but with 0.35 % Limmoc HG1 od
022 % DL-threomme 231 098 04 Iesoms
La per comt of the dey weight of the dlct
Thin smenmt of rollerdnal fm milk cxrepmds % the 50 g 1 seeser m the doaugh which
waa aherys used For the groogs B, C and D the smount of dry mill corponds to
M0, 400 and 500 g/1

Standard error of the mom-

Tha ko of free L-throonme dany tha hydrobys the microbiolgical

Mo bocr o fo be of the arder of L3—30 % (Rasmox, Laxsos and Lo 1561).

oage,  tomperature of 25 Gand appromately
ﬁ"'-hhcqxrnnﬂn-cr\:Spngue-thk'ymluudb-d wesght of 60 gt the time
when they were given the expenmental dwetx

In both scoos the dich were fed ad ibion, The ran were given noo-supplemented
bread et for - fiow daya before recelving the expertmental dictr. Thu wa dooe manly
m order to scoustom the rans to bread dte

Results

fBcu in btamng Mt suitable for grow th rate experiment,
D pos here had to be performed with rats

e L of this serics are presented although a direct

free amino acids — the reuls
cmnp.nmwid:mbcdnuddnmodnu‘lao(crpcrhnmuumxpom‘blc.
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Td#ﬂm(immurﬁldlﬁnpmrﬂ: the [
:{:H Tnmpamavﬁdlb%wdmﬁlllogﬂf:&um’m

Bam| (-ﬂchammmdzmxmnﬂ.dﬂd
i mirk)

840l
i2a:ay

B | Besal 4022 % Liyime 13
o M%&qumm 18349
b B-memuﬂwﬂmm ayiat
E | Bemi+ 115 olter-deied skdm milk, 108401
¥ Bunl + 195 % fieh proredn [EEY}
O | Basml 4390 % 6y progey nria
H | Beml 4+ 600 % soye boaa peose 128402

tn Per cent of the dry weight of the diet,
Standard error of the mens

s“demanmuymmuglzmmmmmiu
Mﬁmmdmmu.m:ﬂntgrwpmgwmmehalhnddm
’"*‘mhmnmmwgmUudnui.hEmmpaxorwummem)
the second turd and fourth groups diets with bread contaming & toml of
v‘m-*mmdbmsmpccuvﬂynrmua-dﬂcd-hmmmmloIWamme
W’%Wﬁﬂhmpadmzw{m.bmdmnmmgu:\s%umﬂm
‘“"h*ﬂmwt-sbt,mdammmup.dxqw{m.bmdmnwmgw
/o Lelymnne HCl and 022 / DL-threomne, The smounts of roller-dned
'hmwﬂkmcdmtbcnu:ond,thudmdfmmhgmrpncoﬁmpondmlw
of 103 210 and 253 % of the fresh welght of the flour The contents {n the
diets of mirogen, Ltyane HCl and L-threoame were determined and are
thown in Table T
Sl‘“f’Pﬂ'BmPWmhﬂcddtaﬂdnyimdLhcrm:Lndcrl.&:H
days. Detrrminations of lver fat and histological examinations of the VC:J:
Wm‘:‘rﬂdmtmlﬂmnemluafducmdmwgaham
thmcfmnmhumnpmmmuvdﬂbcprummdin-fmhwmlugpnpa‘
(LArmon, RURAXTH and Fsicson 1962) o Tabie I It

mlm!‘mwﬂxr-tuofdmv:ncmgmupsmmﬂ o e
nubcmdnt.pmgradvdymmnmotmmmlmd

milk o the dough. The

addsbon of increanng amounts of roller-dried skim
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"

o o 4 &

]
Percwat Liysive HCI

of the addition of Ldynne HC alone (group E) was slightly Larger
the effect of the addition of 400 g rollerdned stkom milk (group C)
although the latter group supplied » greater amount of Iysine (expremed as
Lysne HCI) The roller-dried skim milk provided in addition & sgnificant
quantity of threonine — the second mat luniting armuno acld 10 whent bread
{Emscaox 1960) — but it » obvious that this was wathout effect. Thu obecr
vation mdicated that there was a conuderable low of the lyxine in the roller
dned akomn milk during the bakung an inference that u supported by a com-
parison of the groups D and F Group D in which the added lyzme and threo-
fine came from roller-drred skrm mulk, rupplicd more of both these two amuro
acids than group F Despite thi, group F was clearly superior to groap D
In the second serres of rat expeniments, B groups of rats cach comprung
10 animals were used. The fine group reverred a basal bread dret and the
subsequent seven groups were provided w th diety mad  from breads spple
rmented with oo levels of free Lynne HC, owo kevels of roller-dned shim
rmilk, two levehs of fish proteln  nd onc kel of sva bean protein as bown in
T bl IT This table also gives the nurogen  nd fyune (expremed as Lolyune
HCI) contents of the ducts, the average gain of werght and mitrogen effiaency
ratios of the rats m the difficrent groups The rat were grven the warious
expenmental dics for 71 days.

What stands out prmanly from examunatron of the dara in T ble IT
iy that, m comparson w th the other supplement, th - ddition of roller-dried

Eg
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thmmﬂkﬁﬂcdtopmmotcgmmbmdniu'ngcnciﬁdcncymuminpmpor
tmn!ulhclynncum!mloflhcurrdpcudmgdku,Fwﬂnmhﬂmppl&
micnty, & good correlanon between the lyrine content of the dret, as deter
mned microtealogseally snd the nitrogen efficiency muo 1 indiated. This
bcwmammobvwwwbcntbcnltmgmdﬁocncynwd!hzdiﬁam!
groups are plotted m a function of the lysine content of the corrmpondmg
diets (Fig 1) For ail groups, with the exception of the two groups of rats
that recerved dretr containing addivanal rolker-dried shun milk, the nitrogen
efficiency ratios were directly propartional o the wtal lynoe content of the
dicts regardlens of whether the lytine had been supplied free or protein-bound.
The groups pven the dicts fortified wath dry milk had nitrogen efboency
ratsos that were lew than expected from the lymaoce content of the diets.

Discussion

The data obtamed in the prosent mmesugation demoostrate that the um-
provement of the protesn value of wheat bread resulting from the addition of
varus supplements In deternuned by the content of avaiable fysine in the
final product, as long as lyune remmns the most Lmiting amino aexd. The
relatiomiup eppears to hold independently of whether the supplementary
Iyane 18 provided by Ipsine-nch protmns or m the form of Luysne HGE
The xame conclution has been reached and explieatly stated by Howaxo & &
(1938) Bagws df ol (1959) and Guocoam asd Prapua (1960) asd b
apparent alio from the work of Liatre and Frey (1943) Huowiey Jso and
Raavas (1950) Samsron and Kevwor (1957) Hurcimeox Moxax and
" Pacx (1939} and Sciwarrz, Taveox and Forox (1959) Domranne, Haxrer
and Ecvamgew (1957) on the other hand, state that the finding that &
/mixture of cmential ammo acids sunulung fbmn was nor able to sipport
21 good & growth a1 the miact protan wndraanss some supenaaty of mct
peoten over amino acids as a dietary supplement (10 whreat flow ) under the
condiuons of the prosent expenments”™

The ssumpuon that free lysise and protan bound lysne are autntionally
cqu:v:lmxnndl)nznoaﬂcctrmda&mnmmnodsmhcrthﬂd’cm
Lty supplied by the protem n impliat in the ouncrous atlemps e
have been made to detomupe the lyunc avaiabiity n vaceus food o
Satweoret and Lorrveax 1953 Canrrxx of of 1957 kuruxlgls&
Greew 1957 Tuaw Jorwssow and Lepres 1957 Savwox aad AlorTy *
Gurra d ol 1958, Ousrzesavr Grav and Lot 1959 c‘;::n
Hrrstry and Brabizy 1960, Moxtewazaz and Frioday 1560 and o
o . 1961) One factor that could nake yuch dcm-mlmuom”d e proteis-
be & sulntanually different rate of absorption of the Iree o Loz
baund}pm;Onlyhmncddltxmnmbclthanduﬂthupuﬂ! e

and Fosex (1939) W
weckex god Hatse (195 and Scrowanrz, Tavior



FUPFLIMINTATION OF WHEAT PREAD 373

studed the problem i dogs nd chels and report that free and bou d yane
arc absorbed at & nmular ratc Another factor mA €nang compan it af the
*pparent nutritive values of | ~c and protan-bound amine  crds ear
comstance that the requiremer  of an amino acd becomes greater w be
Protan (o amuino acdd) conte t of the diet is wncreased (o Ger 1% A x
BT [M9 Reatzom, Wittia 5 and \ansuacs 1930, Bmo T Sa
1954, Barsaa and Mezrz |33\ <aver and Huxer 1950 A 4
el 1959 Swomem Haxerr o d TUTTLE 1960, In the cxpenment, report d
bere the phenomenon has apj arer Iy ot gread affecred he results, p o ¢
duetov.hcnzh:rnmllmcruxmlhcpxmuncom_u he diets el
from the protein supplements.

The correlation between protan value and Iymne content d <russed b
l&‘llbownmrrg]“uuldofml’-cﬁhdml) ptoth ] of lyune
which satnfies the requirement of the 1mmal urde  tihy Aboy  ths len |
%o would expect to obtun a beneficml efect &« & 1t e dwa
Eﬂlld-ﬂglmhnlud('mtﬁcm:nfwhn&,thrmm furnuhed upple
mentary protein. A comprehensive study of the sapplementaton w th
B two most limitng ammno acds, r. ¢ hmne and threonwne Ras veer per
formed by Rosrzaaro Cinx and Ecxaar (1939) who presented interesting
observatiom pertinent to thu problem.

1t should alo be pounted oat that a relatonthip [ike the one presented
n Fig 1 would bold only If the coatent of lymne found ~pan microbrologrcal
determination or & comstant fraction thereof were available to the rat. This
3cems 1o be truc In the cases where L-dyune H(, fish protan or soyn protein
were wed as supplements but not when the bread was fortified with roller
dned akim milk. Most probably the greater low of lysme from roller-dried
lhmmﬂlnmdiatcdbydtrcmluo(hﬁhi:b:}iiﬂupudyd:e:
the amount of manty lactose, 1n Hovmcsow
(lmﬁﬁnﬁomd;:‘;.nmmummwdnmdmw
and roller-dmed skim milk from the Sweduh ik Products, Stockbalm, it
tﬂmlﬁdyth;:th:hmu{lyﬂ.mommtdduﬂnxh‘kmg.ndnmdm{ngtbr
manufactare of the roller-dried deon milk

nrpplmumndepmdam-nmbanfﬁcmmmummfumm
&mino sad ancmwlmmryptnh:mlnddmdtgftvd'mrmmd'dn
Protein-bound amino aod compared with the free amino acd during the

Prepara cooking ete.) of th supplemented prodoct as do-
ton (& AL paper (Exrcsox ot al. 1961) are of obvious 1~

a oy
mncehﬂf;mddcddimnsw‘;wﬂﬂf!ht improvement. However other aspects
ruch a3 the stabllity of the supplement during torage and the possibility of
making the addinons and cheaply on a large scale and w thout
Impairing the taste odour m‘mwdm"fd"-btﬁnﬂ“pmdun;hwldlx
mentioned. The posdbl risk of mtroducing “Imbalamces™ by the ddidons
24613015 Acte phymel. wand 1ol 53
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should abo be conadered lthuughthn\»{]]mnnLEkdygndml}ybwomlh
senous problem oy more knowledge accunmulates,

In earhier work (Emicsax 1960) we found that the addition of 0.4 % of
L-lymne Hmmabruddinlﬂuhhngmprm-uithcnluogmdﬂqu
ratio by 85 ® 1In the present study 1t was found that the same amownt of
L-lysine HCI added before baking rewulted in an improvement of 82 %,

The authas are indebeed to Prof. Y Zotreasar Department of Physiokgy Reval S et-
erinary Bchoal, Stockbolm, and Mr O Facrauoit and M. L Troxéx Kungeornea AB,
Btockholm for their interest and suppart in this work, Qur thanks ar abo doe to M L. Jarv,
AB Werterdahl and harstens Bakery Stockholm, for making the faciTities of the bakery svailable
t0 w. The baking operations were carred out under the spervisan of Mr P Dawoasx,

Knut and Alier Wallenbery Foundation.
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Studies of the Effect of X Rays
on the Glucuronide Synthesis and f-Glucuronidase Activity
in the Duodenal Mucons Membrane of the Rat
By

K. Harmiata, V NAxt0 and U K. Reor
Rectived 29 June 1961

Abstract
Harmiaza, K, V Nistt and U K. Roca. Ssde of tw et
of X-ruysom the Dathesis and dovw actuily tx tht -

3
domal smacoucs wirbr Lbnc.Amphydd—mnd.l%lJ!!TG—
prid the effect

of local X-ray frradiation oo the gh id o lan cupecity
and oo the fglucmandese activity of th Bver and gestric mococ.
Accurdmgwthacm;d,amemﬁrhyuhbmlbnmrdﬂr
nd.nnun-d:ﬂ'crmLThmsmdkl-lnlhothnhadmn(uhLb:
glocuronid formation capacrty and the fglucuronidme activity
mM;‘nﬂdwhkhhulcnu.fmhﬂ‘hdJﬂ&meﬂdtHu-
curoaidase enzyme & not involved In the synthods of glucuronide-
mn}ugllu.lnlheprucmwm—kmhmm:dkdthedmnmﬁeun—
Jmﬂmmdﬂ-(lmamdaxauhhya[rnduodenﬂm-ﬂa
locat X-ray frradmtion.

Materlals and Methods

One hundred thirty-two male ruty (W nitar wd‘hlnngelBO—ZZO()vﬂcl-d:ﬂ:;
permments with 77 control animals mwxﬂymmmpﬂh’ﬂ"&e
Ptal ancathesis, the ducdenuzm was cxposed through & mid-ine cocheon, a2 P

dﬁm-smmmmwxnymumwupdﬁ“gﬂ:;;

500t (group A) and 1,200 (group B) doses (183 k\ Xray machioe, 105A, "
a3 deseribed previowly (Hasriais, NAwto and Roos 1938, 1959 and HaxTALA
o 1960).

Prior toand after th op?rluonnndmdublbe.n]m-hmfcdmmnnﬂ]hh"
nLn’dell.ndwu:rldhhmn_Aﬂnlthe;nhn.hnm*wd‘Wlbfh‘"W

376
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X RAYE O GLUCURONIDE SYNTILEXS

400r

o— glucaromde conf capacily
.-—-_fi glucnronidase actiity

y s 20 30 days
A1 3 5 8 12 ”
Coanges m:-drvmd < s gt
%-m;nw&rw Xeray bnadiation

12, 20 and 30 days after
Thye writmals were killed i 8 groaps, 12 bours, and 1 3, 5, 8,

Bom the mucoos merm! of the duodenum
:h::nﬂm.n?fnmmh}m e ol s lg:'?d

mmlaﬁs)nﬂﬂ-ﬁmmﬂ-am(’fwv Foax

‘Huoaoe 1946, modibed by Freno, SFapam and Beanarr L weere perfosmed
from cach snmml. Duplicate determination were made from each aample. In the
wxtstcal treatment of the results “Srodent’s™ tost was osed.

Table L local X-ngy irrmidration wn the plocxroctde pthons. The romlis o ©xg
(-ﬂnﬂ%h;hu“_&_,mubmm

Thme afwr Crowp A (400 ) Groep B (120 )
orwtmtion ! ~

Howher  fg/100 s Nursber  py/100mg

of of

PLE aabuuts
12 bown 1 nex iy >008 [ L4z oo
1 day 12 189 . 180 <ol L1 M2 o
3 dap [ Mo oss < 4t + 3£ 18 < 000!
3 dapm 11 7+ 36 <00l ] BLlIE Faos
3 dan L] Hex 18 >0 2 20 +£211  >aps
12 dage 12 MW~ 4A >a) 17 19 £ 110 >o005
0 dn 6 - 156 > 005 s 150 2180 ~a0y
0 dayr ¢ 163 - 128 > a0y L] IRy >a05
Control acirma’s k1l U0 - 6¢

P sues reber © comrnwn wifs the contral eamris
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chan
In%gg“
60
+40
//\\ *
20 / L /
e PN x S |
N - -
2 1200
—40 +—e glucuronide canj capacfly
o »~x fg-glucaronidase actvRy
1
% 35 8 £ 0 o

2 Changa in duodeml d capacity sod iy oen wetiriey
?Mn:amnvn;:uﬁmnnﬂubalXﬂy&rﬁh
Results
Gincaremids formation (Table I Fig 1 and 2) Bath after the 400 r and 1,200 1
uradution & shight decrease 1n the conjugation capacity was peesent 12 hous
after the treatment. This was follawed by an inerease within the next 12 boars,
(400t P <00}) After this the conjuganon capaaty dimimhes greatly

ﬂh”ﬂﬂdﬁa!l4qm~mﬁ-¢mdbvk&wﬂ
o e The readts xproowd as fi-glacxrenudan wnds per g wwt cogil fom
»,
7 Tume ater Group A (400 ) Group B (1,200 1}
uradunen Nuasber  f- I3 Number £ »
of glucoromdime of pocuronider
wnfmb s g animuals  ooltr g

1404008 005

12 houn i 1M 92 >00 6 o
1 dxy 12 1%4: %6 >005 6 1,589 + 166 >”1
3 dop 6 10934235 < 0000 6 1901 £ <ms
5 dan 12 133+ 47 >00% 5 1,680 + 187 >w
8 dam & 1381 x 115 >00 n 4% = 59 2o
12 dap 11 144 66 >003 12 1are 18 ‘;‘"5
20 days [ 1508 £ 195 > 008 6 lﬂ?tl:‘ 2o
0 days 6 152¢ €3 >005 6 s 4

Control actmak 77 139 = 43

Standard crroc
2 valuo rrer o comparwos woh the contrel anfmh



b
MAYY OF GLOTTRLINITE Trxmenes

ar e decrmae 1 U3 pe= ot with the 400 ¥ dose P <00t :.nd'lpcrc:;
wrh tte 10 1 dowe (P < 0001 The eocrosama apaty agprmcdta
ﬂmhﬂrﬁmﬁbﬂdﬂ:ﬁﬁbﬂ;‘néﬂm&xmr-mm

syt t

oerratos (Table T0, Fiz 1 and 2)  Afier 2 afight mseal deerene 12
m&&mhmtmmh:gumm}
bﬂﬁa&:m&mmwumw@t‘ﬂh&mrmﬁ<
<0m1}LArpu(mmthLbclm3rdm(P<&Ol) After th the ac
mtdudmmlh:mudkrd&nbm:gmnpd:fmt&nrg!uz
Wnﬁ.mdm%ﬁ:hmwn&m&fmmdnd:mu—ddw
wrTe poted.

DHscazsion
The duodemm B the most rads part of the 1 tract {Drs-
axoca 1932, Powcy 1948, Leemre 1957) In ran exposed to 60 of )
h&y\-uudbun,dcgmdnngamﬂm“é:uhmﬂ:dmdml
cwh&mmmamﬂbms-ﬁnlhmm.udm@&nml
o 3 dayy. Recovery o vay aped st 5 daws very lutle rendml effrer # seen.
The greatest damaye 1 Jocated to the basal cells of the erypn of Licberktihn
The cpsthefimm of the Brunner  ghinds © more remstant than the villoos or

ot mroch nfe 1 wrailable of the rad cflects on the enryme
systems of the mtextinal mncows menboase. Farson and WAty (1957) showed
that rat mtestimal chofinesterase sctrvity was redreed 48 hours afier mradianon,
Alsarption by the mrall inteune after rradiation o reported 1o be decresed
(Mzap, Droxe snd Booxey 1951 Boomwarn 1931 Droesax (1233) observerd
pa muparment of heyokmse actrenty afeer rradianon. Mon (1957) esrmnated
the total phosphorylanon actvity of the oxtenozed S-mradiated small miestne,
and found a decresse m phosphany lation. KAY and Exmracay (1959) measured
the ghucose oxikdation rete of rag small intestine mucom membrane, and fomd
an mcrease oz the 3rd and 4th post-cradiatum days. They concloded that this

gl the followmg depresuon reaches
hmmmmonlh:nbmidxy;udunbmidznm:mngmmdr\sob«xndm
umilar stucies with the Iner The recovery takes about one weck and n actually
ener-compepsated s o the Iver The doodena! pmeoma appeans © be some-
uhxmmm&&mﬂhn&mdmmumﬁw

As compared to the gastne mucos the ropanse to radiation Appears 1o fol-
hwndaﬂmtpum:m.ﬁcmoﬂab\mdiﬂumhthcdwumuym
the gustric mmcnsa.

Mmm}ymdmmwmdatkmmdmm&chm
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do not coinade with the changes in the glecuronide conjugation capactty In
this respect the results agree with our previows observatians. On the other hand
such great increase 1n the actvity as was seem in the liver ma a late effert was
not present.

It would thus appear that the sensitivity of the stdied tssoey towards
radunon i somewhat different. The different life span of the cellnlar elements
in the vanows organs might explan these changes. On the other hand these
stadies do not reveal wiuch part of the complex enzyme machmery i the gl
curonsde synthens 1 involved 1o the observed changet. Thee studies are now
under progress in this laboratory

This stody hus been mipparted by grant from the Sigrid Jusos Stfficee,

References
Boctwain, K. W, The infloence of nylduudlhehﬂdndmmnhﬂ'ﬁ-‘
glcose and otber mans 7 exp \ld. 1831 53 827833
ot experiecatal

Dasjaznon, A, U Actin of roentgen gy and radium an

data and clinical radiotbtrapy s J Rewipesl. 1931 26, 145150,
Dwascas, H. M., Effect of Yobrradintion oo ghucnee  beorption. dmer J Phsviel. 1935, 182477
478,
Frmiax, W H., B, Srwtwcrx and R. Baowerms, Appication of an sopeoved

smmy metbod 0 the stdy of bumen blood f-ghasrouidec. ] Hel G, 198 173 48—
46
Faowm, A B and P E.WAu,l&cldvhdzhdv‘(-ln-.dhmmphﬂlﬂdh-“m
chobneterane and an drug, reponwe of holated tatestinal Joops m the Rbems-cronisy
and qines phg. Smer T Piprel. 1957 182, 7683

HaxTiata, K., V NATO and U medm:&ﬂdxmuhw
rynthoals by the grstric mucous membrane, A piyvil. somd. 1938, 43 7781
Haxriach, Ko\ Nawrd and U K. Reoews, Stuadies of (he effcct of Xorars o the gloneoms®
sywihoss by the liver Arta plyswl. auad, 1959. 5. 231 ~237 -
Faxmiacs, b v N0, U K. Room and P Savais, Staier of the effect of Xormm
#tluciwvartase actfviy fn the gessle e mepleenc and ko the Hier and of 3 5%
1o he ghaarronide confugation. Ack sy wamd. 1960 #% £5—T1. Ty
Haxtiacs, K.J W and § Reorrtl, Stordues on detasioxtion mechastre | Mabod. 4o
. Bl Fona 1955 33, 2131716 .
Rar R. E wad € Evrro, Effect of bole-body A-drradution o ghuoee arideton 17
ol intestine nnacose o vitro, 7 kel Chow. 1959, 23 16341640 -
Lrmaxx, S, Crishogic changes b e mouse fnsestme under dally espaire 2 gt

T st Comcer fa. 1957 19 419—448.

Livey G A and D E Srompe The mesnmsent of glocuronide symthoss by tens P
tiom. Puackem. J 1949, + 195299 o n
M, ] F A B Drcos and I O Bowar Effect of X-hrradiation upon abmorption
mome J Ve 1951 43 433499 o]
Most, ¥ T The effect of mradiating the ceserionteed small bowed on rgas sheorptos:
Foextprnal, 1957 78. 850—834 o
mxgmmmmmammﬁmwﬁm
fmermal soaress (Bloom W ed ) N\ew York, McGraw-Fill Book Co- Chagte
520540

Tarazar P v H rmmaHmwnw‘L.melﬂ:‘“
caronke nod 81 subxtrate for the asaay of glucaromdasc actnky J

731772



Acta physfol sexnd. 1961, 53. 381386
From the Institut of O Health, Tydter Helunkd, Finland

Stimulation of Swenting by Exerclse after Heat Indnced
“Fatigue” of the Sweatiug Mechanism

.
K. Amruax and AL J Kaxvores
Rexebved 3 Jaly 1961

Abstract
Awiiiag, K. and M. J Kanvovan. Strmmlaties of sz sstmg by serise
Afixr heat iniwod  fuiipw  of th cwmtzg mekeus Acta phynol
ecand. 1961 53 391—386. — When wrestiens Jose welght before

menty oo five youny roaks. After three ar four expasures of 12 min
cach to ambecnt beat 10 “auna bath which caused the rectal tem-
perature to rise 1o valua in  range from 33 4 to 39 4 C, substantis!
sweating could po more be eliated by repesting the thermal stfmofos.
However tremdmlll ranning foc 20 min cavsed  flarther weight foss

precoding exponre
The mean toia! low of weight during the whole procadure wa 3.6
per cont of the mitw] body weght
The

wat lowcr than in ewent collected durmyg the st exposre (o amblent
beat
The resalts are decused.

When wresths hay (o Jose wesght before a competinon, they induce s cating

among
wresthers that at tho stage, farther swtan g may sull be wduced by exerase,
eg byummuymnnlm(AHMlndM'omlBﬁl) Thns pheno-
frenon docx Dot appear to be previously mentioned in the Lterature on sweanng.
An experimental study was made, initating the method of losing weight aa
used Iy wrotkas. Attention was pasd o wright lon, rectal temperature and
the miners! compoation { nreat.
-



3 RAREE
O =~ -

o

Hout  apomars
Fig 1l Fig. 2

1 The o of body weight a1 repeated expoms 1o smblent hent n the cuna. Afier best
mlmdmunlhtdnopp:d the sbpects ran for 20 tun on.  troadmilL

Fig. 2. The duratian of visible swoaning after repeated exposarts 10 beat.

Method

Five male sudeots of physical educados served s subjecte The experimens wi)
started by wesghing the mibject, after be had emptied the badder sd defecated. The
enure sin was thorougbly waibed and dried. The rght arm was enciowed b a phsic
dccvc,mdtbermlwmpa—-mmrmrdaimnb}mmnbcuapwdw
urteme heat v Finoish “rauna™ bath for 12 min, The rectal temperature was recorded
after 9 min m the sauna.

o retard the fall of body temperanure. He remuained t
/"hﬂ!.;hdblemup;mmnmd. Wb:nxtbadmdai.th:nkmwllﬂﬂ"""d'
dsied, the wrilpeet was worghed.
The bove procedure was repested three or four e, o a2 long s sgnlficeat
eweating could be dicted. e 20 min,

After the Laxt exposure o ambient heat, dhe qubgect ran oo
dmwbxd:nmmmcdkncd_mmezmmdmdnmﬂmﬂ”"‘mn
peranr and body werght were again recordrd.

The chlaride co I rwent wes Jmm.mwdwwﬁ
and Bertaits (1941) a5 modified by Baux (1949) and the sodium xod potsshez
flame photometer unng bithuum as an mtemal standard.

Results et
The totl loss of ed 1.3 to 30 kg, The amount of weght
weight varied from 1.5 to 30 ke pro "

at ench stage B shown n Fig | Most weight was lost during
tohaL’Ihcmcunlunanc-chupunn'eumlﬁ.07wo"“ﬂg;’:
cent of the Initlal body weight The “fangue dmmmmﬂ;

seen abo in a shortening of th duranion of visible sweatng after each &P

(Fig 3



:

The rectal offered no exp ton to the dl hmg returns

of rweat tmbcd:-cnmﬂycwmmuachmwdwrd-m

CI\cyl.D.rue(F:g 3) Ths ppled both t temperature m sauna and during
ing at room

Inlﬂmhjccu,nmmngagﬂ indun-dtmnm The lom of weight aned

from 01 t0 0.9 kg Themc-nlollwuoﬁpcrcﬂ:tofthtlm:hlbody“dghL

This occurred while the rectal remained Ity lower than

d—ﬂﬂnalbcmmlmh@lhcll.
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Tabls I Susat samcm, potaisum ond chlonds dxring fornl cxpurery bo heat and dxrmg cowow

Electrolyt Millequivalents per lire | t P
Heat | Exercise

Sodhm %60 548 308 085

Poasium 62 553 191

Chiaride 670 578 108

The vanations of the electrolyte content of sweat are shown m Fig 4 Coo-
nderable mdrvdual vanations are seen. They are, however low marked for
chlonde than for sodium and potassium. In onc subject, H L. the sodinm and
ponnhxmxhcwanccpﬂsc.lnmnmbjed,mﬁngmppcduﬁyudﬂr
total weght los was smallest, 1.5 kg only

Inmtmﬂm@&mﬂgmt&mﬂmtmtdmwm
lowez than in that secreted duning the finst stay m the sauna. Howerer the dd’
ference was aignificant only for sodum (P < 0.05 Table 1) VWhen the eec
trolyte content of the work sweat 1 comparcd with that m the immediatrly
prewdmgmllccﬂonmnum,wdlm:gxmnhm-cmmqum!fﬂhm
potaruum and chloride show no regular tendency

Discussion
A fatigue of the sweating mechanizm may be produced either by pro-
\ longed and copious thermal sweating (Hawooox #f al. 1929 Lapzrs 1945,
Genxoeo and Romrox lNG)arbyrq)ﬂ!cdndmhuntrlnonddmg!me
netacholine (TEAvEEX and Scinvaxtz 1955) In the pront experiments,
‘/nﬁuswmnnguxﬂdmmmbcmduwdmmoghrrpcncdcqmnﬂmlnm
hmmcbcmﬂm-bl:wnhmﬂnmmpmmdngmnﬂmbjﬂm
m“i-"hﬂﬂtbcwmmpcnm\mcnm-mgcﬂ.rcmm
d‘mn!ﬂlpftwdm\zuptmzcmhnnbuhudrcmtghnd:npwyfﬁ
covered from the exhaustion, ar the [atigue” of the sweating was
pot at all due to the exhaustion of the glavds
ntlhnlﬂﬂpﬂ'ltm'tumrkcdlydjﬂ'mtund:rdrcmmrdxm l;:;
saum Ltnmankampa‘mmynxmﬂ‘c(hnnﬂulnd
1960) whﬂellcxcrmcuobvmuﬂydoanmwmtdbodympfﬂm
cording to Rosraon and Gerxve (1947) the sweating mechansm & Gug
the sooncr the higher the skin temperature. With this ©
results are 1n an agreement.
mwdhnnlndch}midcmmmuondlbamdmwhhmmﬂl:
ausc.unvumgbctomumm,;—o(m(krrmmnml 1913 Dm-nd.
1938, BoTrx and Sciizor 1940 Kyuvroxu 1940, 942, Locxt
1951) On the other hand the sodium and chloride content of
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w0 rixe progressively ay fatigne  develops durin.. prolonged thermal sweating
(Rowpooy and Romoaox 1954 In the present seney, howaer the sodium
ad chlorde conce rema ned 1t hanged or alghtly de-
ereased with repeated exposurss In succewne samples of t taken dunng
o axposure to heat 1n the sau th sodiem and chlonde ccncentration do
w0t change, whereas the pomw im conc ntravon decreases (ARLMAY o of
}933). In this respect the situat o resernl les that d e to repeated injectons
o metacholme a “fatgue of the weatir mechanmm ensues, w thout amy
change of the sodrum content Dovr raf 1931

The sweat sod’um and chionde concentranon 15 eported also to inerease
with the skin temperature (Rrrnrexae 1913 Lemuanx and Szakare 1939
Jomxsow ot of. 1944 Laprer 1945 Rosrvsox e «f 1950, Warem and vax
Herxoeoen 1952) The tendency to a ko er «odium concentration o the ex-
crene testy — with bower tkun temperat re — 10 rda cc with ths finding.
Howerer when sweating ha been induced tdx  ether by heat
o exerene, 0o regular differences ha e been observed i the electrolyte composd
oo (Hasaw # o, 1954)

The cporses of the work have been covered by grant from the Stave Athletic Board.
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Table I Sacat sedium, potaccium and chiords durmg frit espasiry bo hewt and daring crmcie

Electrolyte Mulliequbvalents per lhre | ¢ 3
Heat | Bxcretee

Bodim %0 %8 s o8

Pocasium 652 e} 191

Chloride 670 578 208

The varations of the electrolyte content of sweat are shown in Fig 4 Coz-
nderable mdinidual vanatioms are secn. They are, however ow marked for
chlorade than for sodim and potamum. In one subject, H L. the sodimm and
poumum:hownnnepnx.lndmwbg:ct,mtmguoppcdaﬂyndtht
total weight bors was smallest, 1.5 kg only

In nweat collected dunng exercise, the mean content of each dlectrolyte was
lower than 1n that secreted during the first stay in the muna. However the dif
ference wau ngnificant only foe sodumm (P < 005 Table I} When the elec
trnlyt:mntmtoftbewu—kmtbcumpucdmmtbatlnthcimmuﬂnﬁr
prwcdmgcullecﬂnnmnma,mdhnnagunnhm-mmequmtflﬂ,m
potanium and chloride show no regular tendency

Discassion

A “faugue of the sweating mcdnnmmlyb:pmducuintbu-hypm'
longed and copious thermal sweatmng (Harcocx o ol 1929 Lacmis 1945,
Graxmia and Rorovsovw ]W)mwmamndmnmnbnofmbb
Ynetacholine (THAvEEN and Scrowanrz 1955) In the present experments,
lﬁunmungmuldmmebcxudmimghrq)nlcdwmhm
hnt,mmcn.illwunbletommuluccqnommungmlﬂmbjmm
mwhhmcrmmmpmmmmmnmgcoervdm
durmg the preceding exposurt to heat. Elther the sweat glands rapidly re-
covered from the exhauston, or the fangue of the sweating mechamsm w23
not at all dure to the exhawstion of the glands. the

mlhnlmlpairmumlrk:dlydxﬁ'amlm)dﬂth:mm&dmliﬂ

sauna” drcmnnhnmnpa-nnnemnymcmﬂ'(l(‘?mmmmd o
1960) while at exerene 1t obviowmly docs not excoed body temperaiure
cording to Roepesox and Gerrawa (1947) xhemuungm.,.-_hmhmh-ndgmd“
the somer the higher the slan temperature. With this obscrvation,
results are 1n an agreement.

The sodium and chlonde conc:mnuonofdmm:lmmthknown mﬂ"‘:
crease, as sweating becomes more profise 191! IDI!.D"—‘-“
1938, Borrox and Scanraxrs 1940 Kyuroxu 1940 mmzlﬁm
1831) Ontbco!htrtnnd.th:wdrumlndchlmdccmmmaﬁml reported
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© rmc progrenively as “fatigue  develops duning prolonged thermal ng
(Roanaox and Rosreax 1954) In the present sene, however the sod um
and chlonde remained Ity 1 d or o ghtly de
creased with repeated exposures. In succemve samples of sweat taken during
an exposure: to heat in the wauna” the sodium and chlorlide concentration do
oot change, whereas the potassium concentration decreases (AHLMAN of
1953) In tho respect the ton r bles that due to repeated i {oms
of metacholine a “fatgue” of the sweanng mechansm enrues, w thout any
change of the sodim content (DoLe ¢ of 1951)

The rweat sodium and chlond concentration s reported also to Increase
with the skin temperature (hrrmsTepres 1913 Lemuawx and Szaxatr 1939
Jomaox et af. 1944 Lapzrr 1945 Romooox (ol 1950 Waovex and vax
Hrymorgaxn 1952) The tendency to a lower sodium concentration n the e
aone tests — with Jow er skin ternperature — 18 in accordance wath thi finding
However when sweating hay been induced on different days etther by heat
©of exercise, no regular differences have been observed 1n the electrolyte compon-
ton (Hasaw o of. 1954)

The expermes of the work have brea covered by graat from the Statr Athletic Board,
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