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Raped shtfts in the relathe frequencias of the white ccfls of anfmals may
ocear ¢ of toxing or cther agents, radmtion, but
mechenkal pulaboos (Jacomox 1934, Crapoocx 1960)

The present work the resctiont and the

Leucocytes in general are spt to be rdessed into the chrendation from
mydddmrkut:nmdccTh:cxpﬂlnfyhcd:dvIﬂmﬂnn
wcems to afford another rosrvolr (Haman 1959 Osooap 1934) The
wmwdmdmdmmm

the species
of mmple mechanten regulating the fow o o from the areolatmg

1513015 Acte phymel. scmd, Fol, ST. 1
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Tebls I Differrntiol commts of mice Lewcocpbes wnder arpng expervewnial condibmr emcruels scri-

Jerd dirmcily taken from thetr copes (1} uWhl.nﬂdhlhanﬂhtﬂlmﬂ“{})

gioen 2057 and $951 (1, 4) fuoem preberbime xjatoms and irredistion ix aneithesa 1
to derwctly sacrificed me (5) awomals castionaly rexiperied in Unir permect capet

()'l)-lgw-lu &1 compered 10 directly secrificnd weice (6)

= mnber of animak i esch mxles

!

Seria n o rods sgm. cox. mono.  bympho.
Teueo
1 direct » 1 [ 8 70 15 e
2 sam n 1 19 193 18 4 1997
3 73 7 e a %7 12 a 157
W 1 296 ® 1971 7 -] 145
5 dacct L) ] " 52 127 7,832
praob. 7 % n 1,92 ] 16 4
pemich. £ 185 8 4MIE 18 2445 n ) 2282
6 direct & 8516 - w6 o 134 5713
porm. 8 4 2 18 “ % 4293
perm. 185 T ums 1 0 T % s
Tabie I Diferestial comts of prime pig bemcooptss. Exporimencial condriuans fn ralscant repectt
rimiler to sable T
Bcrien n tot. rods agm e meoo.  tympho.
Jewco.
direct 10 449 1% 13 2 102 3,168
sham -] 2,400 3 243 13 118 2,404
5 10 334 13 1118 2 19 1082
2% 10 sam 11 2 4 23 2.5
%0 1 763 % 5034 » “ 2,247
m 15 5,087 9 335 “ m 1217
40 13 13,108 169 2214 n 1 43

Earber wock has d d that the pheral leucocyte !
increases dunng the first pant-irradation hours, Provided the doses are well
below pahlethal level, normal oc pearty normal, values appear agun after abaut
6 hours A secondary e u often scen at 2 later stage. Detalled analyses of the
very early steps of this reachon does not seem to have been undertaker.
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Tadle Il Siewifcencs of rouctins U kv and peiace Sowerds
&Wd{vﬂhﬁu&m>ﬂ.ﬂ!mu’fm
Mexsured Afice Guloea piga
wham effech, decraam ofs

< a.001 —-
mono. < 0.001 -
brmpho. < 000! -
incresan oft rods < 002 >000 -
X-uy effects, fncrease oft

< 0.00] <0001
gL o001 < 0001
cot. il < 0.001
decroase of eor < 0001 -

QOur preliminary triah indicated that the divergent renctions of the varfous
leucocytes and the species differences wero most pronounced 2—4 hours after
the X-ray dose and about equally well expresed, Thus, in the man expen-
mants uTachated and sham treated animaky were sacrificed 2 and 4 hours afier
the treatment and the results were pooled in the tables,

AMue The data are summanzed 1o Tahle I and II and the sgrificance of
some man results, pardcularly in regard to the species differences, in Table
I Data with P values > 005 have not been comidered in the documron xnd
1z Table 111
)}  Comparing the two groups direct and sham  (scries | and 2) 3t appean

that the manipulations concomitant to the preparaton for irmduton cause
a very propounced effect which & most impresuve n lymphocyter. The fall
of lymphocytes accounty maunly for the reaction of circulating total leucocytes.
It should be noted that the lymphocytes proved to be the only cell group whsch
by all treatments decreased n ninnber mice and guinea pigs alike, whereas
vuﬁngbduwaurchxnnaﬂednﬂmbcrmﬂmslnmmmtcfmk:
ncreased rods but d d if 1 of \-rays
ol'thcurd:rol‘?OOr(S)dxdnmcamedxmndcﬂ':cu,bmwhmlncruungdt
dost to about 600 r (4) a trend becomes obviows, namely that rods increase and

phily decrease ',b‘y,," n of jerndk on top of the
sham K The fi of both these trends was proved
bydmcmc:hodofcnnl:lauanofnnh(hwnnd?umnlg!ﬁ) It may be
noted that monoeytes do not reaet towards irradupon and that 8 abight -
crense of ented 13 barely percepuble after the h gher dose

A;nrtmlhmmt\mmmupmmmumpa‘fomcd in the firtt
of which we ventured an attempt to reduce the sham effects by pentobarlntone
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mjection pior to irradiation sencs (5) Thn failed, and bendes a ngmificant
inerease of rods, which alio oceurs m the sham group, a ngmficant cutflow of
qm:mcdcd]smnhofound.Thcrchngcn:nlucndd‘ndcan:a{nﬂ
) 4 under hesia although not
in thr soall serres. Fimally thcpum’bﬁtyuucmducdtbnnuudmnmm—
pcr!ohb:nmmhmyn:dnccth:mmeﬂ:ca(mu(i) The counts indicate
of the pul cffects, bat a trend wmilar to
Lh.uhmdmthelhamluw(z)utﬁllobm

The posibikity that younger muce, werght 9—10 g may react in  more pro-
pounced manmmer was tned in & angle axparmnent of ooc group of coatrols and
2 group grven 200 r and lyzed 2 hours post-orrad The reaction of
these young mice was, boweser entirely similar 10 that of full grown anfmaks,

Guxoaca pigs The maternal o rather [imited and does not allow for definite
conclunons in all instances. However it bs safe to state that the gmnea pigs differ
m scveral rapects, both qualinuvely and quantimpvely from mce. (Table
I and IIL)

In the first place the pulk m with the oradi &d
not canse such marked effects as by muce. The trend of a slight fall of all lenco-
cyte cells cxcrpt foc monocytes i not sgnificant m the proent maternal. Studies
of the X-ray effects were performed over 2 wider range of doses unnce guinen
Pegy are on the whale maore radiosenntive than mice and show definrte effects
at least down to doses of the order of 25 r The X-ray reactom of rods it 1n

with mice; the tend of a ymphocyte decrease, which i
suggated 1n the mice expenments, becomes higly ugnificant in guines pups
following doses af 200—400 r In other respects the reaction of gumen pigs differ
from msce. There occury a radation induced increase of connophils, the dose
dependence of wiach i not quite clear An merease af segmented eells and mono-
cytes m the wrradinted anfmals 1 abso hughly ngnificant. The data soggest bow
cver that the X-ray effect may reach a manmom at doses samew bere round
50  wheress higher doscy camse another d, effect of di 1,

Discussion

A diversay of reactiom of the winte blood cells In regard 1o the early release
to and dsapp from, the lation has been found 1n the two speaies.
Differential counts at such carly stages are rather scarce 1n the Tterature. Some
data are however provided by Hewse (1960) on rats grven 100 600 and 5 000
Ths  uthor wradated the anmals in their ardinary cages, this wath & mim-.
mom of detarbances, and ha controls nearly conform to oar group  direet™
As m our mice matena] radiabon caused a decrease 4 hoars after the dose of
commophils smilardy monocytes showed no carly mnence and rods and seg
mented cells increased, although only afier 600 and 5 000 r There occarred
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nu-ho-oonndmhlcdccmnco(}ympbocytu-]rmdylﬂ:rlmr Thus find-
ing sheds some fight on the reactions of lymphoeytes 1n our nuce materdal,
Ewda:dy$ ipulations per s¢ depleted the lymphocytes 3o that no further
T d uT d B Y h,

Tbcnprdincrmsecfarcuhanglcucocyﬂ:scem:pardymbcductonnpid
mobilization of mature, or nearly mature, cells from motber trssues, preferably
the marron  Hazry (1960) made studses of bone marrow and blood from Irra
disted guinea pigs It appeared that at least segmented celly are discharged
fram the marrow in amouats which roughly sccounts for the curly lnerease of
thy cell group 1n the blood. Detalled analyses in regard to other cells and the
dose dependence were however not performed.

The bope marrow an the other hand acts &3 a depot for lymphocytes which
leave the arculavon (Haxrs 1959 and Yorrey 1960) There scems to be a
reversed reaction in the sence that when granulocytes leave the marrow lympho-
cytes are taken up. The general fall of arculating lymphocytes by all sorts of
treatments 1n our casc is Ilkely explained in this way Other timues may also
serve as a depot for segregated celh. Following treatment with adrenaline and
hutamine thrs was the case for ungs, spleen and intestines (Axsrus and Axsrisy
1939)

Leucocytes are very motle cells which according to Osooop (1934) arc mo-
ving to the sitaa where they are bt needed, From quantitative eounts of the
distribution of total leucocytes in blood, bloodforming tissues and other tisua
this author arrved at a figure of about 70 per cent fn  other tisuas” agaimt
only about 0 3 per cent in the blood A vmat reservoir Iy thus present here for
rapid mobdizaton.

Angther poteworthy featare s the L lationship of sham
and irradistion, which may act synergistically or independantly of cach other
The fact that raduation senutrvity and manipulation senmtivity do not always
run parallel was clearly demonstrated in & work by Arnavu (1960) on the reac
tons of whole body \ rayed rabbats serum enxymes, Early concentranon changes
oceprred 10 the serum and from 14 enzymes asayed po less than 11 showed
sham effects. Some of thee showed additional X ray effects, whereas othen
were unchanged by the Irradiation. There were abo enzymes which neither
reacted towards radiaton nor towards sham manipulatrons. A wade reaction
rpccmmx.nmmrmdmo{cdb,kmmcqumdynbalobcfoundonxhcma‘b
cular Jevel. Since many of the enxymes which duplayed different reaction had
about the same molecular wiaght the particke nze as such s not & dechlve factor
in the mechanism of controlling flow to and from the circulaton.

Perhaps the most reasonable hypothess Is that the rapid and differentiated
shifts of the localimuon of the Trous leucocytes 15 mediated by hormonal ac
tlon, or by the releasc of substances like hutamine An early rbe of drculating
tota] Jeacocytes n ¢ g cawsed by adrenaline Injection in humans. (Lvar,
Lroxaxp and Farcoxex 1937) In dogs early counopenia occurred after the
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Injection of ACTH, adrenaline or b (Last o of. 1950) Numerow
other olscrvatiom demonstrate similar actiom on the white cell dutribution.
That hormonss may interfere with rraduton effects in a complex way en
the chermical level has been visualized in other connections. Adrenaline and
ACTH was, for example, found to change the rate of resorption and the ex-
balation of 'CO from injected NaH*CO in mice (Formmns and Hevesy
1955)

The suthon graschilly scknowhalge grocroa grns from the Swodnh Cancer Sockcty and
te Knut and Alice VW alenbory Fondnton ms woll s log B Jommos for smstance by the
brradiations.
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Histamioe Relesse Elicites by Extrarts
from Ascaris Suis — Influence of Oxygen Lack
and Gluocose
By
Bexrie Dravanr
Recrived 3 Jamary 1961

Abstract

Duasast B. Hidemens releaw riiciied by extracts from Ascerls mxis —
ughuence of ox7pen lack end ghecew Acta phypol. scand. 1961 52 822 —
In guinca pigs intrapentoneal injection of Axeris extract In doses
eflective in ran peather relemsed hatanune into the pentoneal fldd
por dirupted™ mast cclls in the mesentery [ rite studies on Ascaris-
indoced hustambne redease from rat lung tesse sthowed the refease (o be
dependant on pH, i jou ume and of extract. Under
axygen lack, the histarmne relesso by Aswoy extract drminished to

proceses yiclding high energy compounds.

Dunng the past decades vanous theones have been presented concerning
the mechansm of hntamine release and mast cell  duruption  Several of the
theonncs mamntain that enrymatk procesnes are invelved i these reactions.
Thus, Parzor (1942) Moxoas and Scmp (1957) Craxmavarty (1959}
and Dustaxt and Uvks (1o be published) have shown that ovygen lack
inhibits the hstamune releasc as well & the mast cell  dsruption” Further
evidence has been presented by Juxgrema and Brrouriuax (1955) \fovaar
and Scmn (1957, Hoonrxo and UvwAs (1958, 1960) \Moumwran and

8
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Provousr Dawox (1358) Crazmavaxty (1939) Uvxis and Trox (1959
1960) and others, who have shown that histamine relexse and mast cell - dis-
ruption  depend on pH and temperature and that varkous emyme inhibitors
act a1 blocking agents. These invertigations concemn the action of antigen on
senmtoed towues and synthetic hotamune liberators en pon-sensitized tmues
as well a1 on isolated mast cells wa rtre Compound 48/80 has been investigated
far more extensively than other syntbete histamine Lberator.

In addition to the synthetic hstamine Hberators there are scveral of bealogic
odgn. A very actrve liberator can be extracted from Awens s an eelworm
occutring In the hog Rocaa x Siva and Grafa (1946) showed that Ascens
extracts, when Injected into dogy, produced h shock indisti; habl
from anaphylacoc shock™ Asais extract has abo been found to releme
hstamine @ nte from perfised cat paws and to  dsrupt” mast celh of rat

w ntre (Hocsano, Trurvemox and UvxAs 1956 Hoomtno o o,

1957) It has been suggested that the mast cell  diwrupoon™ cagsed by Aweres
exiract involves entymanc procoses (Uviis o of. 1960) Our kmowledge of
thess eprymatc procewes bs still, however m!pcxfcct,thmxghlheblm:kingd‘
mast cell  drrupton”™ by such bal
qm}d:ctc.mdnzuthnv.h: doruption” umm‘gyrcqmﬂngp’vot-.

The present i ga mamly the b g activity
ddmumtﬂtcdinmmmhngﬂlntundcrmwmmm
The am was to cvatuate the role of glucose in m ntre hiamne relessing
reactions, as yudged fram the effect of Azcery extract on rat lung teecuce under the
influence of rutrogen and oxygen revpectively

Materizls and methods
Asearis Extract
The preparation of diceris cxtract has been reported clacwhere, (Uvicks of ol 1960)
The activity of an cxtract, which heatad to 100° € for 20 min In 50 -

Prac to all experimenty the required amoont of dsariscthanol solution was dried
ia racm to chminate the alcobol. The dry cxtract wa then discived in a buffered io-
tonic sotutiar (see bokow) wod the pH wa adfumed to between 6.9 and 7.2. In the
axpermnants with solated rat lunyg thme the concentration of the Acris extract prepared
dwpmndmlﬂmudmﬁnaﬂywmmd.lnlh:ap&lmnvhhm
poninoeal of dscarts extract mw rats and guines plgy is sre the Aswaris extract
way further dituted with baffered motome sotution to the required concentraban.

me

solutioa contammg NaCl (15+ mmale/1) KCQ (2.7 mmole/1) and Call, (anhydrous,
O.Smmolc/l)hxﬁ‘acdw{mSa-m bun‘crmm)mdtﬂ)w(nv/'w



)

10 FIRTIL DIAMANT

wed 23 mecubation medium fn the expaiments with bolated rat thsue. The
of the medstrm was kept between 6.9 and 7.2, i M

Intraperitonsal Infoctom of Ascaris Extract

10 ml Ascerls exiract, treated 23 devcribed above, was injected intrapenitoneally
bwnn(wﬂsﬂ-nglio—m;)mdgmmpp(mghhgwg)dbmhm
10 mun afler the injection the anumals were anenbetived w th cther and killed by
exsanguination. The abdomen was opened and the Intraperitooeal flukd removed by
plpette. The fluid was then cenmfuged (2,500—3,000 5 p. m. for $ mun) and nored
at — 20 C untll xraryed for Wirtamine content.

Three peeces were cut from different areas of the mesentery and wot fixed and
stained in & water solution containing ¢ % farmaldehyde and Q.1 tolukhine blue
\oxtor 1954) At t of the cir a mast cell

Tung lobe was divided mto 6—12 approumatedy equal parts, depending on the number
of amples requred for the expenmrent. To asure a mare or lew uniform dbtributon
of the rat lungy, all amples were prepared w0 a3 to inchide & portion of each lung lobe.
The samples were blotted dry with fller paper and woghed, each sample unally

£t 37° C. The time required for preparation of the lung tmoe samples poor t ocubs
thon was 1 / —3 houre

The lang samples were unifarmly fncubated for 15 mio in the icubanon mediom
‘belore addition of the Ameris extract. In the experiments oa the infiuence of oYygen wed
outrogen of hstamine relcase the gases were bubbled through the solutions ¥is synoge
peedley dunng the 1S-minuts penod. In order 10 & oad foammg when the Axeis

Unlem otherwhse stated the Awans crtract way kept n contact with the lurg mumplor
for 20 mun. The maubation fuid wat then fltered through cotton wool. After cote-
fugxtlon, the pH of the incub flukd wans o ed el ctrically and the flaid
was stored t — 20 C for subscgoent hustamioe asay

Innﬂa;uimmunhcuwamcammudndauﬂxd-bwe‘mndddmﬁ:
yolume of 0.1 ml 100 mg lung nve. The final volume of incubathan fpd amount
mlm!/lwmzlnmmlnvhcvukm:rpmmudwfunlmmmuunofﬁlﬂ
extract amounted ¢ 05 mlml mcubaton fwd I pot etherwiee stated.

For extracton of be hustxmine remaniag in the luny samples after the fncubation
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Table L. Effuct of botraperitormadiy befected 4 ¢ & cxract { in eoit
and goincs pgs

Bproen ol dsercs go-] “Dlarupted™ | Histamine bawo
tucs per | mesenteskc  {per al pene
buffer sohaion] mat o, m % | tonead Sold,
Iojected nrg
perimacnty

Rat 82 ” (3

[ n L2
a3 100 1
Coatrol () <gat
Grioen plg [ 0 o
o ¢ o
Control [ <061

10 mi mpoed faio eack anhal I controb buffered wotenic
sobuton withows xS extract T wae Decd

1 ml of the buffered jsotmmic sodutan wat added per (00 g Jaeg pwsc Exooac
thom was dane by bextmy the wephrate saomples for 30 mn a1 100° Coa & waser bath, The
frinds were them Shered through cotton wodl, centrifuged snd stored ¢ — 20° € unti?
asonytd for bistamine,

The total blvramine coatmt varkd betwern 249 1 gg bistandoe bese per g of hmyg
e m the different

and Tarxrax (195%; 1e bybmﬁzxmmopmﬁ;m:&x!mmchﬁmlbuﬁrr
solimon 16 2 ml I HQY per g of fong tawe.
the smouet of histarume wuwmzbms dlhttoﬂlhnm
commt of the Twog sauples, Thes small amount v doregtrded shen computmg the
histarmxoe neloasn &% per cont of the wead bivtarnme

y treated samnphes:
nﬁmdwuhm%ﬂmiNH&Sm:b;ﬂumm-mtﬂmm:d
w1 founed to be the mume, tha could be

The variaton of A cuced T ridtsoe in B 4
v wrersge wox 14, of the wisd hisawmive contemy (range 4 4~ 50} x
yadged fom 7 dupleate s from diffrent experboents the

00 of the total histamune contrat.
Hicteommy 3537
Hiy way anesned o dred (1.5 X 1074 M ropine sulpharr) gaines
Dewm by comparing, the contraction educed by & sandard hivtanune dify dmchhrz

of guines piy
blstarame revponee. )I-:p,-rlnﬂm(la“‘-—iﬂ”'lf)mplddy
e contractons produced by revdomly sedected experimental sam
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used as incubation medum in the expenments with rolated rat 1 thame. The
af the medium was kepe between 6.9 and 7.2, e w

Tutraperitonen! Impectm of Awaris Extract
IDmlAsm{;cmia.txatcdndam‘bnduhovc,min}um:dlnmpnﬁmﬂy
inmnb(wd@mg)%——m.)mdgmmpgc(wdghin‘m—mﬂdbmhm
lﬁmh:-ﬁcrlbelq}ccdoulhemmnhmlmhahcdmlhﬂhu—mdh‘ﬂtdby
emnguiaton. The abdomen was opencd and the mirapentoneal Budd removed by
pipette The flufd was then ceninfuged (2,500—3 000 ¢ p. m. foc 3 min) ead stoced
at — 0 C until asnayed for hivtamine coatent,

Three pheces were cut from different areas of the mesentery and were fieed and
stamed 1n & water solution contalning 4 formaldehyde and 0.1 o tolmsdine blo-
(NomTov 1934) At ™ ton of the h a poast eell
was cormndered to be  disrupted™ i 3 or mare granules were detected outnd  the cell
A hundred celb were counted from each specimen from wiuch the “dimupton wm
calculated a5 percentage.

Experments acvtk Lislated Ret Lung Tirsns

The method med corraponds, In geperal, with CHaxzavaxTY's (1959) modification
of Usaax and Paxxors (1936) metbod. Male and fomale ram welghing 250—150 g
were wed. After kghtly anextheuzing the mt with ether the thormx was opencd and the
beart rapdly excised. Tho peocedure precioded aspimbon of blood into the hmgs.
Following coanguination, the longs were removed from 3—5 arumaly and stored in
the buffered sotansc solunom. All vadhle bronchl were removed from the Jober Fach
lung lobe was divaded iato 6—12 3y equal parts, depending oo the pumber
of samples requared for the axperment. To swure & more or les umform datribuon
of the rat longs, all samphes were prepared o 4 o fnclude a portion of each lung kbe.
The samples were botted dry vth filter paper and weghed, cach sample unally
werghung 300—600 my (i o bnstance fow than 400 mg). The samples were cut kato
smaller preces (1—2 mg) and ardully wathed with buficred hotonic sotuton, They
were fimall mcubated in smll Erlenmeyer flnks and rocked in- Warburg apparais
,:vcmmemhmdmmmmmmmmw
too wes | —3 bours

The hmg samples were wniformly tcubated for 15 mun In the tocubanon mediom
before addinon of the Axens extract. In the expenments on the Inflaence of axygen 2od
nitrogen on hixtamine relemse the gases were bubbled through the solutions 1a symoge
peedles dunny thh 15-mimst  period. In order to avosd foammg who the Awwns
cxirart was added to the @nmpky, the needles were withdrewn abore the surface of
the solutiom for the rest of the expeanment. In the expenments where the  ficets o
glocose a3 well as magnenum chionde were 1T esigated, thae subrtances were present b
the buffred motanc soluton during preparanon and mcubation of (be fung tiue

nmpla.

Unkem otherwse stated the 4xcers extract was kept m contact with the hung samphks
for "0 mun. The mcubanon fAuwd was then filtered through cotton wool. After centne
fagaton, tbe pH of the fud was d Ty and the fuid
was stored a1 — 20 C for subsequent histaruoc ssay

In all expenimenty the dxcens extract, concentrated as described abore woszddedna
voltme of 01 m 100 mg lung urue The final volume of meubaton Auid
to [ ml/100 mg lung tmu  In the -anous expenmmonts the fim concentration of Axes
extract amoanted 05 ml ml icubavon flud o Dot otherwoe stated.

For extracion of he hutamine remaming m the lung samples after the incubation
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(froshly proparcd) The hisxaoe releass o
compatcd of the wial bistaxtine
s o e relore dediactad
from li

wnra:.-u'moau.h-n.

About 50 / of the releasablh was lib d wathm } mn after the
mmdmmlrmdmrmnzmmlmcdmmm-
erexse after 20 mmn, whch bas been the incubavon tme wed in the present
expenmenty.

Dem Respone

Fig 3 shows the hotamine reesse camed by vanom concentratioms of
Asaris extract 1T and Ascans exoaet YY1 dseorls exract 11 had been stored 3
mouths at 4 C while Accerts extract 111 way freshly prepared. The distriboton
of the valuey are too harge to permit detailed conclsmons but the graph dearly
showy the difference m hstamme releaung actvity of the 2 stock solutions of
Ascerts extract tested.

In the expenments shown in the follownng fgures, dsoeru exmact TH with &
final concentrancs of 0.5 mi/mi incubation furd was wed throughout,

The Rels of Oxpes

Fig. 4 thowy that oxygen lack, prodoerd by mcubation of the lung samples
under sitrogen, reduced the histamine relewse cansed by Ascans exoact xa
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40~
2
§n
u™ Fix 4 Lffet of rirogen
eet of Rl and the
4 Risamine reérave cliekia] fom pej Pt
io- by Axerls cxtract [11 (03 ml{:l Incubution
Dukl) The varistlon of te tews ard
the sponnenuy rebease are f The
FY— O Ny Unen el | el fom L
— . duced ki lne relonse ALl rebease vahues o
» et e prened In , Ttotal hlstamioe consent,
I
EQO‘
o
é!o
5 Tlbtamine rel effect of Awcari oxtrmct 111 (03
20 mmllmxhlknﬂumkdwkm( {
3) after previous incubmtbon wnder nitrogen (mmple
Ba 17 1istamine relens under oaygen w hout previos
10 incubation extract under nktrogen, All v competrd
| % af the total kinamine content. The tpontascous clesw
Is devtucted from e rebesre valoes of samples 1 and 2. $pon-
1 releass o well 11 the histamine relesse under ohiregen

taneos
| 2 3 from sample 2 are dedocted from the relaso value of mmple .
LUNG SAMPLES

compared with the histamine release under the influence of oxygen, The
mean histamine release under nitrogen amounted to 5/ and under oxygen
10 33, of the total histarine content of the lung samplas Thh means that
only 13 % of the hitamine relensed under oxygen was liierated under mitrogen
It will also be noted that the spontancous release with nitrogen approximated
that with oxygen,

Table I1I A, on page 17 d atey the fall of bl Ine releate under
nitrogen compared with that under oxygen in 5 scparate cxperiments. The
histamine relense under nitrogen averaged about B 4 of that under oxyren
(range 2—14 )

"The powitnlity that the decreased amount of histamine found 1n the Incula
thon flulds under nitrogen was due elther to an inacuvation of the Ascerls
extract or 1o a decomposition f tlie released histamine could be ruked out &
shown In Tig 5 and Table 11 Fig 5 shows that Awxaris extracl rr\‘ﬂ'm“"Y
incubated with lung ussue under oxygen lack when reincubatedd vath & new
tung sample under oxygen releated histamine in amounts comparable with
those found in an oxygen contral This thows that the Amans extract was pot
inactivated under nitrogen when in contact with funp thwue In addinon
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Table 11, Wﬁmwdwbﬁa-mduhnubqqhmd
with Krrgre and zivegex repectxely

Experimental Experrmast po-
eoodithory 1 Py ‘ 3 4 5

Orypen 22 (9) 4 (A | L3 (39 13 (43 21 (49)
Nicrogen 0 () 06 (13 | 04 (38) 08 (42) 05 (4B)
Diference ] 16 (—03) 18 (—02) 1S (al) 1.3 (1) 15 (o)

Hisrmine ritaee valoos without partntboes’ tofal kisamiec cootent in parcathews. AR
valoss are given 33 0g hiwamioe bese per g o foug e, | each experimene 93 m!
Axwrtr exteact 11 per mil jocsbatdan fuld wes wed. N commectaon b bern made for the
spontancom. reheac.

prtrogen bubbled through an Axarr extract for 10 mm did pot change the
hbtamuince redeasmg actrvity

Tahle IT shows the diffrence In hostamme release camsed by Ascerzr exract
nndcruxnmnndnitmgmm‘poctwdy =3 well a3 m the total hbtamine content
af the ponding lung det Since for each exp the total b 1
mmtdxymmlynqﬁgfhl:d;ﬁmump‘mdmd:therdmenhu,
the diminnhed hitarmne rebease found under nitrogen cannot bave been due to
decompositron of the histanune relexsed mto the incubation flomd.

Enbuncrmas of Histowine Reloas wder Nroges exd Orrpm

Moumarcaisnd Px, -Daxoer (1957A) dh h hyl
hnnmmrdwcﬁ’umgummpglungmnnbvwntdmnlutdbrthe
peosence of metabolrtes of Krebs cyde, an effect which they attributed to an
Incresse of kigh energy compounds. This effect could not be demomtrated,
however when the lustanune refease was camed by compound 48/80 (Mom-
wrert and Provotyr Dawox 1957 B)

Tt wms, therdore, of mtcrest to investigate the effect of glocwe (yielding
mhwymwmmnﬂumwmdavn)
and of fartor m several of those amymatc

L g 8
pmomu)mdthhumh)erduxcﬁdtrdhydmcm‘aﬁnnmlung
tisue m ritre onder vanows conditoat. In the presence of glncose (anhydron,
3.6 mmole/1) and MgQl,, 6H,0 (0.49 mumole/1) the inkibitan of the hrstamine
relesss was foand to dimmnh Thm, under the inflvence of nrtrogen
the hrtamine relesse from 6 hng eamplas 1o the same experonent averaged
30 4 of the toml hestamine content (range 27—33 .,) From a 7th fong prepara
tlon under oxygen 34 % of the totsl hegamme content was refeased in the
proence of glucose and megnenum chloride m the above concentrations,
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From this experiment hawever it was not pemible to determine whether
the presenco of glucose orjfand magnesium fons had caused the Inerensed
histamine release under nitrogen. A senics of separate lung ramples was, theres
fore prepared in pains with bulered dotenic solution containing glucose ocfand
magneslum chlonde in the above concentrations. Lung samples treated with a
solution contalning no glucose or magnerum cljoride were used &1 controh.
One of each pair of lung preparations was incubated under nitrogen and the
other under oxygen in the same solution previowsly waed for the preparation

It was found, as shown in Fig 6 that under nitrogen the histamlne refesse
cauved by Asrars extract was enhanced solely because of the presence of glucnse,
The histamine release from the lung samples under oxygen was also found to
increase in the presence of glucose Thu, in this experiment 53 % of the total
histamine content was released from the lung sample treated with oxygen and
glucose. With oxygen, but without glucose the release decreased to 33 4.
Thu means that about 60 of the hrtamine release under oxygen in the
presence of glucose occurred under oxygen alone, Magnesium chkerlde in the

wsed had no di bie increasing effect on the histamine
release under nitrogen or oxygen either alone or in conjunction with glicose

Table 11T B shows the huistarmune release cained by Ascarts extract under the
fnfluence of mitrogen in 4 different expenments with and whlout 5 ¢ mmole/l
of glucose In the med um  Wathout glucose as will e seen from the last coloma
of Tabde 111 B, on the average only 2, (range 0—-3 o} was releascd as com-
pared with the release when glueose wae present. On the other hand a1shown
in Table 11T C, represenuing 3 scparate experiments, the lintamine releasc
undet nitrogen in the prosence of glucose averaged 82 (mnge 75—80 )
of that under oxygen o the praence of glucose
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Tabls ITI. A. B. C. Infarwy of cxypea end sitrapes, with snd wthomt

i of glocoss (5.5 womele'l) ‘o the { 2it  hickewow resasw
aicind by Ase U5 edract frm rut lang tuses
4.
Fapr. oo, Histarmime rokosse uader the baflaenes of
~, withoot O, withost N, withoot

ghocoee (o % of ghecowe (In % of ghocoe (I & of
wal Moamine  toal Meamine  rebeass under Oy)

‘contene) ‘content)
1 45 3H4 13
2 (1] +Hs 1
3 o 148 2
4 58 404 14
H L] H H

Expt. no.  Histamise relesse ooder the infloenee of

N, withooe N, with gincose N\, withoo
gocoss (ln % of (in % of ol glucoec (o % of

total bistaraioe  hietamine rekease with N,
consenz) cootent} and pucoe)
1 19 48 s
1 el n7 °
3 04 14 2
+ o3 23 1
Aew 2

Expe oo, Histaraine relesse wnder the infloence of

K, with glucose O, with gluoee \, with gloooes
(0% oloal (o4 eoal (0% e rax
historine blataeine

whb O, and
contrrt) contene) ptocose)

1 200 u2 =

2 301 403 pss

3 s ns o

2613015 dcta phyrd. seand. Vol 57
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cubated with media g ghucosc in
creanng from 5 6 mmole/! Before the additlon to the lung sampiley the pH of
the incubation medium was 6 90

The bntamine refease cavsed by Amwns extract under nitrogen was found to
increase with increanng concentratiom of glucose. Following incubation of
the lung tosue, the pH of the incubation Rulds fell as the glucose concentrapon
ncrenged

Discussion

The speciea difference 1n hostamine release as observed between rats and
guinea pigs afier intrapenitoneal injection of Asotris extract in thy imyestigauan
s not yurprinng mnce umilar differences have been reported for other hstamint
relcanng agenty (Frrosaro and Movaax 1934 Moxaax 1955) The absenceol

dssrupted  mast cells in guinea pig mesentery does not however prechude
the porsibulity that mast cells had been affected by the Aswris extract. Bowdis
(1960) thowed that in guinea pugy histamune liberating agents caused do-
appearance of the mast cells without the manifest  disrupuon” found 1 rat-
Such a duappearance cannot be d d wath the method used in (b3
i The lack of d ble mast cell damage, however paralleh the
pegatlve finding of histamune refease. Guinea prgy, therefore are
by the author to be smuscepuble to Ascens extract in the concentranon wed
The histamuc release from rat lnng tsue cliated w are by Axens extract
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udcpd:dantonﬂxpﬁdthehmhhﬂnﬁuid,mdnnnmﬂrdmnluum
obtamed when the finsl pH s between 6.8 and 7 1 This nccords with  previous
investgation by Uvicis ot ol (1960) concernmg the effect of dsens extract on
mast cells i snitx, for they noted » pH oparmum aroand 7 0 for Awens-anduced
mast cedl  doguption™ in rat mesentery

Jodging from the time course of Amens-mduced histamine release about 50 %
of the releszabl was Lit d mto the b fluid wrihin | min
and the release was completed between 8B to 16 min after sddinon of Awens
extract to the rat lung twwze. This & in accordance wath the ime coarse found
by Caaxsavaxry (1959) for apaphylacuc hvtamine release from semitized
gumnca pig lung tmre,

Dufferent stock solutions of dsoeris extract when med under identical expen
menta]l conditions at the same concentratton, show subsiantal vanstans in
thar hstamine relessng capacity This s attributed partully to unavoidable

viorage.

found after 2—3 months of starage with 50 %, alcobol at 4 G, The mnactvation
ocours gradually Asverts extract used in cxperiments at varying intervah after
preparation may thuy give e to vanator m histamune releare. Since, howe
ever a single Agcants extract waa used 1n anry grven experiment, the comparmsam
presented refer to histamme relesse as dicted by the same stock solution.
‘The effect of axygen lack on hatamme release from hing twuc bas previowuty
been investiguted by Paxrot (1942) Momaar and Scamo (1957) and Caaxea-
vaxry (1939) Unng Tyrode soloton as mnenbation medium, these suthors
showed that anaphylactic hatumme refesse = nfre from gumea prg lung baene
requires oxygen. Paxnordid notpresentfiguros but AMowoax and Saamnp reported,
an sverage of 32 % hatamme relemse under cxygen lack (range 6—55 %) as
comnpared with the release under ar Chasmavazry found, with axygen lack,
& hivamne release rangmg between 14 and 29 %, of the valoe found when
cxygen wes bubbled through the peeparation dunng incnbatwa. In raty,
bowever CHADRAVARTY found no effect af axygen lack on ather anaphylache
or compound 48{80-induced histamme release from lung timne mcubated
with Tyrode salution. Mamaar and Sammwn, farthennore, reported an merease
under axygen lack, of compoand 48/80-induced hutamine redease from guunea
g lung tiwoe. Since gumes plg lung timue s markedly insenutive to com-
pound 48/80 and only responds when submutted to 100 to 1,000 times the con-
centratsn pormally needed for hatamune liberation m rat hung tusze (3losoax
and S@mip 1957) the effect may be an nnspeafic ane (Bowdws 1960) In the
peoent cpenments withont  glucose, the Amensinduced histamme relesse
from rat lung tmue o wtr amounted, m axygen lack, to only about 9 % of
that Sound with axygen. In earlier reports no Information has been grven con-
cernlng the presence of glocoe m the Tyrod  solutwoa used. The fact that
giwgfﬂﬂyrﬂmh:ﬂhﬁnmnclhﬂmundﬂuxygmhﬁ,nw
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thuprn-}amlyrtponedv:mdominhuumhcrdar\mdcrurygmhckmy
have been due, at least in part, to praence of glucose,

The acceleration of histamine relcase under oxygen lack in the poesence of
giucose\yufotmdmpmgrmmthlncruﬂngconccutmmmn[ghmr.m
the same tme the pH of the Incubaton fuld shufied more and maore 1owards
the aad nde. Since Awanvrlinduced hustamine release vas greatest st pH
around 70 ths shuft tonards the add mde cannot in itsedf be the cruze of the
increzsed htamine release.

The presence of 56 mmole/l of glucote was found to enhance histamune
release ebiclted by Asens extmact from rat Jung tesue i by not coly under
nitrogen but also under axygen. Thus far the maximal histammne relexse has
been found when the lung tsnie was cxposed to 4scens extract under axygen
1n the prasence of glucose. Comudermy this release as 100 S, the relexse under
the influence of nitrogen and glucose was somewhat lexs, amounting 1o about
80 wnh oxygen 1n the absence of glucose the release was redoeed 1o abowt
60 ., with nitrogen in the absence of glucose Ioa than 10 % was released,
‘These figures most be regarded as xppr and no fcal anabyxs has
been undertaken. Stmilar cesults have been found, however regarding the
cffect of glucoee, oxygen and mtrogen, wn raspect to anaphylactic hustamine
relese from rat lung as well as from guines pig lung tosue, and slso 1o respect
to the release cawed by compound 48/80 from rat lung tisue (Duasaxt
unpablithed obtervations}

Ansphylactic hstanune release from guinea pig lung tusse, according o
Movoar and Scrmp (1957) and Craxmasarry (1939} invohves enxymabe
energy-rey; gr Thar cond were drawn fram the observation
that lack of axygen camsed an inhintlon of the histamme release m nin
Motmatet and Provoust Davox (1937 A) showed, as stated above, that
severnl of the metabolites in hrebs cycle (succinate, a ketoghrtarate and acetate}
had a sumulating effect on the acroluc anaphylacte htamine refesse from
guinea pig lung twoe The was anributed t0 an mcrease of bugh eoergy
compounds annng from axd, of the bol, The corrent observapon
of an increased hestarmine release produced by the addinon of glocoes, sopports
the view that enrymanc reactions are mvulved and that high energy com-
pmmds.dcnwngﬁunlhcmzymadcbrukdmo(glncmc,mnybco{mﬂ
ugnificance. It is apparent from the resalts that m the presence of glucoss, est2
when axygen 1 lacking glycolyns may yield suficent amounts of high energy
compounds for hustarmne releanng reactions to ocour

In the present expermments, histamme was released from rat Jung tasee Wi
the influence of oxygen wathout addrton of glucese, even though the expermet
mpmdmm\d&dmmmrdmlmmﬂamhﬂmﬁ“bm
oot yoluton foc [ /3 hours pnor to weubanon. If;, &1 , be
wmpmnﬁ;nmmwfnrhhnmmerdmemm R
mfmtdmtglmurmmcdmlhchmgmmlmamnmﬁumh
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a¢erob ¢ conditrons, However the posibility mmnt ot be di d, as noted
by Bavo (1954) and Kxrze (1957) that in the presence of oxygen, high energy
compounds may be formed from sources other than carbohydrates. On the
other band, in the absence of axygen under corTesponding

dcﬂ.ﬂcdwmuﬁnmtmyﬂdmﬁhxghmmw‘mpmmd‘dmngtb:
15 mnate peniod of nitrogen exposure precedmg contact with the Awens
extract. This would suggest that the dimmuhed hisumme relexse found under
the influence of nirogen may be due to lack of glucose and consequently of
ngh energy compounds. This n further supported by the finding (Drasant
tnpublnbed obaervatians) that phlorisn under certam expermental eanditions
in.h.{‘tunt.h stmulating effect of glecose on hutamine relesse in the abwence of

H.'\ghm:rgycmnpamﬁlmunﬂducd pecewary for active tamsport
acrom cefl 1 19534) Snch a mechanism
mnghtbcmvdvdmhmmmcrdudngrmmomnl“yhyﬁundc(mlnei
The final proof of an wvelvement of high energy compounds m hutamine
reactions 1, to judge from the releemnt Literature, still lacking sl

cells from rat peritoneum @ s by Drasaxt and Uvids (to be publsshed)
show that the disrapbon™ camsed by compound 48/80 decreases upder nurogen
and that thy effect B counteracted by the praence of giucose.

Tinancal arpport for this lyeigation from Srensks Silkbapet for Medicnd Forsnlog and
Karolineks Tnetitmiet b grawhidly ackeowledged.
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Note on the Effect of Increased NaCl-Concentration

on the Neur lar Tr issl
Does D fen to Acetylcholine Take Flace
during Tetanus?
By

Guowr Locrearn snd Kxor Nars
Reorired 5 Jaooary 1961

Abstract
G. and K. \Atm. Vets on the (ffact of Encrmceed
—y—cxclar Acta

Trarsierr (1959) hax recently published results obtalned by we of d

eoncentration of NaCl {2.0-—2.3 times the normal ane) on the peurammenlar
transmimon m the rat phrende nerve-diaphragm peeparation. The purpose of

23
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wmg ths method was 10 reduce the mechanseal movaments of the muse,
malung mtaceliular recordmg of end plate potentials (e.p p.) ponible without
wmg tul me or mAg It had pr dy been & d
(Howaxmit 1958) that twitch responses are abolithed by we of hypertonic
solutrons (cuncentrated Runger s solulion or solutiony made hypertonle with
sucrose)

Farr and Karz (1952) examined the cffect of sodium jons an the neuro-

1 tafon, They fined the I 5 to the effect of de-
creasing concentrations of sodium, but aly made 2 fow observations on the
effect of increased concentrations of sodium and additron of sucrose, thereby
differentiating between the ommotc and the speafbic sonic effects. Smpe of
their rerolts will be discussed 1o relation to those of TretLxry and the present
anes.

TizsLer? used § Nl ] {es and tetame it fallowed
by electrophoretically applied acetylcholing (ACh) and concluded according
10 hus expenmental results that “desensiuzation of end-plate receptors b
produced by the tranmmutter agent snd can account for the dedline tn amplitude
of the soccessve end-plate potentuals, Furthermare, the desemltzation proces

is likely to be at Jeast partly respomsible for the )

faflure known a3 the Wedensky mhibition.”

We are at present engaged in investigation of the Vredemky-inhit
produced durmg which sccordmg to our results most b~ 3

pamarily presynaptic effect produced by tubocurarme (Lorpien and Nary
1960 and 196])

For our further work a2pd a more detalled ducuman of the possible pre
synaptic effect of tubocuranne, the present investigation and cosumg do-
<untiont have been mecerary

Methods
Rat phrenke nerve-diaph prep were prepared to BOLyzre
(1946) Trotonic contractiom were recorded a3 vroal on & kymograph and cpp wov
recorded on sul d prey with a ¢hk ed silver ek de with  diosexr
of | mm, solated 1o the dp. The end-plate ro0e was Jocated to urual proce-
dures (doscribad m mace detadd by Liutaress and Aarss 1971) Todiee: sopramsrza)

snmulaton with impubses of 0.3 meer was wrd.

Oxygenated (+ 5 % CO) Tyrod s solution was wed, and undinohed N\ G w6
edded to th bath o an amount pecesary to doable the concrntravon of that st
Decroased ontentration of NaCG was wed in l‘ev:rpamms'nm-u-ddd
o make the sohum kotome. 1| VRU bysturcaidesc (Lrvasin®  Luodbecs™) pof
100 m) was weod m ote cxpenment to make the coonective omoe of e prepansx
mm&hwuzdmmmmmemmmmdnnﬂ

as pasitde



with a frequency of 100fsec 12 & control cxpermment no sign of the alightest
Vedemky ihibition was observed. The reduced tetame contractions have on
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wmg ths method was 1o reduce the mechanioa! movemenss of the mud,
makmg miraceliular reeordmy of end-plate potentalt {e.p.p ) possible without

tubociwsrmt or magnenum It had previomly been denoartrated
{HowanTir 1958) that twitch responscs are abolished by uwe of hypertanic
lutiany (concentrated Ringer's edlavon or salutany made fypertome with
sucroe)

FAndeAn{mﬂ)mmlncddudTectofmdhmhmmﬂmm

They d the investigation to the effect of de-
creasing concentratons of sodium, but abo made & few observatant on the
effect of incressed voncentrations of sodivm and addusen of sucrose, thereby
differentlating between the osmotic and the sprasfic sowe cffects. Some of
their results will be discused fn relation to those of Twrvixsr snd the proent
ones.

Tuexeerr used intraceilutsr microclectrodes and tetanke stmulation fllowed
by electrophoretically appied acetyleholme (ACh) and conchsded wecordiog
10 his expeomental resufts that “desensitization of end-plate receptoss &
produced by the tranmmitter agent and cun sceount for the declme 1n ampheads
of the succesive end.plate potentish. Furthermoce, the dacnﬁwuﬁuaptwcs!

fs likely to be at feast partly e for the

ﬁihuclmmmuthc“cdm}ymﬁibxﬁm.”

We are as prosent cogaged in b of the Wedenaky inhitatk

wodumddumsmumﬁmwﬂchmdfngwmmuiumbcu

prumasily p ptic effect produced by tub fne (Loixiren, snd Aars

1960 and 1961}

For our further work and a moce detked discunion of the possible pre
eflect of b ine, the present investiguuon and conung do-

P

cunjon have been peremary

Methods

Rat phrenfe nerve-disphragm prepasction were prepaced according to Birsere?
{1538} !mkcmmmwermdcinwudan-kqunpbmdamm
recorded oo sub Bons with & ch 3 de with & Qe
d!m.ﬁllkdwmdp.ﬁcdzd«ﬁmm m&qmmmlp‘“““
dhumree {deacribed b more detasd by Livtamen, sod Nazw 1961) Indirees speamaxioed

at pomible.
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Y AN
A BAMAN,
Am(?, e e i o bapnre

Ao
m:hrhy)nmd—ul i afr

sgls cpp. bk with $0ec (B ; md m,‘:c c \m&m&w‘m
©x

LpphhaMthdmmthrb:dwamthcnmplrmch
the before plete block I obtat

Fig 44 bs obiamed by stmnlatum with frequencies of
50 and 100sec. shortly before pure e.p.p vas cbtaned, Only & very soall
fracton Is Dot pp, and no comtrachon occury during tetamuc stimulatwm
at thy stage of approsunately complete Bock. We found a slight but readily
cbecrvable incrense of p ls m tho introd y vtage of 1| when
50fscc vas wed and sn approximatcly stable level with 100/scc. At a later
stage of the NaCl actson we woally found a gmall decresse of the e.p.p. just
after the begmnmyg of the stinrulaton, and our resalts are m this respect m
confoarrmty with those of Tersixrr The decrease was, however never of the
mmagmtude seen at the stage of curarimtion when a Wedemky Inhitihan s
well developed (Lousea and Naes 1960 and 1961)

To complete the pwhure the pomible change m the amplitude of the ep.p.
after reducton of N C1 have also been tested (Fig. 5) The ssbility of the
©.p-p., especially m the fint stage of a tetanos was again th most remarkable
feature of this type of block, even of there was a slow decrease of the epp.
during & fong wrtamed tetanus.

Discusslon
Bmhmcchlmnlrtm‘dmgmdrtpmtkncir_pp.dmmmmtbum
Wedemky mh by of NaQ. It
wcnn.nbach‘c,m:pum‘bl:maphhxﬂmmmhannmbchmdm\vcdmky
inhitvtion by » Irypothens based on » deelme of the e.p.p. during the influence
of increased amaoumty of these o, The reduction of e.pp s not at all & cone
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stant phenomenon. If a reduction takes itd
it place, evelops very slowly and ht
An increase of the e.pp can be obtained even fn the first phase of stumu-
Iation, when the mechanum behind the very mpldly developmg Wedemby
inhibitlon — for example during curanzstion — smust be at work,
HurTer (1952) alw falled to find any change of the AChsemtinty of the
motor end-platz duning a Wedemky Inhibitlon produced by tubocuranne,
and Juded that this pk must be of pure presynaptic orfgm,
a result which also conflicts wath the hypothesls put forward by Trrsterr
(1959) (See addendum.)

Prevwusly deseribed chanpes e the soervmascler raxomuswen praduced by werraed
sadixm or acreased atmoluc pressare

Increased concentrations of NaCl probably have two different effects on
the processex 1nvo ved in the nearomuscular transmisdon §) the speafic effecs
of the increased concentrations of the two jon, il) an unspecific effeet of the
inereased oamotic presmure, Farr and Ratz (1932) exammed the effect of
increased concentrations of sodium and of sucrosc on the e.p p. of frog sud
found two opposite effects Sucrose decreased the e.p.p. but sodium itself
produced a tendency to increase. The two effects may compensate for each
other keeping the e.p.p an a steady kevel but the increanng eflect of the
sodrum 1on overcompensates for the depremive effect of the increased ommotic
pressure when curanzed preparations are used.

Liry (1956} demonstrated s double cffect of mereased csmolic pressure
produced by sucrue, e a significant increase of the frequency of the mun-
sturc potentials #od at the same tume & reduction of the e.p.p. was obiained
(40 % with & 23 % mcrease in the ommotic presure) An increase of the
fr the mi e pot Is is believed to be an mdication of &

to mereased release of ACh by nerve mapulws (Eccues, Py and

Loxy 1939) Two dific hanbmes which ct each other seem,
therefore, to be m action dunng merease of ommotic presure, the postrynaptic
decrease of the scetylcholmesensitvity being the dommant one.
Tnesierr found no chsnge of the ampliude of the mb po L4
m ho cxpermments wath increased NaCl-concentravons, a findmg which was
taken as a proof of an unchanged senutivity of tho end-plate. This may be
in accordance with the results of FATT and Karz, who have demanstrated
that diffe hani: which exch other are st work under

wuch cr

The unchanged ACh-sentitvity mmder the nfluence &
mereased NaCl-concentratiam does, thus, not imply that the postyynapte
mcmbnnelsunhﬂucnc:dbymelmphﬁhlopalwudlmnpmduwibyd!
hjghl\l(ﬂ-oonccnmlmnndrmwhlnaﬂnlmnn:rmﬁﬂ'amtapﬂ*
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4

mental p — m for ple — the bt of tetanie stmm-
hnonudAGb—cppln&mmcdbmi

Diftrext stages of cffect of oacreassd NeCl-conconiration,

The neuromuscnbar effects of small wns such 2 magnestum and calchan
are rapidly produced, and it b alo hughly probable that the specific cffects
of sodurm sre produced as rapidly while the effects which are duc to the
mmcdmmicmmmuhmthmmbcmﬁ;ﬂyuuhlﬂni
It &s obviowly & ible to di L between these two actians
inlna:pcrumr.l!u,howcvu mh!cmp-um.ednt!h:rpcdﬁccﬂ‘cct
of sodnsm W the predommant cne In the fint phase of actin, while that of
the changed oumotic presure produres ity strongest effect in a later stage,
Whmbothmcchmmmul-zﬂunhvepmduwdlhdrﬁxﬂcﬂ'cuthcpmpa-
ranon works under such ' it that deductions ahout
phphlognlbdnrhn—mmtbcmdcwhhd:cutmoﬂuunm.

Rersl! of preseat ecestigatven tx reiaton bo provwns resalis
In the first phase of the acton of the mereased NaCl-concentration we
formd a tendency to angmentaton of the e.pp. — and Do decrease — even
1 stomulaton with frequencies as high as 100/sce was used. The decresse of
ep.p obtamed durmg strmulatin at a later stage vas, furtharmare, bmirted.
Thrdauvcmnam:yd&hcnn:qihndeof!h:cpp.dnﬂngnnuhrdlﬂam:
was in our | k the most kable faature of the NaCl-
It is, therefore, not 1 ihic that the results obtamed
by Tersierr Ll.thﬂmcmgiyrcduceddfcaufdcwuphﬂtdaﬂylpplkd
A(llmmm:dnldylﬁunkmjhdmvdthmnlcbwmufmndmmﬁtqumdq
may be duc to the unpk dinan of the prep
Th:mcdnmmbd:mdﬂ::hwndjmhlorkwmmtbedhamcdinlhh
paper The reader » referred to the work of Fatr and Katz. The only pont
which it s necessary to keep m mind for this discomson 0 the stahility of the
p.p. abo when the block has been obtamed by this method. It 13 temptmg
to state that the conwustant conclunon of our cxperiments Is The e.p.p proba
bly does not change even during the mtroductory stage of a tetams wmder
nmmlphrddog!alcnnd;m.whcnmdnnnctd:mmbeob&wd
. of pure bi e.p.p,bydﬂ:n‘lawm'hlgh
nodmm.ThetnialWedcmky'—‘“' cha d by don of
& tetanic contrachon to & very shortiived twitch, 11 according to tho con
clumon probably not camed by any normally exirting change of the ourput
or scutrvity to ACh during the first phase of tetamn. This conclunon b alwo
connrtant with reuls bhamed during the y stage of rivation,
when the stability of the e.p.p. also was the rel dy aurprsay exp 1
findmg (Lorrarn and Narm 1960 and 1961)
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MorcdircctcﬂdmccutthcAdwmdvilyo(lh:mwrmd-phmhn
previownly bcmubtlmcdbyla_n' (1956) Thu author has dermonstrated that
no change of the ampl of the 1y oceury durmg o
mcdutdylflcrnlctxmn.'l'hulccm:tobcldn-cc(proofd’m\mdnngcd
sermtivity of the motor end-plate dunng tetanic sumulation. In the connecton
there 13 also reason to repeat the raults of Hurres, quoted m the beginning
of the discatlon  The acctylcholme semsitivity v not changed durmg s
Wedensky iohibition, & ¢ during a tetanic strmulation. It 13 ol very difficult
to camune e.pp. changes durmg a tetanos 1n a mammalian preparaton
Lmlnﬂumwdb)dnmwmoriom.ltu.howc\tr tempting to look to
the g {on for comparl Eccirs (1955) has recorded

Is by microclectrodes 1n ganglia of rabbits The relatie
u.bihtyuﬁ.hac potenuals, even at relatively higher frequencies (up to 40—
30/sec) was remarkable in thn mveshigation t0o. A further ducumon of some
of these and mmilar results will be taken up m our followmg work on the
presynaptic effect of tubocurarme.

We would, however at the end of this discumon emphanre that jt o o~
postible by our expenments to prove that desemitmtron does not occur at
-udurlng-mmus.ltmy o(wnrx.be!hxtdcvdop‘mm!ofdcunnmum
i d and d — or cven ! by a real -
aw-euf!herdascafAC!lduxmgtbcﬁruplnxofltmmcnmh&n
It may be that such a rel 5 y occurnng
Facs d under the d bnwgbxlba\nbthcmuns:dN-a-oon-

jon and the hyp duced thaeby TrEwesrs reslis
dmml:qu!teduﬂythnldumﬂhntmmﬂyaimmda!h:a}lﬁ'
mental conditions of his expenumenty. The decrense of the e.p p. produced by
admimstration of ACh was, however nnpnnngiyluongcnnqnmdwﬂhlhc
J often relatnvely smuall decline in the e.pp prod
g Thn;camlohnplythummmmlheAG:-rdaxpamqmbcpmbﬂBf
must take place dunng the introductory phase of tetame stimulatron. Otber
rcpumwhmhwﬂlnovbcmcnhoncdhcre,h:dxam:hnﬂxuﬂwtyh'ht
P fibres burred with ] or electramc spread of the acoon
potential and the release of ACh produced ticreby is followed by a state of
haulcdpnpamdnmforrdamgACh(fnrrd‘mcax:Eamdd

1959) Such a mech would p ap ion of ACh-relense dunng
the trantmmnon of repetitive samuli — & proces eventually compensating
fm.panfbleduamdnuon.hioremdheamdmcem[artbe}iﬂm!~
as d above — to dict a procen of d during a short
tetamus under phywalogical cond That a d i to ACh tak
place durmg s mare prol d tetanic has been di

by Esxgevic and Mognr (1938
tetanic strnulatan will be more
papqmthepraympuccﬂ‘cctaftuhocunnn&

) 'I'hccouncofd:crd::xa(.‘k(}ldnﬂﬂ
comprehensively discused in our followrg
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Addendum
Omuxa snd Exno (1960) have quiwe recestly publithed rosalty obtabned in operimenn

pare proymapec procodure.
n:nhmdumd-imnnd‘rm.nr' might be dne t e of difficrent sprcies, but Horran
oeed  memmoslun preparetion.
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From the Unfverstty Jostltute for Respiratory Physiology Department I,
Ullevil Hompital, Osbo, Norway

Respiratory Response to Acute Exercise in Induced
Metabolic Acidosis
B
H E. Rermum
Retcted § Janwary 1961

Abstract
Revsow, H. E. Reapincry respomec b acwle coervise ;v bubuced mactabel
oowdesis. Actx plvsiol. somd. 1961 52 32—85 — ‘entihation,

moderare. The incresses of the resting and working weredot
%0 incresses m the tidal volumes only The recovery timef of carbon
dioxide output and fon were d, while the

Uldng & standard oxereme texr for evalustson of cardorespinarey fupcton
{Eaxxson 1952, 1957) eonmsung of recorting earbon dioxide ontput, oxygen
uptake and ventilauon wath the perf; of 500 kgm work I
one minute, Lanox Awneases (1960) has found carbon dwamde recovery tanct
of 25 mm and venolatory mcreaces of 20—40 1 (ATPS) in young, heaithy
men, Exrstor (19601 hus found that i scvere tory dmeas the
carbon dwonde recovery mes may be increased up 1o 1520 mm, snd Eax
sox and MoLirr (1960) have shown that atmormally hugh ventilatory 1

82
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g \]\Jm:umﬁm u\jguu‘u NS
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} Sectioms of the sprometcr curves, rroocded befrs Jatake of aommonmn chilorkds (A)
I i ot ol 55 & amakrmn, hioeide I the come of 48 o (B). (1 entflation,
% Carbon diowide oxaput. % Roplmasory diffcremes carve.)

cremses, exceeding 60 1 (ATPS) ln panents with pulmonary discase, and 451
in patsents with no ngns of pulmonary ducsse, strongly indicate cardiac disese,
provided that no acxdotm o present.

Earber have d ted the infl of exper \,
induced memabohe acdem on the ventilation at rest and during steady state
work (Haldane 1921 Do of ol 1931 Nosex 1936, and others) The
purpose of this work has been to Investigate the infl of Induced metabol

ackdmit on the resprratory resporse to acuie exereoe.

Methods and procedurs
periormed sccording to Eddkson (1952, 1957) by re
pulmonary ventilation

output, oxygen uptake and ventilation
were defmed a1 the times from the end of the exerese till the value of the sctial parameter
waa less than 10 per cent  bowe the mean rosting value. The increases In carbon dioxide
outpat, oxygen uptke and ventilanon due w0 the cxerdse were determmed as the dif
ferences between the total vatue of the actual parameter durmg 10 min period — in-
dndwlhnhnprc—md-unﬂmne,tbemmhww the following B min — and
the mean resting vatoes for 10 min.

The excrcim trst was perfarmed oa 3 consceative montings by a healthy well tratned
male sabject (32 yoar, beight 190 cm, wolgit 79.0 kng). Between the first and the second
tert 10 portioms of 2.5 g ammoniom chionde were taken per #1 betwemn the second and.
the third tret addibonally 30 g were taken m the rame way The total miake of amrmo-

sammple was taken, and the CO combining
power of plawns determined acoording 1o Van Siyke und Callen (1917) Fertyfve min-
utey after the Last test an arterial blood somple wa taken and the blood gas valucs deter
mlewed (Rcroou 1960)

3613015 dcta phpsiel scend Vol 32
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+o ot cxrrclss in Indweed mwtebelic acidesis, (Contrd B
' ey Al extoke of 25 g ommenisn chleride iy the coure of
24 hors. 48 krs Afur [stals of addinal 30 £ crcacaiom N arvic in the follocing 24 hwmcs,)

Cartrol 24 b 48

Reaing oggen uptake, mlmin %3 m 7
carbon dioxide output, mlimin 258 46 !
ventilation, Vmbe 79 94 105
Tespiratory Tate 137 133 13

HWork, hpm perfrmocd in one min 138 sio 5t

Net work efficlency per een 204 we 197

locrense {n ventibstin due to work, 1 ns Hi4 &0

Vorking resiratory rate 16 16 1

Intrease in curbon dioxdde output due ¢t work, | 115 (2L 8

Recovery ume of carbon diexide outpt, min 1 3 4

oaygen uptake min t 2z H

» entihation, min 1 3 H
All vohrmes are glven a1 ATPS.

Results

On the fint cxpenmental day the CO  combaning power of plasma was found
to be 26 0 megfl (t ¢ quite normal) while it before the second test (after ntake
of 25 g ammomium chioride in the course of 24 hours) had decreased to 137
meqfl, and before the thurd exercise test (afier an addinonal intake of 20 g
during the following 24 hours) it was 135 meg/l An srteral blood mmple
taken 43 mun after the last exeraxe test showed CO content (plasma) 115
meqfl, pH 713 CO tenmon 32 mm Hg, hemoglobln oxygen saturation
97 § per cent. Dunng the expenment the body weght changed from 790 ks
on the first day to 77 0 kg on the second, and 76 0 kg on the thurd day

Fig 1 shows sections of the spirometer curves, recorded on the first day be:
fore the intake of ammonium chlonde, and on the third day after intake of
55 g in the coune of 48 bours. The data calculated from the three curves recorded
are praxented in Table [

Comments

Therudngu!y‘gtnupﬂhlndmrboﬂdnﬂdeoulput,d}cworkpﬁw
and the net work efaency varied withm relatively nurrow limits in all o3
This incheates that the experimental conditiony &5 far as the exercle testt £
concerned must have been practeally identical,

The Intake of ammonium chlonde led to a marked increass of the reits
yentilatlon, the last value beng ﬁpumthighumﬂmmud"':‘
but all values were wittun the range for normal subjects. The ventilatory
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cresse duc to the exertise increased from a low normal value in the control
test to a high, normal value on the firt duy with acdoshs, and anab-
nonmally high value on the second day wath revere acdoss  thu value being
.ppmnmntdyl%p:rcmthxgbcrthmﬂ:muuolnlue.ltlppanfurdur
that the respiratory rates, both for the resting persods and the exerase minutes,
were the same m all three testy, thowmg that the inereases in restmg and working
ventilation were the results of increases in the tdal volumes only

‘While the resting values of carbon doxide ontput were practically the syme
m all three teats, the merense in carbon dioxdde output due to the exercne in-
areased clearly dunng the acdoa, the last vahre being approxmmately 50 per
cent higher than the contral value. It appears, however that the very high
increass in the ventilation doe to the exerenc oaly led to & very moderate
excen outpat of carbon diaxade, and conyequently to a very Jow carbon dsande
copcentration in the expired arr (cp Exmsox 1957) The ventllatlon and carbon
dioxide recovery mes incressed from low pornml valua in the contral tar to
high, normal values 1n the last test, while the oxygen recovery trme showed no

rapitstory respome to brief, relatively moderate exercise & often found m
pabents wath deflnite cardiac or cardiopuimonsry discawe (Exxsox and MOtres
1960) 1. + with restmg ventilaton within the normal range, and abnormal
ty high veatilatory tncresse doe to the cxerone, snd increased carbon dromde
recovery time.,
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Effect of Dietary Seleminm Dioxide, Cystine,
Ethoxyquin and Vitamin E
on Lipid Autoxidation in Chick Tissues

By
Jorx G Biexi Hewwx Das, Ivae Praror and Essx Sovperoasnn
Recoved 12 Janumry 1961

autoxd
dation m iscubzted umve hanogenates wa studied wmg the thio-
baristunic acd test. Ethoryquin (0.1 %) was a3 effectnc & thyoe sot-
axdant ss was dl-o tocopberyl scctate (001 ) SeO, (014 046 and
1 4 ppe) i ly inkiluted widation 1o the lver Ladocy and
beart the effect varked with diffqent namin E-frce dictr Lcystine
{03 %) reduced artoxidation m mouscke when fed 1o & cascingoanne
diet

The aotaxidation of umue fatty acads which occurs when homogenates of

ccﬂ]nrucuhtccu:uponcnun.reh)c:zba(cdmllrcnnbcgrmv.}yrc!‘fnf-!:l?’H

wﬁaanlnmdmt.mtbefu’mofwummﬁ.ufcdwummhpnﬂmd"

removal of tesues (Tarpxs and Zarsov 1959, Maciux et al. 1959 Baou and

Axpresox 1960) In addibon to thes effect by vitamin E, it was found that under
Falbright Roearch Scholar m Denmark, 1959—60 Present sdidrom Laborawory oA umthes

and Endocrmology Natwonal Instmute of Artbertis and Metabolc Discases, \atiomal

of Heahth, Betbesds, Maryland, U 8 A

36

Tmntlrues



LIFID AUTOXIDATION DN CTOCK THNOTY 37

Teble I Cuapesttn of busal dists o preomapes

Dict mo.

2,504 1M 2,303
Tarula yeest 3N 60
Soybean protcim »
Cawie. 13
Geintine 3 10
Lol mbxgare 517 517 sy
Vizemin méstare o1 ot o1
Choline chioride ] 02 0z
Sacrose ns R 22
Lard 1

1

The dicts were sopplescnted with 1 mg Synkavi "Roche  (Di-calckmn sk of 2-methyl.
1 4-;aphs Wokdroquinoac-Eipbomboric sckd ater) por 100 g Vinming A and D, were givon
o ot propared fom cnyealfoe vitmie A scctate (Roche) | g crystalline vimmdn
D (Roche), 00038 g “Tween &, 64§ ctiyl aloohol, 100 mlj end datled water t

toal vokrme of 330 ol 0.1 ml twie  week per aaimal fzmihed 250 Lw. vieamin A and
20 Lw vimmia Dy pr day

meundldcmlhﬁfctdmgnfsdcmtemthlchdgnlﬁandydcamdhpid
paomdation m Erer while the feedmg of Locystine decreased

muscle (Beeur 1959) Thl:pf\:-a:lmpuﬂm:nd:d:ueob:crnmmodrer
timucs when clucks are fed different types of vitamin E-free diets.

Experimental

Day-old New Hrmpaltdre and Whit Leghom chlcls were ghven s commmerels] starter
ratlon for § days, They were then grouped and fod the experimentl diets abown in
Table 1 The viamia Efree baesl dicts difficred primardly in their protefn source. After
21 t0 35 days on the expermental dacts, the birds were sacrificed and the thsues remaored.

mme tme.

The tiawacs were b d and 1, s deseribed previomdy (Boeas and
Am\?ﬁ!))&id’y!msmlliub%whpbmphnsbuﬁ:r PH 74
was pipetted into 50 m! Edlermeyer ks, These were Incubated for coe hourin 37° G

vater bath, with shaking, in an atmosphere of air Thereafter 1 ml aliqoots were plpctted
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Takle I1 Swemers of the sacldonss of tamin E sy pympioms

Group { Baul { Source | Addition to bam! | Days on | Ioewdenen of
Ba, diet ol diet diet — T v
no. protein v
diathesls | malicia | araton
of brexx
waches
2304 | 2308 {Torula |Nooe 2-32 be e
2313 yrom, 14 pp 850 o o
1316 grintime {045 ppm SO [id 1"
2317 014 ppm 30, o g
1,308 8! Eihotuquis ied o1t
2311 008> dba o "
Totophery!  coam
1343 | 2313 {Soyb None -1 1588 o 1w
234 peotein {03~ L-Cywie 34 ait [id
2,43 01 Lehomyquin [ o on
M6 046 ppes 80 o o IS
2317 09} o dor o ot o
Totopheryl acetate
2383 | 1383 | Cawin, {Naone 3133 o or »
2581 griatine {03 L-Cynine ol o ™
247 14 ppm 8O o' o o
2387 001 dta ol [ o
Tocophery! acrtate
The superscrpu indacate (he mmber of chicks in the group.
J ,T.u.m Thebarhiteru ad (TAA) reiwr o bemagoodes of carss tisvcs from chicks fol
dicts combpxing G0 %, Torula yeast. Froding perwd 22 ts 32 ders
Group | Addiion 0 basal { o | Mean TDA valuer 3 cundard error
et na. 2,304 ;m Liver | hadney | Spheen | Boeant | Livp
omcle
2304 | Nonc 7 1361350301l sy M0
1315 | 14 ppm 5O 7 fumsaei o n] s 4 2E 9
2,316 | 046 ppm ScO 7 bmresslts efmexir| 9z 45kl
2,317 | 014 poen 80 T {iotr16]s92 sfor Lo sk 81X
2308 {09 % Dahomyaqun | 7 | 19 6] 8% 1] stk 7| sz 1| HE!
2311 {001 % di P
Tocopberyt moctate 7§ WL S| S5t M| ;L 2

Absorbency at 330 myt x

TBA test perfonnerd an the day of merifier
TRA ralua ctimsed on umoor stored 6 to 33 days a1 —20° C.

14 ppen By = | ppm Se

5000 £ sandard emror
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mmljmlc{lo“uichhuedc-dima:mtdmm:ﬁwmdlmmnmjﬁuy
wexy was 1 ired sokution 18 A previoal
hrhmkldi(mmmlgm)mﬁmpndmbythcm
of the reagent with malonic disldehyde, am oct of

in a Beckman modd C colarimeter A m;th:nkmlcn;::ddnu.‘dh-
the color developroent procedure. The inteosity of the eolor and bence amoumt
auterddanon, i reported a3 tidobarbimric acd value (TBA valne) winch & the sb-

Drfferences In TBA valnes between groap means are considered eigrdficant only H the
indwcated

A high incsdence of vitarron E~deficlency symptoms occurred m chicks fed
each of the basal diets {cf. Table IT) Thus, the Torula yeast and soybean protein
diets produced a high inadence of cxudatve diathens. The addrtiom of acle
nium diaxide, ethaxyquin ar dl-g-tocopheryl acetate d the exud
The casan and soybean protan dicts produred winte musde striatons (Dast,
Prawox and Soxprnasaxp 1932) This latter syraptom was counteracted by
L-cystine, selenium diaxmde, ethotyqum and dl-a-tocophery] acetnte.

Aj reported previoinly (Boar 1959 Broxu and Axvxrsox 1960) the sntoxeda
ton 1n bram was higher than jn any other tomse studied and was also completely
unmaffected by any datary supplement. Consequently the resalts with braun are
ot mchuded and will not be conndered when comparmoe are made between
other tmuer,

The TBA vatoes obtamed from truas of chicky fed three different levels of
5¢0,, and ako the antoodant ethaxyquin, m the Tornla yeast dict are shown
m Tahle OIL 0 1 % ethoxyqum was fully a effectrve 83 0 01 %, dl-a~tocopheryl
acetste m preventmy autoxidatran in all tiwues and may have been even more
effective than vimm E in the kidney Se0 (0 14 046 and 1 4 ppm) however
exerted an antioxadant action only in the lver but the effect was not as great
a5 that of 0.01% dla tocopheryl acctate or 0.1%, ethoxyqum. The TBA values,
winch were sumilar for all three levels of 8¢O, represent & very pronounced
decresse in autondation compared wth the control, unsopplemented group

An unexpluned phenomenon was found m the gy, where S¢O  increased
the antondation over that of the control group. Tho was not observed in sac
ceeding expenmuents (below) with other dsets,

In Table IV are shown the resutts obtmned when Lcpstine, ethoxyqmn
and 50 were mcorpamated into the soybean protrin diet. In tha expen-
ment (and abo in the following ane) in additon to meubating the hoamogenate
alone an aliquot was abo mcubated with 0.1 xmole ascorbec zad per m!
homogenate. Ascorbate has bern shown to meresso the antoxidatin of fatty
acds in umues (OTrorzrory 1939) By mcubating the homogenates both with

A-triowdrylqumolios  (Bamequm™), Momants Chemial Co,

L2,
Locls, Ma, UAA
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Teble IV Thisherbitarc acid (TBA) talnes tx hamugraakes | Lisswes from clacks fod dis
Geowp | Additlon to besal Num- Mean valvar 3 sandard error

o, diet po. 2,43 ber ol
: Liver Kadoey
—c +c* —c +C
2343 None 16 104+ 14 HOL2s 3£ 8 nLIs
2344 03% LCOrstioe ’ 9%+ 29 H2L36 nstn nr+20
2545 Q1 % Ethoxyquin L] b ] v+ 6 17+ 2 1Bt 2
236 048 ppm SeO 10 L1 Mt 7 Ml sin

M7 001 % dbx Toor-
phen ! acctate 10 72 20+ 2 37+ 3 L EN Y

Absorbaocy at 530 mu > 1,000 £ wandard error

Trmues wero stoced up 10 74 dayy st —20° O before estimation of THA valuet

TBA tests were periormed on the day of escrdice. Drserminations with added sscorbic
~C = no addad amcartdc acid; +C w QI zrmole ascorbic acid sdded per ml bomagessie.
Q.46 ppro 5c0, =~ 033 ppo 8¢

and without sscorbic acld it » possible to g¢how that obscrved differences
between the vanous groupt are not due smply to differences m ascorbic acd
content of the tinuey (Bremy and Arpersox 1960)

The most striking results in this experument were those obtained nth tra
fram SeQyfed chicks. The antioxdant effect of SeO on the lver was coo-
nderably more pronounced with the soybean protein diet than with the

Torula yeast diet. In fact, the almost compl hitutian of % mthe
Lver by S0 was mmilar to that produced by ethoxyqum, and almost s
lete ay that produced by dl ypheryl acetate.

)
Tabls T TBA retus ix kemegrasics of tivens from chicks fod ts contsirmg 15 7% camin ood

Geoup  Additon to basl  Num- Meaan TBA values + stedard erroc

na daet no. 2,383 ber of"
cuchn Liver Kidwey
—C +C —C +C

238 oo 10 41xs 316 ELES ST N
238t 03 L-Crmme L] 76 LR 84 L ER]
2587 14 ppm 50, 10 s 6713 LI E i Ep]
259 00! d&aToo

phen] scctar s [LE Ll HIEE 0z

Absorbency &t X0 s 1,000 & sanderd cror

—C = na added ascoctec ackd, +C = 01 #emole mecorbc ackd added per mi homogroes®
14 ppem 50y = | ppm Se.
mm-umlmrd-pmﬂd:nn—m'ckﬁxcadmmdmnln
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consining 30 % spbom protece. Ferding perisd 21 ta 33 deys
Mo valnes & stenderd e

Breast mamche Heart Loy Spleen.

~a +a - +C —c +C -a
4“4+ 13+ 8 nte mEn2 3745 L7 Lt s
0+6 BEN L3 %7411 54+18 nx7 152 410
M6 57+10 1913 21 3 b 2] HLE L. E0 ]
416 @]l 5715 26+ 19 40+5 EtEL] nr+1s
n+6 B¥+L 7 143 Ht+ 2 1313 R 1L 2

ackl were Dot Ede.

A ngnificant decrease in TBA values a3 a result of feeding 5S¢0 waus also
noted 1 the lodney and heart both in the absence and presence of ascorbic acid.
In the third expentment, diet no, 2383 containing 15 %, of casein, 10, of
gelatme and 1 % of lard (Table I) was med. This diet produced white muscle
stration 1n 9 out of the 10 chucka (Table II) The TBA valocs of trsnes from
chicky fed this dict with cystine, 3¢0 or viamin E are shown in Tabl V
Both cystme and SeO produced a wgnifh hibition of hpid 3
in mncle, In addion, $¢0 reduced the TBA value for hesrt bt only m the
absence of sscorbie add,

10 %, gelatine, Fouling perred 34 1 35 ducrs

Maaa TBA valeas + sandard erroc

Beexst. moacls Heat Spleen Lawwgy

—a +C — +C —C —¢ +C
N+s 1018 €13 ML 0112 e 61x4
1911 [LF] 52+3 24110 BL11 sy 53
Bt WLs 433 412 129+ 10 02 674
711 71 121 %t 2 s nEl 441
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Discussion

Thuermﬂucnnﬁrmudatendthcpmvmmobsu—ndom(&nxl%?)m‘
the anbaxdant effect of dietary sclenite and Lcystine on cortain tmua. In
addition to the cffect on the liver found before, 1t is spparent that under
appropriate dictary conditions, as with the soybean protein diet, SO also
inubity autoxidation 10 other tiwues, specifically the heart and kudney Thh
action of SeOp, however n strongest in the liver but the resulss suggest that
perhaps the action n widespread in the hody The observation in the expermment
with Torula yeast that three different dietary levels of SeQ all inhibnted aut-
ondation 1n the lrver to the sme degree suggests that the tirue concentrabion
of biologically active selemum n not increased by higher supplements of the
element.

It thoukd be pointed out that the Torula yeast and soybean protein are
deficlent in blologeally active ael since they can be msed to produee
cxudatve diathesn. The casain, however contains sufficient sclepfum o
prevent exudates with the level of lard used In this experiment,

The total selemium content of the vanows proteins determined by neutron
activation analyss was for Torula yeast 0 038 ug, for casein 0382 ug, for
soybean protein 0 14 g and for gelatine 0 088 yg sdentum per gram substance
(Scrwanz 1960)

Further it should be emphasiaed that the Torula yeast contaims 2.4 %
dienorc and 0 14 4 trienoic fatty aczds (DAM ctal. 1957) the soybean protein
contains 065 / dienote and 007 / trienaic wherens casein b practically de-
vuid of polyenoe fatty acids.

In the case of Lecystine, 1ts antlomdant effect seemms resmcted to the musde.
The restriction of the effect to muscle 1 1n accord wath the nutrtronal role of L-
cystine in chicks in that the only vitamm E-deflciency symptom t will prevent
1 white muscle stnation.

The cffectivenes of the antoxdant ethoxyqun in mhibating autoxdaton in
all timuwes (except brain) agreey wath the obeervation that this compound st
least m some respects will replace vitamin E 1 the chick (MAaareoe ctal 1953
SorprnaasRD et al. 1960)

Althmx,ghwednnothwth:pmmemrchxnmwhcrd:ydkmsco
2nd Lecvatme exert their antromdant action in tusues, there is sufficient evdenee
to permut some hypotheses to be made. Since 1t 15 known (B 1959) that
sclerute and L-cystme added to tmsue hamogenates will not inhibet lipid mutox-
dation, it o app that these sub when fed either alter the nocmal
d}unlalcmp@hﬂldth:cdlmmrumnmmmmﬂﬂtdmw
which act as antoxidants. Since cystine and sclenrum are incorportted {02
cell protelns, the latter postalate scems more feastblc although the two probably
Tave different ntes of action. In the casc of sclenfum it may be that the s
stittron of sclenuum for sulfixr In the protems, particularly m the liver vl
.ncwpmtm:mthrmnrhhlemhmdmtpmpaﬂu
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Effect of Reserpine on the Storage of New-formed
Catecholamines in the Adrenal Medulls

By
Axz Berrrrm, Nns-Axx Hriramr and Evarp Rosrorme
Received (7 Jamusry [961

Abstract

Bexrixx, A, N-A. Hotanr and E, Rosowosen Efect of recmpin
- B sterepe of wowformed caichelemines 12 e advonel medls. Acta
phydol scand. 1961 12 44—48. — When L-dope (100 mg/kg
body wt ) was given Lv 1o reserpinized (5 mg/kg) rabint, appreciable
amounts of dopamune and noradrenaline rapidly formed in the adrenal
medulls. The results support the view that reserpine docs not — st
least Dot to & great extent — mterfere directly with the decarboxylating
and f-hydroxylating steps in the amine synthems. To  great exteny,
however the drug prevented the pewformed amines from being in-
corporated 1 the ftorage granules, an incorporstion which hr poc
mal animals o a very rapid and cfficiont proces. It scemw reasomable
0 amume that reserpln m some way blocks the proces of moncamine
storage. This may well be the main ste of action of the drug

Reserpane causes a general depletion of the monoamine stores 1 the body
Masnly o the bass of experuments with blood platelets It has been nuggested
that the prmary effect of this drug on 3-hydroxytryptamme (3-HT) n on the
storage mechamwn (¢f SRome o el 1957) It hws, however hitherto been
dufBcult to test this theory by expermments e oiw

A new method of studying the amine storage problem has recently beeome
:vnﬂnbkwhmitmdmnthnhrgclmounuufmndmmﬁnem)“d
dopamune (DA) are rapidly formed and stored 1n the adrenaline (A) celb of
the rabbet suprarenal medaolla after an intravenous igfechon of L3485
hydroxyphenylalamne (dopa) (BexTirm, Rosmroren and Roszvorexw 1960,
Bravizn, HiLane and Rosewarex 1960 a, b) In the present paper it s show?
that reserpme interferes with the storage of ammes formed 1n this way

4“4
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Material amd methods
An Lv injectlon of rescrpme (*Serpail” (bw, 5 mg/ky body wi.) was ghven to

were
and Rosowoary 1958, Caxiasox and Waroeex 1938)
In 4 anbrab the spuml cord was d at G5 (Nembutal marcoss) d

Results and discaseion

When dopa was admmutered to rabbnts 3 to 48 hours after an Lv injec
tson of reserpme, apprecuble amounts of NA and DA rapidly formed m the
adrenal medulla (Table I) The smount found, however are generally lower
than those found m normal anmal wjerted wth dops {ser Besrixs, Hoo
Lanr and Roexvgnez 1960 1) Tho could mesn that rescrpine m some way
1nterferes with the amine synthens. It has been shown, however that denerva
tion of the mbint adrenal medulla largely prevenis the amme depleton caosed
by reserpme (Krcooarao and Southuarmr 1957) It o thus probable that the
secretary nerves of the medulla are continoomly operating in & reserpingred
animal. Cooseqy Y k of mmines formed after a dopa m-
Jection may be lost by secretion. Tha o m good agreement with the findmg
that larger amounts of NA were present in the two ammab i which & transec
tion of the spmal cord at C6 was made 1mmediately before the dopa injection
(Tabl 1)

Thws the rerults support the view that roerpme doct bot — at least not
to & great extent — interfere directly with the decarboxylathng and f-hy-
droxylating steps m the amine synthem. Thus 5 pot unexpected since it has
been shown that 3-HT forms in reserpinized ammals in an apparently nocoeal
way (Smomx, Smvez aud Broom 1935) There o a pomibility however that
rescrpine may indirectly detarb the fomaton of NA and A. It has been

some extent snce it mhibits the uptake of DA fn the granules (see below)
The amines formed from mjected dopa m normal rabbts are taken up and
stored very rapudly by the storage granula. In reserpinred apmaly, on the
coatrary the new-formed DA and NA were mamly recovered  free” in the
cytoplzsmic sap (Table I) Thws to a large extent the drug prevents the
amines from belng incocporated in the stovage gramules. This inhilation of
the storage procen seem to be far from complete even 24 hoan after the
myection of reserpaic smee mort of the NA o particle-bound 2 hours after
the dops administration. The valocs actually found arc peobably miteadmng,
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Effect of Reserpine on the Storage of New-formed
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Abstract
Baxrren, A, ™ -A. Hritaxe and E. Rosvercy Effact of rexrpint
- Lhe catechalovines s the sdrenal wwdvile. Acia

storage, This may well be the mam mt of action of the drug

Reserpine causes & general depletion of the manoamune stores m the body
\hln]ymtbcbamo{apmmcnumlbb*oodphgdmuhubww
Untdrepnmuyeﬁcuonhudmgon&hydmxyuypm(s.)ﬂ')nmth
storage mechansm (of Swone etal 1957) It has however Hitherto been
difficalt to teat ths theory by expenments o rue

A new method of studymng the amine storage problem has recently becom®
avuhable when it was shown that large amoints of nomadrenaline (NA) 3o
dnpu.nﬁnc(DA)mnpudJyfomcdudlmrcdmlheldmmbnc(A)Od]"‘
the rablut suprarenal medulle after an wmtrxvenowny njection of L3

(dopa) (Bexrtiem, Rosenoxen and Rosmeorad 193,

Baxtiex, Hitaxe end Rosexoren 1960 s, b) In:hepfucuzpapernhubﬂ““

that reserpine interferes with the storage of smmes formed in ths Y3y

44
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dalle of resrpiciced (5 miky) rmbinis ofier admisiration of L-dope (100 wefty)
ooy nes )

Nomadrens kne Dopanioo

‘Total “Tren Toal Fres

Fi Per coat 1 Per ceot
87 (05-09) 100 17 (14-19) 41 (82-—4)
20 (12-18) 60 (31—63) 25 (14-25) 33 (49~57)
18 (13-24) Q (-1 12 (18-39) ™ (P-)
43 (310-53) 0 (21-30) 13 (08--1.6) 43 (21-00)
28 (1442) 2 (14-%0) 10 (07-13) 3 (-1
19 (15-11) m (21-15) 07 (06-08) 26 (23-27)
20 (03-37) H(63-100) 18 (0343) 6 (43—89)
48 (18-6.0) 67 (65-—69) 14 (12-17) 38 (s0—62)
53 (13-13) 13 (12-15) 25 (1a-32) 5 (3-7)
13 (11-17) 37 (13- 13 (02--24) &7 (30-52)
01 (00-039) 10 (0—10) Q13 (01--02) 30 (50-30)
13 23
17 13
33 2t
oe n

(1957) and Huomm, 8oxk and Bronx (1958) who showed that reserpme
prevents th uptake of 5-HT by blood platelets m sy Thus ¢ seoms reason-
able 10 asume that reserpme in same way block the procem of monosmine
sturage. This may well be the mawn sitc of acton of the drug Tho et that
rescrpine behaves like a I'berating agent, caumpg & depletion of th  stores,
docy not contradict each & view Tho two procones storage and refease, are
prawemably balanced in th normal cell, Thus if the storage procems 11 blocked
the result will be & depletion, the mate of which must be dependent 1 2. oo
the sccretory actinty of the cell In the brmn  the mopommine have a high
turnover (Uppoenvp and Wostnace 1958, Canrson 1960) and coose
quently & blocking of the stoeage proces will rapidly came their duappearagee,

The effect of reserpune on molated amme granules will be dicussed m an-
other paper
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The content and intracellular distribunion of amines in the medulla of
rabbits, to which only reserpine had been given were abio stedied (Table 1)
Very small amounts of NA and DA were present 25 hours afier the myechon,
and stored amines appeared during the following days much more slowly than
after an nsubn depletion (see Brxtian, Hrraxr and Romxanex 1960 a)
The slow recovery however may not entirely be a result of an inhitation of
the storage process since tha 1nhib ton scems to be rather weak 48 houn after
the admmbstration of rescrpine as judged by the experiments with dopa io-
Jection.

This work bas been upporied by grants from the Swedish Aedical Research Counc, the
Alr Force Office of Scientific Research and Devedopment Command, Usndted Sauaa Alr Farer,
and by grant (B-2834) froen che Undeed Statrs Public Heafth Servier,
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Untvepaty of Gitcborg Sweden

Phenylalanine and Tyrosine in the Adrenal Medulla

B
Goera Harr, Nos-Axr, Hirare and Grora Trome
Reerbeed 20 Jamary 1961

Abstract
Hatt, G N-A Hirtane and G. TEmxx. Phmylelac end (remw
-

Frriuax and Drevioe (1958) and Froouaw (1958) have reported the pres-
ence of large amounts of free phenrylatanme m the adrenal medulla. Thy finding
— 1if correct — would suggert that the catecholamme synthess In the gland
starts from phenylatanine and pot fram tyrosme a3 gencrally believed.

By use of more sutable chromatographic methods than those applied by
Friisax ¢nshown In this paper that the af both pbenylal
and tyroot m bt wdreral medolia doos Dot TavTally cooeed that m the
hlood plarma,

sdrenal medulles of cow were thorooghly
perchloric scid (PCA final concentration 0 4 N) Aﬁutmuﬁapthd:mw
ooutralized tﬂ'm-bunpua_.;.dd:

was performed with 0.1 N HQ kg to the d
a0d Coaren (195%)

Lo exchengs chremaiegreply Two different procedures were med.

n{lh-:vcnm

4 613015 Acta physel send. Tol. 52
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{Dowex 50\ —XB8, 200400 mah, 30 X 0.6 cm, H ) with a small portion of
acetic acdd, The ammo scxds were cluted (4.6 ml fractions) with | M acetic scid
sodnim acetate buffer of pH 4 0. dr \: — d tned
cording to the method of Moosr and Steow (1954) — were eluted in three
Pheoylalamne and tyrosine (sdded to the extract) appeared in the Lot
peak nhen 100 to 110 mI of the buffer had pawed through the columa.

L

it
Py

plied to a Jonger column (100 x 0.6 cm) The clution was
HQ wdl che hol d Jtcaviolet absorpton
were completely dluted and then with 2 A HO Pracucally the whole

d. thve P were 12 vanow fractom of
Meta-tyrosive, tyrokine and pbenylalapine (100 to 500 ug of cach added
tract) appeared fo fardy tharp pesls and free from substances interfering
cheomatographics

7
E
£13%

i

ioe
it

when about 20, 50 and 130 ml of the sccond cluant
through the column. When added to the axtract, phenyberine was duted
acad . iharp peak before 3 which
with dreraline — & before the —A
of sythetc muture of amino aelds b shown i Fig. |
In two cxperiments an extract from 5 g of medulla was clromatographed accondy
to method 1 oo larger colimn (40 x 1.3 am) All the fractions with ninhydrin pos-
mmhtmtud‘themhdpmkm;mkdmdmmnmdmdmhw-:‘
+40‘-flcrludiﬁmmwnhHamrcddmmWymacdlhh”‘h
ethanal contsinmy | % HCL After evaporation of most of the cthanol with M T
matesal was dmeolved in N HQ? and re .::otd.wwmbﬂdk
after acdition of 500 ug of adrcnalne, med a3 & puade for the dereloproent of

chromatogram.
When HQI was weed a3 cluant, elrquons of the fractipas were crapomted o dryoe®
hydrande were made.

(-1
g
I3
>

l

Al

mm(\\'bmlhummhﬂtrwnmcdndm!lhcﬁ‘cdmlmﬁﬂ‘ of
with an appropriate amount of HCL The renduo was takmn up in  small o
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acld cthanol or 0.1 N HCI and applicd to Whatman no. 1 paper (washed with HCl
l:\dl)dim:dxyb:dnmbcmw) Tbemucrhlwnmb}o:tcdmncuﬂ.hu
chmmphyhmrymn—hmnd glacial acctic acd — water 4 113
nod Wopropancl — aqeom ammoma (25 4 NH,) -— water 80 2118 The spots
mmww,qﬁm.mvmawhnhmiu—hm
of phenotic compounds — with diszotired p-oitroaniline according to STuneaTz
mduu-m:(lwn Pure amine :d:(?—lOp;)mmcdnrtfa—mcc:. )
Determizatsan gf {)rusom.
lﬁ)lhcdlnuihzﬁmsdnll-n}umo-z-olphmlmdhgmUm-
oo and Cooron (1952)

Rxcessry speriments, Only small lomes, or none at all, were found on lon
chromatography of purs amino scids as shown by drert determinstions with nin-
hydrln.!nbmupcrmmn‘tymm(lm,g)lndphmyhhnh:(lm-mnjwm
sddcdmlluf;h:dthue‘bkhwn mcdwuhmlmcxl:ngc
m
t

and paper try were performed a3 d bove. The recovery was
lexst 70

Results snd Discussion

Frriuax and Drvioe (1958) found very large amounts of free phenylalanine
in the beef adrenal medulla (900 to 1 000 ug/g wet wt) The chemrcal deter
rmunation used however Is unipecific and the present authors have found the
identification of the amino acd by direct paper ciromatography of an un-
fractionated tmwue extract to be wnrelable. Two catlon exchange procedures
were therefore devised m order to remove interfermg substances. In one of
them (method IT} the catecholarmunes and ementially the whole mmount of
ninbydrm pomtive compounds and other interfering  components could be
removed befare tyromne and phenylalanine — added to the extract — were
cinird in two well scparated and fairly sharp peaks (see Fig 1) In spite of the
fact that phenylalanine added to the gland theue befare the extraction took
place was casily detected and recovered m good yicld, no phenylalanine was
found in the adrepal medulla. Smee the methods weed admtted of detection
of 20 to0 40 g m an extract from 1 g of medulla, the concentration of thiy
amino acxd m the gland must be very low In fact, t i probably a3 low &
it 1n other thenes and blood playma (see STEw and Moone 19534 Tarraw
Moorz and Stow 1934)

Tyrosine — but no m-tyroume, phenyl: or 3 4dihydroxyp ylal,
(<20 zg/g) — was detected in small amounts. Its concentration m the giand
was estimated to be m the order of 10 t0 20 ygfg £ about the mme a3 that
m other tisues and blood plarma.

Thus the cells in the sdrenal medulla do not accumulate free phenylalanine
or tyromne to any ppreclable extent. This pay mean that the ammo aad
wed a3 rtarting material for the catecholanune production is drawn directly
from the blood when it 13 needed. It has been shown (Rosoomin Lxerrx and
Unxarumom 1958) that the cell can take up tyroalne from the blood and
utilze ¢ in th amine syntbens, There o thus at present no reason to belleve
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that this synthels starts from phenylalamine. The fact that dices of adrena!
medulls are able to convert phenylalanine to tyronne does not contradict
thn view soce this converson was found to be due 10 a non-enrymate and
presumably pon-specific reaction (Feriyay and Dzviax 1958)

This work bat been rupporsed by grants from the Swedidh Medical Rewcurch Counctl, the
Alr Force Office of Schentific Rescarch and Development Command, United States Alr Forer,
and by a grant (B-18M) from the United Seatos Public Health Service.
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The Functional State of Vasomotor
Nerves to Skeletal Muscle Vessels in Reserpinized Cats

By
Swee Rosers and Axores Rotix
Redeved 20 Jrnoary 1961

Abstract

Romrrr, S and A. Rowx. The funciene! riait ¢f Howmeler merivs do
andnmbhnw,&{dmu Acta pirymol scand. 1961 52

v parva
The cardaovascnlar changes evoked by reverpme arc discumed.

According to numerows {nvestigatony, there are speafic vasodilater fbers m
the sympathetic nerves to the skeletal muscle vomels of the aat. In view of the
postganglionle perve termumaly, Buisarco and Berx (1935 1936) and Rowex
3LUETH and Carorox {1933) claim that both sdrenergic and cholmergic vaso-
dilator nerves exost in the cat, while Forxow and Uvads (1930) argue that the
skeletal muscde vemch have only cholinergie vmsodilator nerver. On the
other hand, P Carorox Ravir and Scaarrxm (195) still question the exustence
of vasodilator nerves. They adbere to the view that vasodilatation 13 due to
inhilton of vasocoastrictor nerve activity

Rexerpine has been Sound 1o deplete variom organs of dopammne, adrensime,
noradrenahne and S-hydroxytryptamme (Canrmox o ol 1938, Brarin,
Canrmox and Rowrwarex 1956, Horraavzz and Voo 1956, Snome, Sovex

33+
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o 3
4= P 1 Cat3s kg Chlomboe
B ROW g on rnoche blood flow of stinmulaton of te
chals after resepwe
o- for 3 dayr).
™= 1 low, 233 3 o
- 05 mg/kg
STIML xmu\ 5
TWY 60 $EC Note vasodilamtion atroplue,

and Broom 1955) Bumrixm o ol (1956) and Misciowr and oot (1938)
ha ¢ demonstrated that following reserpne treatment the adrenergre peurones
lose ther transmutter substance Thus action of reserpine has been wsed i oar
study deugned to renvestigate whether speafic vasodilator nerves enst and if
30 what type of postganghomc fibers they posess. Our experiments abwo yieided
mfonnaton oo certam cardsovascular actions of reserpine, which will be
discuned 1n the following

Metbods

Restrpwee Trostoent
meoncronxd-npﬂormzhec:purmmu,rwphn(&gpcde Pharmacia) wet
admiustered subcutancouly in daily doses of from 0.025 1o 0.5 me/ky In the anime’

which recerved oaly & sngle ifection, 23 my/ky way gven 5. ¢ 2024 bonrs befary
the experbment.

Pn-pnn-
Cats weighing betwermn 2.0 and 4.3 kg were snerthetized with urcthane 2 (04—
! gfAx b. w) In ammak weed for studying vasomotor mﬂaﬂ.chhrnhtlwmlw

ter operating an ordimate recorder (Lomaxex 1958) To maintain wsth
W&MEWWM&MAmmMW&

balated the paw from the A crom-dr
muiAPmﬂmyhﬂ:edmmm‘]wwm.dmmﬂ‘k
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Effect on posce blood fow of o

wimadation of the sympathetic

(o.nsd\u for 4 daya).
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Results

The results are based on data from 3! apaments. In 34 of these the rym-
pathetic chain was stonulated. Vasomotor refiexes were prodoced m 14 aany,
and in 3 the sympathetsc vasodator pathway in the bypothalamus vas activated.

1 Sympathetsc Chern Strwxlation

In cats, sumulation of the dixtal portion of the cut sympathetc cham at the
level of Ly — L, unally cames contriction of the tkeletal muscle blood mels
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Nm.:vnz::dnxunmpmlyhlochdbquim ufter bilateral adrenalectomy no changrs b

of the hind Umb In reserpone-treated cats, however the same stimulabon
produced vasodilatation when the reserpine dose was adequate Fig 1 illos
trates an experiment in which the animal received daily doses of reserpunt
0.05 mg/kg for 5 days. S, hetie chain ! camed pr ced
vasodilatatron which was blocked by atropine — a finding which sugxests the
cxstence of cholinergic vasodilator nerves. The fact that sympathetic chain
stimulation caused & blood flow ncrease docs not prechude the persibibty
that the trammusion mechanum at the adrenergic vasocomtrictor nerve
endingy was sull functioning, since the effect of vasoconstrictor nerve stimuls-
ton may be concealed by the increascd blood fiow That thrs was not the e
however is evident from the fact that stimulation following atropune did not
reduce the blood flow An ple of jon wth repeated stnuls-
tion aflter atropine, 1 dustrated in Fg 2 In this expenment the vasodilator
:ﬂ'cctprcdmﬂnnajcvmtbmxghthccﬂ'ccto[nmomnmcurmmmuhﬂw
remained the dose of reserpine (0 05 mg/kg/day for 4 days) apparently kavieg
been myufficrent to abolmh t completely Following high does of resap®
(Z—4 myg) the effects of 1ctor nerve I were always &

2 Hypothalows: Stumulaisen
Tb.crympuh:dcﬂsodnhtm-xymhumhymtmbtnmmmecach!ﬂ
cortex and the peripheral outfiow Synapees are thought to exist in the bype
thalamus and 1o the meencephalon (Etiamox, Lomarey and Uvae 1954,
Loxoarx 1935) In order to aseertain whether the hypothalarmc-spial part of
the vasodilator system o functionally intact or blocked at some pant 1 '
crpme-treated anumals, the dilator patt was Jated in the sntcrior
hypothalammy of rescrpmured eans (5 mg/kg) Stmulanon anll evoked Y30
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Chlors- My
PLOCO PREMUNE r___
lome-Urethana. ] m& —
Eect o bood proware O ©
Bow of
carotid

! '
h, 1 Hl'w'».,[

cnt (3 mgfha) um.[m!‘m' ”fmf'"‘lﬂ” I'] [

1 Sticsalarion, 3V 10 Comorwetod, L“LMNWLMWH Ll

ﬁsdn.lhth:,!\ 15

fmpface. THE €0 85T [ I i : 1

Nots po change b memcle

blood flow;

blood

i

«ﬂhunmwhxhvublodndbymop{nqd:mlndlcwng-ctmdmufcbolmu
e vasodilator nerves (Fig 3) Although {followmg sl
increased the blood flow the latency was now looger mdicﬂdngdntlhumnﬂ
factor was involved. After bilateral adresalectomy stunulaven elicited no
change in blood flow It seerms, therefore, that even when the animal had
rctdvtdlhrgedmed’rucqnnc(ﬁm&fkg)a(mbollmlmmaghlhrcbcm
redeaied from the adrenab by ypothat Thal wth
th ﬁ-mﬂngo{MmamunmiVooT(lQbﬁ)thnmh:xbdmuofrm'pmedo
pot eatirely deplete the cat s adrenal medulla of its catecho! aminer.

3, Beflex Actratim

After having demoostrated that the vasodilator pathway was intact in
racrpinged cats fram the hypothalamus to the peripheral termination bat that
the adrenergic vasoconstrictor effects were blocked we Initated & senes of
expermmental Attempts to merease mincle blood flow reflexly In the event of
soch mcresse, vasodilatation would be attributable to acteration of speafic
chalinergic vasodilator nerves rather than to inhibation of vasocomatrictor tane

Reflex activation was produced by afferent sthmulation of one of the carotid
sinus nerves of one of the vage. In order to prevent a blood-pressare fall from
influencing the blood flow 1n the peripheral area, & cron-arculztion technique
v utilred, In the experfment shown In Fig 4 the skinned right bmd hmb
was croa drealated, The recipeent animal m this case had recerved reserpine
{5 mg/kg) the day before the experrment. The fact that sumulation of the carotid
#inms nerve did not alter the blood flow means that the sympatbetic vasodilator
nerves were not activated. On the other hand, there was 2 blood-presure fall
Ia the reciphent cat, indscating efther bradycardia or & redoction of penpberal
raitance m vascular aress other than skeletal muscle, — Studies on 1kin and
intestinal blood flow inducate that in those areas as well, bo merease of blood
fiow can be induced by afferent stopulation of the vagus or carotd snus
nerve after rospne traatment (Rosste snd Rosts, unpubshed observa
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results from a reflexty Induced bradyeardin.

Dizcussion

Sympatt chain stimul in reserpine-treated cats produces an in
creased blood flow in skeletal muscle vessels (Fig 1) in marked contrmt to
the vasocoustrictor resporse unally scen in untreated caty, The disappearance
of the ictor rerponse s pi bly duc to loms of the trunsmitter
substance from the adrenergic neurones following reserpine treatment (Boxrrz
o al. 1956 Muscrorr and Voor 1958) If thus loss 15 of sufficlent magnitude
adrenergic nerve 1mpulses wall be incapable of producing respomses in the
effector organ Thus, if cholinergic vasodilator nerves exst, their effects should
predominate when the sympathetic chaln i stimulated Even relatvely ool
doses of reserpme (003 mgikg/day for 4 days) are suficlent to cawe pe
dominance of the effects of the vasodilator nerves (Fig 2) When the cholinergpe
vasodilator nerve resporuc has been blocked by atropine, rencwed sympatbetit
stumulation provides miormation about the functional fate of the adrenerg®
comimictor nerves (Fig 1 and 2)

It scerms evident that rescrpine affects the adrenergic vasomotor newroed
penpherally Invertigations by others authors, wsing different methods, Joad
to dmilar conclunons. BERTLR «f el (1956) showed that stimulation of B¢
sympathetic ganglia by carhacholine farled to increaso the blood presure o
atroplnized cats treated with reserplne. Thrs may indicate that the tramt
musion mechanitm at the adrenergic nerve endlugs was no longer intact, do¢
possibly to the depletion, by reserpine, of the transmutter substanee in HF
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sdrenergic nerves. Mmaiors and Voot (1938) have thown, morcover that
pmpbq-:lnd:mu’g\cnmmnﬂhactbcﬂumd:mxlmcnﬂ:rlnjcﬂmd’

Fig 1 shows that sympathene chaln stimulanon indoces vasodilatation 1o

b treated with reerpine and that the vasodllataton 1 blocked by atropine.
Tbc;efuu-uung\yindbtetbcmtmmof:pcdﬁ:dnﬁnugmvnodhmr
perves to the skeletal muwcle vemcls, Tha o d y to the p
that m the cat mast of the sympatbetc vasodulator fibers to the skeletal muscles
are adrenerpe (BOLsaneo and Boxx 1933, 1936, RosoxaLvern and Caxwoy
1933) bt supports the view of FoLxow and Uvis {1950) that the sympathetse
vasodilator nerves are cholinergic.

P Cawwox ef ol (1934) have questioned the exmtence of speafic vasodilator
perves and have argued that the vasodilator cffects durmyg stumulanon of the
sympathetic syrtem stem from inhibatton of vasocosstrictos perve activity
Tha cxplanation appears to be myvalidated by our experunent. The crom-
perfonan expermments in which afferent stimulation of the carotld sdows nerve
or vagi was pplicd, show that when the daee of rescrpine n sufficdent there =
10 yayocoostrictor perve activity winch can be nhdbited. It 13 wtill pomible,
however to induce vasodilatation of wkeletal muscle vemels by sympathetic
cham strmmulation or by appropriate latian i the hypothal.

Thus these expermments support the view of Lomorex and Uvwds (1935)
that skeletal muscle vasodilataton may be clicited o sympathetic nervet m
two different ways mamely by inhibinon of the adrenergic vasocomtrictor
nerve activity and by actt of cholk dil perves, They abo
lend werght to the theory that sympathene vasodilator nerves are not involved
tn depresor reflexes eliated from the carotid dnus regroa of from the aortic
asch (Fig 4)

It o interesting to note 1n cats treated wath hngh doses of reserpene (5 mg/kg)
that the vasodilatar pathway i intact from the hypothalamma to the penipheral
outflow despate the fact that the central nervous system Is proumably depleted
of dopamt drenafine, adrenaline and 5-bydroxytryy It has been
suggosted that some of these Inogrnows smbstances mught fanction as chemical
mediatoes within the central nervous system (Bromez and Sroxe 1956) Wikin
thcpa{phuﬂmmmruapmghlochdxumnhonnthc-d:mgk
nerve endmgs by relcanng the bt By analogy onc might
wwmume that the tranmiwon would alo be blocked at the tynapses In the
mnmmﬁmmﬂtdﬂxmhnmrduﬂbympmc
mght act «s a chermeal mediator It i doubtful therefore, whether any of the
alore joned gubsta fi a1 a ch 1 q wathin the
sympathetic yasodilator system.

The fact that afferent strmulation of the vagun or of a carotd pous nerve
pmducunorvﬂcxvuodlhuuonmruﬂ'pmbcduumuldbcaphmcdb'
Scrmemen's (1935) hypothens that reserpine blocks afferent stimuli, preventmg
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them from reachmng sympathetic centers, or by Bene's (1953 and 1955) mgge-
tron that reserpine activates central inhintory tympathetic structures, Both
authors found that after administration of reserpine the blood-pressure response
to activation of the carotid octlusnion reflex was diministhed Hoxwtrz, hosoe
and Wano (1959) recently reported that pressor responses from medullary
and hypothalamic vasomotor areas were reduced m reserpine treated can
They pastulate a general depremve effect of reserpine on the central vas-
motor mechamsm, Axaxo DuA and Marrorea (1957) and Haramox and
Gotr (1956) bold, in general a umilar view concerning the action of
roserpine. The resolue of these expenments might well be explaned by partal
or tatal mactivation of peripheral adrenergic efferent neurones Smes the
carotid occlumon refiex not only affechs the vasomotor tone of penpben!
vench but also changes the heart mte, 1t n difficult to analyse the underlymg
mechanom of recrpines arculatory effects by studying changa in blood
pranae. To judge from our roulty, reserpine doey not interfere vith ram-
mission in the synapnes which relay impulses to the efferent part of the refiex
src studied, since stimulstion of the carotid mnus nerve nvariably mdoced
pronounced bradycardis. That reserpine reduces the blood-pressure response
dunng the carotid occlunon refiex, may be explained by the fact that the refles
mcrease 1 vasocomtrictor tone and in heart rate Is dimmished or precluded
because the efferent adrenergic neurones are no longer mtact

‘Thy bnvestigation haa been suppocted by grants from Swoduh National Avociton sguok
Hesrt and Chest Disesses and from Karolloals Inetimtet,
Reacrpine (Serpedin®) bas heen gencrousty ruppbed by AB Pharmacts, Uppeals, Bwcdeo.
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Occurrence and Distribution of Catecholamines
in the Fish Brain
By
U S vox Even
Reetfved 24 Jamoary 1901

Ahstract
Evtax, U 8. v & -d h o h o the fick
brern. Acta phywol scand. 1961 52 62—6+. — Relatvely high

quantibes could bo demonstrated in the brain of & cyclostome, Afrow
fhwtimess. Both adrenallne and poradremaline ocrurred fn the braims
of Squalet 2nd of Gadxs slthough poradrenaline was peedominant, A
chi tbution of the haol 1in the braln of §emeles
wws observed. The highest aroumt of normdremaline was found 1n the
diencephalon, hypothalamus, and hypophyns, whils ths cerebeflum
cmtamed oaly very small quanttien
Noradrenalme and small amounts of adrenaline have been demonstrated
indwbninolummmh(d‘!ivml%&) Voot showed In 1954 that ceram
regaons of the brawn like the hypothal d Iarger of amines
than others. It 1 still uncertatn whether all of the naradrenaline in the brain
13 present in postsynaptic neurons, ¢ g nmmotorﬁbru,crwhcdrcrplﬁd‘
1t oceurs in chromaffin cells or 1n other stores. As to the adrenaline it may be
postulated that 1t 13 present in chromaffin cells, mnce there 15 no cv dener 5
ity occurrence in axons.
The present study was made m order to find out whether catecholamines
abo occurred mn fith beam and, If thus were the case, to obtain data on their
distributron.

vartar
accurate estimations of the smmar. After the brauns were ground In &
mlowmtwmmmmmmmmmmﬂ

62
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Ty L ddrenalums exd worodrraelon tx fick bradns (wtal}

n Adr Noradr.  Per eent
18ig "z adr
Afrrew glatinem (Cychostome) 13 <002 <om -~
Squats acowilies (Elomobrsnch) .3 an 037 n
Gadw collerier (Telcont) 5 08 027 10

Teble [T Adronalin oad nerndropaline tx the braix of Sqneles scanihias (dog fisk) (6 onmnals)

Part of brakn Toal wcight Adr Noradr Adr
[3 1544 HelE %

Telencephalo 32 [N 040 n
Ol Jobea 33 020 (L]} »
Décacepialon. (3] 031 053 »
Hypothaleann o8& a3 o k]
Phuiary gtaod o o4t 15 n
Cerebeftun. 39 ool 0056 16
Medalla obloagata 38 (X} Qs L]

Total brain (6 sk} 171 a4 a3 »

Total braln (7 malmal) 44 aon2 o 16

solvent prowed out. The reacton was sdjorted to
wu&%lhhcﬂmhmwmmm@m

ctated with 0.25 N acetic ackd xod estbmated fuorimerrically sceording to Exvoe asd
Lamapxo (1939)

The, braien of 6 rpecimens of Spuafar were divided In 7 portons (teleperphalon, optc
lobex, demerphalon, bymodh bypopkysh, cercbeliom and medulla. o6 )
und extracted for catecholamines a5 described above.

Results
The reaalts are grven in Table T and 1T showng the amounts of adrenahne
nndmrnd:mﬁnchtbcw'hdzhnmddx!hrcctypaufﬁuhtmdxd.md
lb«:rd-mﬂ:ummmunompnmdd:bzmo{ﬂndogﬂxh.
AlminT-bleIﬂ;camou.utufutcd:ohmmuv:rymulnlhe\bm
hlin‘hﬂchmybcmmdtrtdumhﬂ'vdyhlgthp:b:lndGaﬂhbc‘hx
n(d:cnm:o:dcrolmgmmdeuh:mxmmﬂhnbtm
The relatve amomnts of drenaline and ed alyo thow ch
sstic differences in the different kinds of fish, adrenabme bang relamvely higher
@ Serefar than In the teleost studed.
Table IT grevs the abnolute and relatrve amounts of adsenallne and por
-drcnuhxmthedlﬁamtpmulthebnjnasfndn As secnt 11 the table
ﬂkuk:hulmﬂnelmmmulmhighulhllhedimcq)hllon,mlﬂpﬂmﬂ.
lndmtbchrpophymwhﬂedwympuv_bmﬂylowmubnmbcﬂm
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Occurrence and Distribation of Catecholamines
in the Fish Brain
By
U S. vox Evrex
Recebred 24 Jaouary 1961

encephalon,

cantsned only very smll quantites
Noradrenaline and tmall of adrenaline bave been d
}nthebnmofmmmh(q’EULnIQ.'»ﬁ) Vmwmlgﬁm(mum
regions of the braun like the hypothal of ammts
than others. It is still uncertain whether all of the noradrenaling in the bao
15 present 1 postsynaptic neurons, ¢ g vmmotmﬁbru.uwbcthuplﬂﬁ‘
2t ocrurs i chromaflin ceihy or n other sto7e3, As to the adrenaline it may be
postulated that 1t 13 present 1n chromaffin cells, snce there 1 no evidencr o

its octurrence 1n axors.
The prosent study was made in order 0 find out whether catecholaminc

abo occurred 1n fish brain and, if thy were the case, to obtain date on thes
dutribution

1ed

Methods

Brats were preparcd from a eyclostome ( Myrms glatise, hagfuh) an classobreoct

(Squalys acmatbner dogfish) and & teleowt (Gedar callarier md)hwuyhmrdwdﬂ"“
The beaioe of Afyrise and Gada were pooled fn sufficiendy Large quantiticy 0 aB¥

accorste estimanona of the amines. After weighing, the the brains were ground b & mons

vnhlnpum(wdﬂm-nd,mdﬁhccd-nulﬂhouambn.mrc‘“‘
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Studies on the Transfer of Phosphate from Mother
to Foetus in the Rabbic

By
Aw Rirra Foom and Frerz Foaa
Recedred 26 Jenwary 1961

Abstract
Fran, AR and F Fram, Shaier e the trasfir of phorphate from
ke o fortus it W rebbiL Acts physiol scand. 1961 52 65—T4 —
The trantfer of from mother 10 foctos wat stodicd m mbbin
with

aicactive P A1 In guinea pigs the organic phosphate cane
crnmaton b higher in the focral than in the matermal plagma, sod the

and placentsl uptake rates fn experiments of varymy durabon wern
relatrvely comtant.

lnwm:ofﬂxnb&ugmdmr—.mﬁchnyprdangdbyd-ﬂyh-
Jocvans of The foetal P

In previous work om the placental transder of phosphate m the gumea pig
(Fucan and Foom 1937 a, b, ¢, Fucas 1957) we foand that Inorganse phosphate
1 tmansferred from the puternal o the foetal plarma acrom the placental
hamcrngmucmcmmﬂmgndimgmdthauh:plmulmmemh

ble amounty of bhosphate, formung a pool from which the
foetms 1 spplicd. The rates of phospborus uptake In the fortus and m the

placenta from the maternal plasma phosphate were measured with the aid of
Procn addrem D o G

x

Cop K, Denmark.

S—613015 Acta phymal. scend Vol 32. 62



66 AXMA-AOTTA FOCHS AMD FRITZ FUCHS

radiactive phosphorus, and it was found that these two rates had o be
combaned to cover the rate of foetal deposition of phasphorus, as determuped
chermaally by ashing foctmses of different gestation ages. It was further found
that there s some return of phosphate from the foetus to the mother and that
the safety factor 1e the rato between the rate of foctal phosphorus uptake
from maternal plasma phosphate and the rate of foctal phosphorus deposition,
became very low len then 1.5 at the end of gestation.

It was deaded to carry out a seres of expermments 1n the rabbit with the
same technique in order to find out whetber the placental tramsfer of phosphate
follows the same pattern 1 thiy ammal. In additon, 1t was found of interext
nndythephmphncmﬁc:mnmﬁdxuypmbnguigmbanmnevbcﬁu
P d after teym. The results of the study of pro-
}ongcd 3 lnvcbcm d elsewhere (Fuoas and Focm 1960)
lndwi]]onlybelrl:ﬂymum:dha\:.

Methods

Virginal Daoush Whrte Land Rabbits of alform breed sod of approvimately the
same age and woght were mated onder supervaion, From previom stodies (Foam od
qulgfaﬁ’)dx-vmgclm'\hu[mboumhmnwhenumdﬂldnyl

The rabbits to be vudled after term were given 5 mg progesterose fn aill imn-
mhﬂy&cmlgmﬂmqedﬂchwpl\nﬁmllhun!lnddxﬂynnﬁhhcopm-
than ooe t0 6 days hater The main group of rabbits were not given progesterone. They
were operated upon between the 18th day of gestation and term.

“The tramfer of phompbxte to the foctises wus studied wrth the sld of radioactre
phospharus (F* ) which was injerted in th form of inorganic phasphato with high
wmmmmmdmmmm.mwdw«
geoerally 30 min, bd 1 od and the foctmes and the
phcmhzmdmibglhcmhplmmmmcuemnhnmlmdﬂwdh

the pmbilical

Muﬂpmmwwmmm‘mﬁ

.

bed Indrridualt

was determmed m the maternal plazma in each
“hcntn.ﬂ.nﬂ:'l‘h dctcnnhaﬁmdplmpbcqﬂnm.tmlfuﬂﬂlnd

and
(med Froam 1957 o, From 18571 o
mmdwmwmhmdwm
Sculated as oty described from the smomt of Sound

ﬁmmdphmmnmemddnuapmcmdumwﬁcmi
matenal plasoos phorphate during the penod.

Results

Tbcmmuudthsuoodnmpla&omdﬂmtupumar;tpgbc‘:dt
in the ;ame diagram by expresnng the results as relative achivinet,
amuﬁnglh:ncmtyd‘uncmlu(phmahm:dindylﬁﬁhjmm
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actaty b ealculated from the injected amount of radioactinty and the plasma
volume, which according to Couxrice (1943) i 50 ml per kg body weight,
\When the diappearanes curve from rabblts in the last half of pregnancy
obtamed frem the present expenments, 11 compared with values from pon-
mntnbﬁn,ablhud&umﬂxvmandmn(lw the rate of
ppunmbe&numdnpn:gmmmlnuh.
of

hosphate fn the 1 plarna vaned
h:twecnanndJSngfmlh:ncnnalpngmnaa.Thcdmppclnnmn:e
was found to be mversely related to the pon of 1.

unmverdtbcphmphmphnr_Norchbmcouldbefmndbﬂw:mec
phosp nad g term, but in
the increases signdi y after the
!andlymfoeulphnmuncmmﬂmmddummcdmnmm,hmh
on dey 29 to 80 and 95 pg P/ml rexpectively
If pregmancy b prolonged, the foctal mortality mereases for every day past
term (Craro 1955 Fromn and Froms 1958) In the present material 2 foctuses
ouat of 10 were found desd in a Ltter removed 33 days after mating At 34
days + 2 bours a whole hitter of 6 were ahve, whereas [itters removed at 34

days + 18 hours and at 35 days, with 3 5, and 9 foetuses, yere all found dead
in the vieToe.

The avrrage total phophorus content of the foctuses and the average foetal
weight with dvancing gertation n shown m Fig 2. From day 27 there are
greas varianoos, both within a fitter and between the Littery, and the uze of the
hu:rhnnnn:kcdlnﬂuaw:uymmbgmwmh(mdphmpbnmxmtmt
of the foctuser. In to grow at

Wmmdy&mnmuummdnbcyahnmthdrwm
phasphorus content.

P the foctuses i
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. & -nml.mhzuhnpﬂh‘
of grsiagon sod k pro-
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If the mean foetal phosphorus concentration a conndered (Fig 3) it o
a steady 1ncrease untl feym, but afier term the foctus docs ot gt enough
phosphorms to mcrease the concentratson fartber 'I'hhﬁndlnghd!mﬁﬂ“;
txumitmfcmdzhntthefmﬂlphapbmmmmtbubmmz
withio & litter regardlens of v sxe, and depends only upoa the gHX

e
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The welght of the blood filled placentas was about 4 g at day 18 and in-
crmtduntild.-yZS nfter which it remamed fairly constant around 7 g The
horm remaim almost constant dunng the whole
ncmmlnlrufguunonmdthe ﬁrltdanlﬁerlm\\"hmthefoeimad:,
there 15 & sudden phorus In the p and con-
rqucnﬂylhcmnccntnt-mguuup(ﬁg 3)
From the radiophosphate data the daily transfer of phosphate from mother
to foetus can be calculated (Fig 4) The lower part of cach column shows the
uptake per foetin which lucreases from 0.2 mg(24 h on day 18 to 30 mg/24 hat
term. After term there & no further Incresse, the daily uptake sems to be
fairly conztant untll the foctmes dic. From day 27 the litter size has & marked
nflucnce upon the foctal phosphate uptake. The T ely ughest nptake
pcrfucn.unmlllyﬁ)\.mrlindrmﬂntliﬁﬂx.

The rate of pl | upaake of phospt d by the upper past of
Lhemlmnmh;]?lg 4 n conuderable already 18 days after mating namely
3.2 mg/2M h a3 compared with the foctal uptake of 0.2 mg/24 h. The increase
with advancmg getation o lew, however and occurs oaly mtil day 25 afier
which ¢ remams fairly constant with an average of 7 4 mg(24 h. In the three
cases with dead Irtters around day 35 foctal death appeared to have occurred a
copalderable period of time before m one cxse, and the partly scparated placentas
were not cxamined. In the two other cases the placentas appeared to be intact
and the rat  of uptake was a1 lngh as about 13 mgf24 h.

1ad
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~ TO FOETUS
~=~ TOPLACENTA

TOFOETUS AND PLACENTA
nadin
» 5
T Ky
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Fog. 3, Foctal and qrake of phosph 2% Leotated from
s rm&m4nmml§-n on day 29 n.kahuu
rm.hdhmhenmhut phospborus reten pnhmlnﬂtyd[umh.
ro the of thort drration the iadividusl foctal and placenta] vatues ero plotd,
Emnbone 30—120 min duration caly the sveragex.

The curves on Fig 4 indicate the & wrage dally phosphorus retentson per
foetus, as caleulated From the dats shown on Fig 2. The hroken hmes show the
varuon s of the itter averages and the solid Line the calculsted menn
phosphoras In the pl. no dep of phosphorus takey place
after day 23 except in case of intanterme foctal death,
It fs scen that the daily foetal uptake of phosphate ay mexsured with radio-
phorph:tcmexpcnmcnnd'%mdmumudcﬁm!dybdowmcdﬂh
octal phorphorus don a5 d by ch | analyns, Thos docrepancy
doubtedly due to the of a pl 1 phosphorm pool with widch
m:pbmphwbcmmddmngmpnmge&nmlhcmlumlbbodmﬂl
foetuy, Jt 13 apparent that x better agreement with the foctal rate of retenbon
obtaned when the foetal and placental rates of uptake are combined.
/f-"mhcrcxpumcnUWmtba—cfonantdoutmduddﬂcthccﬁmdlbe
duration of the expermment on the calculated fortal and placental uptake of
radrophosphate. Six rmbluts were wnpected with radiowctive phosphate at the
same stage of gestation, 29 dayy afier maung but the foctuses and placentss
were removed after different peniads of time, varying from 4 to 120 sun. The
mulu.mdudmgthtwunncxpamtmdtyﬁfmmlbeﬁmmm
shown on Fig 5 From the exp of shart d the indindual foctal
mmmmuumwmmmawmmdumuﬂyh
averager, The calculated foctal rate of uptake 1 low in expermrenty of short
dmuon,butmcrmsawmchthcntcd’daﬂypbosphormrumnonh
mmud?bmdmmmphmmnwdml;mtbcm
hand, o with ton of the exp The sam of tbe
foual:ndplwmulupukcnmuuﬁmndwbcmﬂymmummnpctmtﬂf
the duration of the cxpermment, and of the same order of magnitnde as the
dﬁ}yphm'pboﬂnrctmm
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Th:npd]ydmnﬂngrpudﬁ:mwdthemmmlplmphaphau
dwing the first mimates after f
mununumuiaxblcmofmmm(hcu!mhmoﬁhﬁmgc’pcdﬂc
mwdmgth:cq)cmLTkmhpmbablythtcxphmDouoﬁh:ﬁﬂm
of the combned foetal and placental uptake rates to reach the daily phasphorus
retention In the very short experimenty in Fig 5 In some cases the failure may
be attributed to a particularly large Iitter tze in such cases the rate of uptake
per {foectus 1+ placents) might be expected to be below that m & case of average
Irtter size, The two rabbats m Fig 5 delivered afier 30 min had 7 and 9 foetuses,
repectively a1 compared with 3—6 foctuses in the other [itters in this senes.

Discussion

The placental transfer of inorganic phosphate in the rabbxt follows the same
pattern o previowly shown in the guines plg In both species the foetal rate of
uptake of phosphate &3 measured with radwphasphate in experments of 30 min
duration 13 too Jow to account for the pbosphonn retention actmally
place, In the gumea pig the additon of the placental uptake rate brought the
1otal nptake of the prodoct of conception cormderably above the rate of phes.
phonn retention, the aufety factor bamg about 8 m the middie of gestatson and
l.JnLhnuﬂ_Inthenbbﬂthenlmhttdfoeulnrtd'upuhinaeuaw{!h

duna of the exy and becornes equal to the phosphorus
mﬁmnmh2hmnupaimmmmmhncdbculmdphmﬂlup-
take rates are independent of the duration of the exp (at least up to

Qhum)ﬂmjmuﬁuthnmcotthcmmhm:dupnhnu:rorthcnkuhdon
of the tranfc of
Thaerunlumgcthcr\dﬂ:!hcﬁa(hnzhephccnucmnnuumuhup
p}mﬂnm&nmth:mmm]phmnndhﬂnumphmpbom:mn
tion after cemation of the foctal 4 indicate the p b
WuthhelectnuofﬂmnthTh:ﬂmeutbeﬂxmdmgmuMh
which we & d & hugh pl of inorgamc p b:
(from 0.23 to 0.55 mg/g wet weght) Togu.bcrwhhaumchbil:ntxm.h:
phosphates 1t obuined a specific activty between that of the maternal and
that of the foctal plasma phosphate. The active meck requred for the
up-lull transpart of worganse phosphate from the lower maternal to the higher
foetal concentration of phosphate m the plasma must therefore be located to
thechodunxcdh,pmh‘b}ynthdrbounduy:mmdthcinmﬂhnrpwc.
Bormwrrl ot &l. {1958) have found that abo the piacental uptake of 1ron 1n
the rablat 13 an actrve procem mdependent of the foetus,

Our findings indicate that in the rabbet there B o mafety margin for the
tramdfer of phosphate m the sccond half of gestation. Dunng the last { ur
days before term the combxned uptake rate even failed 1o reach the average
Phosphorm retention In most cases.
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TO PLACENTA
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Fiy & Daily rramdfer of phosphate to fortm and placenta wreight of the placeat
r:mm;ud"::;:kn,- edared froes rachopaeplibes oo n{c;nhdn:&:
Ir derabl of radropbosphate renmn to the mother dmrmy the

expenment, the caloalated tranfer rates would be too low but the roudy
shown m Fig 5 where tbe combned uptake oo the same m shart and loeg
expermmenty, speak agamst thrs pouibility Probably the explanavon of the
low rutes of uptake observed at the end of gestauon is partly that the four
cases 1n question had large Eeters, namely 10, 9 8, and 6 foctinas, respectreedy
and partly that certam errory are mherent 1n the determinaton of the average
speafic actrry of the } playma phospl dunng the expert !
penod. The preaprtoss fall i the speaific actrvaty withm the first mmutes afer
the myectron obviowly gres e to a conuderable inaccuracy m the aakeu-
anton of the average m expermmenn of very short durguon. Expenments of 30
mm duranon should offer opportumties for calenlatron of a more refable
average, and a prion there 11 Do reason to expect the error to vary with the
}uﬂdmmBywuﬂdalwhumdwcl‘mgtwﬁcml
vamtion of thn kmd may bowever be cxpected, nnce all calculatroms wert
bascdcmtbenmcmdnddmppnnncemmuacd&mndluﬂf

performed st diffe stagey of Now with theincreasiog

foctal uptake of phospharus towards term the rate of disappeasance of radio-
phosphate from the maternal plauns rs probably greater at the end of gestation
than that indicated by the standard curve, It i therefore Gkely that, by enng
the standard curve, the transfer mtes have been somewhat anderestumated
thns part of grstauan. We feed that this together with the ocourrence of e
[itters, may well account for the fact that (foctal - placental) uptake ratcs
below the retention rares were observed mn the cxperiments covermg 13

1 in the
Organsc pbosphorm pounds or other pai may
supply of phespborus to the bnngnnnngthemmd'lbelzf!
aplenation of the low uptake rates towards term, t may be condnded
hospbate 13 ferred foom the ) plasma i sufscent

HrOrgame P
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amounty to sccount for the foetal phosphorus deposition in most cases. At the
end of gestaton the foctuses may not always get enough and  consequently
develop at le than the optimal rate. Thu sappontion s supported by the
obterved varmations m foetal size winch are much greater than the vanatons
m the gnmea plg

If the rates of phosphate tramber to the foctuses and placentas are caleulated
per umt weight placenta, the results shown in Fig 6 are obtained. Per gram
placenta the foctal uptake increases from 0.05 mg/24 h at day 18 to about 2.5
mg[24 h at term. Dunmg the penod the placental bamer becomes thinner and
1 surface mncresser. The volumes of maternal and foctal blood in the placents.
undoubtedly increase, as was demonstrated 10 the gulnea plg (Fucrs 1933)
and probably also the blood flow All these morphalogical and phywological
factors facilitate the merease of the transier That the demands on the placenta.
are greater in the rabbdt than in the gumea pug 1 iltostrated by the fact that the
rato foetal waght to placental weght increases by a factor of 20 1n the last
13 days of the rabbit gestatron and oaly by a factor of 5 in the corespondmg
period of the much longer gestation of the gmnex pig, the last 26 dxys.

The rabb t and the gumea pig both have lermochonal placentas with three
layers of thenc scparating the foctal blood from the maternal blood sream,
namely chorion, connectrve tmwne 1n the villl, and foetal endothelium. The
hmmnphcenubdu@mmbenmm-phobgalmp,mdmﬂmu.ﬂ.
ty of the lnman bang i the fact that the
hh&gbu{n\h:fwﬂplmmlnthem\mnlphm.hwﬂdmﬁkdy
that the placental wamsfer of pbosphate follows the same pattern m the human
a3 demomstrated m the mbbit and the guinea pg

This i cotigation was mpporsed by gant from  Esboumd § Ocdesse Jobann og Hanne
Velmum, f. Seedorfls Legas™
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From the Dept. of Physiology Kongl. V:tainlrhbgﬁblln.smhdmﬁ\ apd The Grostal
Werner Institte for Nodesr Charbtry Uppals, Hereden

Tnfluence of Local Temperature Changes
in the Preoptic Area xnd Rostral Hypothalamus en the
Regulation of Food and Water Intake
} 5
Brwor Arxpressoy aed Bowge Lamsox
Rarehed 27 Fommry 1961

Abstract
Axveyscnr, B and . Lanwow Iyfawe of ol mperatere cheeper o
the prompllc cran and reriral kypothaloms on the rrgulation of foed and u et
antabe. Acta pirydol scxnd, 1961 4, 7589, — Local cooling of the
oduced

fope when the recal tep Lof
(Arriway sod Daovens 1958) local cootmyg of the preoptrc aroa
and the rostrad the goat 0 tat hxy st body tem-

it of food ntake xud joatdy the

fncther extension of the thenry to Ivalve abo the regulapon of water
Several snvertganons have indicated that food Intake u regulated through

the pierncton of & satlety centre” in the ventromedial 13 and an

hypothalam
“appentr crotre” n the lateral hypothalanyus (Broneox 1955) VWater mtake
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-'muq’ Avad of e mu-ﬁ-hu&()ﬁ/_*;(l)k

The m-whng:nm tbap
A The necdle owed of brxln clow 4o (b surfaee &
the thermode.
» Denel root scrows used for foration of dertal coment to the wkull boae.

wcen to be regulated from parts of the hypothalamus partly overlsppang the
saticty centre” and located medmlly and somewhat rostral to the appetie
centre’ (Awpramon and McCamyv 1985) Cellular dehydration has been coo-
udered the man factor sumilating the hypothalamic  drinking centre” (Votr
1950 Ampxnwmoxn 1952) The changes in the internal envirenment of smportance
foc the regulation of food intake may however be multiple. A theory of a ghreo-
static mechanism regulaung food intake has been wntroduced (Mavix 1332)
but adjurtmerts of feeding may alo be made In relation to the amount of stored
fat1n the body (hvepy 1953) Brorxax (1948 1960) bas stremed the intimate
correlation between body temperature and food intake and has prosented 3
thermastatic” theory He suggests that in mhibiting food mtake beat &0
aither upon heat senmtive neurons of the rostral hypothalamus and the preopte
area or directly upon neurons of the  appetite centre

The expermments reported here provide evndence w1 favour of Brasscx's
suggeston that a mic of the body temperature may inhibat food intake by the
influence of heat senxtive netans in the preoptic arca and rostral hypothale-
. They abso indicate that the hypothalamle matiety cetre™ may be mbbited
by the mfuence of cold senutive elementy 1 the same area and further 253t
thammcmzlmncmnmind:hpnnofmcbnmmﬂumcmtarmmkziﬂﬂ"
reverse manner that they influenced food intake.

A further study of the effect on food and water mtake and on temperaic=™
m;uhuonoﬂmamofv:nmmm'bcpprﬁcuuwﬂ]bepfﬂﬂﬂfdh'
o blication (A Lanmon and Rexco 1961)

g P
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Methods

The exprements were mmde in two goxts. One snfmal had s wh et thermods mplasted
medwenlly m the preopic ares and rowral hypothalamxs snd the other gont had Fad
11 preoptic “heat lom contre” destroyed by protor sradiadon. The poncrpler for the
ome of the high-energy proton beam peromcrpeal tool

- was described easlior {Lass-
wot o of 19368, Loz & of 1960) 1o the present antmal perttianent platkmum mdiom
pesviondy implanted o the "beat kee censse b been omed ay pomts

of amn ko the rradhation. This technique will e desyibed csewhers (Tasmow and
Astawry 1961)

Tochue pue fur cmplesiatron of  sicer tharvsde e the brwen ssem. The terhmepee
Jndar o that deseribed for % .

used
9o the

hypodufamus of bomed gowss (Axoeamow, Prawo and STade 1960 5 With the

eumad geoeraly ssesdetszed, & bokder with rods for guidance of the thermode

20 the nevdle spplicator had ber placed ko the poutions shown Ia Fig. | and 2, they
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A, B
,.f O8aa
s
4y s
A—g
[
Pl ! Fig % Demowgs of bhe 5ihor Oervsds wcod for cooting ad
| = T wermias ¢/ At prisiforw
o At Lateral
{ s D Frootl vicw
2 P Polethykne tubleg ured &1 lsclation of the k-
wd:hdﬂnmuh.
1 5 The mde walle of the thermode cominting of €1
bt T o mem thick dllver plates

were perruanently  ttached to the bone of the skull with dental cement Alling the hols
la the boae. The dental cement was further secured ta the bone by the belp of dental
root screws. The bolder vaed for temporary fixation and guidsnce of the thermode war
then removed, lesving only the two cannulss of the thermode and the base of the needle
applicator sticking up on tho dorm rurface of the skull. The skin iociion was mtmred
round the protruding Layer of dental cement. Polyethylene tubing connected to the Ao~
nulsy of the thermode and the leads from the needle appllcator were fixed (o one bom
of the anlmal and the whole equipaent was protected from external damage I the man-
per previoudy described (Anpaxmon of & 1960 a) The kind of thermode weed b shown
in Fig 3.

Techriqw of omiral conltg When used for cooling the thermode was perfned vis 8
1.5 ro ooy rubber tubing connerting a prosure flask, contalning fced water with the
polyethylene tubl g attached (o the inwards keading bolated canmuls of the thermode
"The end of the rubber tubing was hereby fixed oa ooc hor in pplestor ( Ihab
type KG1) was placed In the end of the rubber tubany allowing mesrurements of the
temperature of the perfusion water at the function of the rubber tubing gnd the polyethy-
Jene tublng oa the born. Slice the antmal wit kept in fts tsual énviroament (collared It
2 metsbolium cage) during ail experiments, It was necewary to bave a lead of this lergth
10 allaw it full freedom (o move as it was uacd to, The fong rubber tubing hower e
kad the diesdvaniage that the of the perfimion water ctering the poly
ethylene tubeng was a1 high as 19 to 20° C when the perfusion was performed in the
ural environmenial tamperature of the goat (22° C) Perfosioms madc | the above
described 90 i0°C

o

leved sgain.
mmlmurpu#mnmrdbmmlﬂpcdumedinlhommjmdﬂd::

However by using shorter tublng coanectlng the presure flask with the thermode

by bariog the goat placed in colder covironment it was pomitde In other

to obuain & more fnterse ccnuﬂwolhuwilhpﬁndpnﬂyﬂzumcmhrdqw‘b
Tockel gut ¢f cowiral warmmeng All cxpenments fnvolving coatral rarming were P

hrmcdhmennml(cmpammdn‘C.Tnohtﬂa-rmamﬂy
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perhuaion water ﬂwdn‘:h;mmmwm&cdrmnw
:adlb;bcﬁmdmthcrubhumﬂngdmebthebnddﬂxpLHmﬁpﬂh(ﬁ (o}
u-u:dhpaf\ﬁm-ndtb:pa-hﬁmprmwnhptdwhmmﬂg Due
mh:xbamﬂmmﬁ)dmhh&mmmmdhmnm:j\mcﬂwunh
homn wes only of the arder of 35 (. 1dmtical perfumon technique was used i all ex

and was fornd to cauee mmd-m:rc.emmm
of the thermoda. The Lutency time from start of perfosion with warm water undl the
mm-:mmammwmmmmmm te.

Blood temperatire win recorded 0 # similar peamner wning en Ellab” applicator
{type T 5) imecricd turough the fogalar vein into the spesior vena cava a1 & distance of
3 to 10 cn from the boart

Ear wurface wmp a1 an index of peripberal atation and

thom, wes messuced by the help of gn “Elab™ murisce applicasr (type E 3) attached 10
the dooml surface of ane esr ocar fta

Rectsl tenparature wes mesarred octasonally during the expenments g mercury
thermoemeter

At times when the thermode v not perfosed, 50 o very amall diffesences were ob
werved between blood and beatn Recmal howerer wis foand

behind rda
thvely eapid changes in blaod and bradn teperature.

Brcordmgs of rmeinal metilily The ankmab were supplied with cdosed umloal femla
aod wn recorded w2 y d (A
Xrroeoret, and Prasso 1

L

Racomings of rsspiratory rats made 2 proviowly descrited (Asmemmox Prasax
and Srros 1960 b) = =

Cary ¢f e enimals. The goats were constantly kept collared in metabofion coge and
kad for more than  month after the operations become ted to the cxperimentsl conds
tioow. They wern piaced tn - room where the tensperatnre was kept at 22 C and were

fed regularly at § o clack & m. They then obtabod 250 g groats with 4 ¢ N (1 added
wod 2 kg by The gronta was wally conmimed during 15 to *0 mintrres whereas the bay
ation batesd tft In the shemoan, Bome ke palatabls redduas of (he fay ration were
vmmlly left on the bottom of the foddering-rack tll next feeding tima and were then

ﬁ:ndd:,rnﬁxjmmﬁxbodhuhwhnnmmcmimk consamp-

With the cmeption of cestain perlods of parposely fndnced water deprivabon, the
souts had always free accem w0 water Th:vltrumﬁ.mm“phttd t the side of
the foddering rack fn front of the goats. Duly water tntake and winary output wese

Resulty
va&w&wwﬁpnd:wofmduﬁu
nd moming

Since the tbcnnodc"go-tuuﬂlnﬁvenndhwcdhﬁnﬂ:uﬂpcnmmu.
0 hivtalogreal localisaton of th ute of the thermode has a8 yet been made.
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=V P

! ! Fig. L. Drowings of fe sior thermeds wd fov amiing owd
g f e e ee amd o rechl e

B Frooul vicw
P Poletinylens tubing tmed as Sowalasion of the b
nn:hk-rfzﬂclmuh.
8 The s3de walle of the thamede coosetzy of 02
mm thick slver plates.

b= 25

attached to the booo of the tknll with dental ¢ement fling the bola

of the amimal sod the whole equipment was protected from external damage fn the e
ner previously described (Axnaamox «t al. 1960 a) The kind of thermode used s shown
InFig. 3

Toch tw of contral cowling When oaed for cooling the thermode was perfrecd vis 2
1.5 m loag rubber tubmg connecting & pressure faik, containing koed water with the

tublng
yThe end of the rubber tubing was bereby fixed on one hom, An sppbeator ( Elub
/type KCA) was placed in the ond of the rubber tubing allewmg measurements of the
tanperutare of the perfomon watcr at the nmctoo of the rubber tnbing and the pofrety
fene tublng on the hom. Smee the arfmal was kept fn s wa] envirooment (collared 2
2 metabolitm cage) durmg all experiments, it was necesary to hae o load of tho leoglh
to allow ft full freedom 10 move % it was used to. The long rubber tubing, bowerer
td the dbadyantrgo that the femp of the swater entenog the poif-
ethybene tubmg was a3 high at 19 to 20° G when the perfimon wa performed [n the

The latency tme from beginning of perfimon with cold water o maximal lowering o

the bruin temperatore at th srface of the thermode was of the order of 50 scos 10 %

nﬂnun:“’bcnthepuﬁﬂm-nnﬂdmlynappcd.hmokmcwmemd:hlm

for the temperature close 1o the turface of the thermode 1o reach blood tempersts
spin.

Tecksigue of cncral warsang ALl experiments
ﬁrmd:mdmmlwdn'c.Toobnh-mmun
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wpm of Towarts
0en? centra] cockng tnduced eating in apite of - bload teaperatore well abov 41 C.

The non-fod aximal rih froe access b weler Arriodax and Drrocare (1938)

found m the notmal goat that feedmg practically stops when rectal temperatore
excerds 40° C. It therefore seemed to be of mierest to find out whether or not

the present animal would eat hay at still Ingher body temperatures when i

When later grven hay the
ammal started to eat with a good appetite. Durmg the first interrupuon of
central coolmg the goat continued to eaf, but with dimunkhed intensity The
blood temperature was then 40.2 C. During th second interruption of central
cooling when hlood temperature had reached 40 6° C, the goat stopped eating
but started agan durmyg the followmg perod of central cooling As is shown m
6613013 Acte physiol scaxnd. Vel. 52.
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Fig 4 imemse aaung of hay could 11ill be mduced by conlmyg the preopuc are
and rostral hypothal 2t blood temy, abave 412 C.

Eavng generally started 30 sec o } 1/2 mun after commencement of cooling
and eontmned for one to two morotes after camaton of coolmg  Eating war
then seen to stop smultaneously to the ensct of penpheral vasoditatanon (Fig.
1)

The reater deprivated goat xuk free access 9 food. On two occasions the goat
was 1ot gnen any water for three days but was fed 1ts wraal mton, On botk
occasions 1t stopped caung on the third day of water depavation and was then
very eager to drnk munnte arounts of water offered. Two or three minutes afier
begmmng of central cooling however 1t no Jonger showed any interest m
offered water but imstead started 1o ext acceasible hay Orne nunute after the
cooling was stopped the goat tuned 11y sttentron from the hay and sarted
to driak large amounts of water from the water container which had been
filled daring the penod of central cooling

©) Other (ffacts of coeling the proupetsc erem oud vertrel kypethalemss

Dhuring the 24 houry following expermments tn whach the preoptic area and
rostral hypothalazmmus had been cooled for Jonger perrods the goat was fomnd
10 have passed large amounts of diluted unne and to have dnmk sbomt three
trmes the normal amount of water Thn pbenomenon will be the subpect of
further studies.

Effects ¢f narmmyg the preeptc ares end restrel hypothalowns
2) Thomertglaisry ofscts

As was expected from the results of earlier mvertigavans (AMacory A &
1938 and othery) wanmmg the preopnc area and rostral had
the roverst themmaregulstory effect to that of coobng The perfumon of the
thermode w th warm water amgtmco((bempa:meuhcﬂcm‘]
surface (048 1v 49 €, resulsed m polypaca and perpheral vasodilatatron (Fig. 5)
and 1hin led to 2 fadl of the body temperature.

b) Alewwtoy ofirts
Thcupammumuh:chku!wmmgdlhepfmpncm:ndthemﬂﬂ’
mpu'&ﬂmtd,ﬂ&ﬂ:dl!tqub!fcﬂimghmcv—hmﬂtrﬂﬂm
Jmobmnedmh:ynmnwdhndnancdmurmzh-‘wd-ppemf-(’“
‘most occanons the anmal had free accen to nater having the filled water o0
taner placed tn the wrual manner Tbnnmwm:mme-ﬁummﬂ’“
ment af central warmung the goat stopped eatng The brain temperatare o
10 the surface of the thermode was then of the order of $3 10 46 C W thn 3
somte afier the anmmal had stogped caung 1t showed obvioas agea of tenX
mlimnwuuawenﬂﬂ::nmdmhdnhedmpormw’:
out of the outlet tubing of the thermode, but 6o keoger thowed sy wterest



FOOD AND WATER INTAKE 83

1 1" o s b3
5. Rexalts of warmieg e o0 st el m e

hangry aiemal.
temperatre wa w0 the surface of the The poat wis fed hay at
the of the expertment and ACcewm ta water except duoring the Bot of
warmang. Darmg the o stopped multanconly 1o the coset,
of peripbers] Jﬂn{wmpu-m).:nihﬂ:dmhlhmwmﬂmk-—
bad begun o fall duront wirring. The perfuslon of the ther
‘ode with werm water strong urge to drisk. Durlng the St period of central warmbseg,
the 1t was evidenced by the antmal' Deklng
ddﬁdrw:dn!umh(ﬂuﬁ.hﬂomkt ddtv.h:rn:d:qs‘tﬂ.r:")nﬂh:ﬂmby
the rrpeaterd dreking of oz af water during the periods of cmtra! ‘warming

water a minute after central warming was d

durng warmmg of the preoptic ares and rostral hypothalamos the goat turned
1o the water contamer and started to drink, It

start of drunkmg The biliration of heat lom mechanisms and the
drmﬂngollugenmunuofrdlﬂvdymldntcrgndmﬂybwaﬁdth:mdy
61613013 Acte phynel rend Vel. 52
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war
In a series of goats, having permanent clectrodas implanted 1 the preopte
“heat loss centre” the tips of the electrodes were used as ponts of am for proton
irradmtion of thy centre  (LARson and Aspermon 1961) The cffect of the
subsequent lesions on food and water intake and on tem;
was stodied and wall be described elsewhere (Ampxxsson o of. 1961) Three
animaly belonging to thn senes developed permanent adipsia, In two the adipsa
was accompanied by hypophagia or aphagia. The thurd goat, hawever e
tauned 1ts urge to eat to an almost normal extent. This goat had one electrods
placed slightly dorsal and pasterior to the irraduted part of the brun stem
(Fig 6C) Electncal snmulation via thry electrode caused stuvering and by
continuing the shmulation the body tamperature of the animal could be i
auﬂmthn?&ﬁ:mmplaemmndnndmbcﬂwk-m“
was evidenced by the fact that the animal no langer reacted vath peripbera!
vasodilatation and polypnca during hyperthermia. Stoppmg stimulanon »bes
the anzml s body temperature had reached 41.5 C was thus not followed BY
any 1ncrease in the ear surface temperature or any wncreased ne
Mgﬂmlpmdmtammmumnwumwlhcohmrnum!hl“bcsz;
retamed 113 urge to eat hay with a secrungly good appetite cven at the
of tem
bl by g () e

Experrments 1 & gost in mhack the presptsc  beat lost contre”
Permancntly inactoated
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egulation against “ -
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Even in another respect the regulation of food mtake was 1n the irradixted
anmal different from that of a normal goat. To test the completrnen of i
adipsia the goxt was on three ocoaslons not given water via the ruminal fistula
for three or four dayy. Unlik & normal goat it continued to cat ity daily mtion
of food even on the fourth day of water deprivanon. The degree of dehydratron
wat then very severe (Plarma Na 174 meqfl Plasma Q1 134 megfl)

Discussion
The present serex of experiments was started becamse it had been observed

tion hypophagia or even aphagis (AwDrnstox o of. 1961) These obwervations
led to the ewumption that the central projectsons from the hypothalamic fred-
ing” and drinking centres” pass via the preoptic area to the rhinencrphabon
mddntlhu:mmcd:cmmmcndllfwth:dcvdwuf:m«cbm urpr
to cat and to drink., The firat experiment in which almentary effects 4 entral

il
block of the central projectons from the hypothalamuc  drinking ¢ ! n

the thuty goat. For this reason the animal had been deprivated 4 wat r fr
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three days and veas 10 longer canng the food affered. Cooling was found to
inhiblttbelmmﬂ:\n‘gcmdnnkbminlddmmnlhomduwdanngﬂm
finding indicated a close interaction between thermosenmtive elements in the
Wcmlndfmhypmhlhmmlndthehypo(hnhmx‘fecdlngm
a3 suggested by Broseex (1960) The anmmal, being “bancally bungry  might
however have started to eat because 1t was relensed from the uncomfortable
scotxtion of strong thirst. Smnilar experiments were therefore made when the
goat had been kept with free access to water The expenments were ali ex
tended to studies of alimentary cffects due to local warming of the pregptic
aren and the rostral bypothalamu, Tt was found that central cooling Induced
eatlng in the fed goat, also, and that the anumal could be mduced to eat hay
with a seemmgly good appetite m mute of & body temperature much gher
than that at which & noemal gost stops eating (Aprrracaw and Dyxiovonx 1356}
Local warmmng of the preoptic area and the rostral hypothalamus had the reverse
effect, It mhibnted catmg m the previovaly hungry animal and ipduced it to
dnnk large quantrtics of water altbough not having shown any sigm of thirst
the moment before local warmng started.

The short latencies of the alimentary effects of central cooling and warming
and the reversbility of these effects makes {t unlikely that they thould be due
to chemical changes of the internal environment witch have & direct stumulatory
or whibrtory effect on the hypothalamic  feeding” and drmlng centres”
It seerma mote probable that the changed actvty m these  centres’ may have
been due to & neural influence. The close time relation between the start of
eatmg and the omset of penpheral vasoconsinenon and between stop of eating
and the omset of peripheral vasodilatxtion n in evidence of an Intumate fonc
tonal correlation between s thermoregulatory mech and the hypothalamic
feeding centre Thit i entirely 1n lme with Baorecx s thermostatic” theoty
as llustrated by the followmg quotaton from his recent review “Food and
Lemperatore™ (1960)

] “The pomibility that the neccwary brake (saticty) n applied by the heat,
\taelf, was proposed first by Boors and Sraama (19361 after ohservations had
been made on normal and obase human mubjects. They recorded the elevanon
uf;lint:mpcmmcwhmhfnﬂmamnlmdmmnmuimwn:hmnhhdcﬂ
non with the omset of sancty Io thar vicw the body appreciates the sensmtion
of warntth m the skin, and thn leads in turs to & fecling of comfort and sabs-
ton Itnwnppmnmtmdyﬂntﬂwlmwlumuumpmwh“‘
central  that the SDA (speafic dynamic action) acts durectly upoa cells kx of
Just ahead of the hypothal to evoke dilatation, and that
thnn d by central snhibdtion of appetite and mduction of muety
smkhmundd.(lm)hadmmwatloulmrmlngohbcprmpd‘
.mamlhcmhﬂluﬁmdnmbwlmmzdnnm"d‘ﬁm:(w
h—,mln:bcmmnud‘:rcdtubethedmnfn‘hmluncmm which i ex-

ermia. More recent

dumvely concerned with the regulation aguinst hypesth
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The latter findings indwcate that this part of the bran n not only the mte of 2
heat Jom mechanizm, but is also involved in the deferse  gaumst hypothermm,

Smce cooling of the preoptic area and the rostral hypothalanmrs induced
amginﬂ:e&immaﬂwmcmmhmybeumncdthndxrdmlk
non ofa pre and supraoptic cold defense the

bypoth.
appente centre” enther directly or by inhibitng the ventromedual *mtrety
certre” The latter may be the most probable explanation nnce coaling at the
same thoe inhiblted the ammal's urge to drink and the centre” o
soatomically closely redated to the mtiety centre” (STevoox Werr and
Oavrorr 1950 Axnxawox and McCax 1955)

Cellnter defrydration has been conudered to be the man factor dicltmg the
sensatron of thurst (Worr 1930, 1938) Bat the strong urge to dnnk, induced
m the thermode” animal by warming the preopuc area and the rostral hypo-
thalamms B pot likely to have involved any change in the armalarity of the
wnternal enviroament. The urge to drink d d soon afier di
tron of central warming and rapidly returned when eentral waroung was started
agam (Fig 5) It may therefore be eaner to explain the drinking effect a3 due
m-mmulnory-a.maxnudﬁund\cprmpuc heat lom centre™ on a hypo-

hal, d with the ] of vater ntake. To judge
mechanitm concerned

from the present findingy, the activation of a central
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with the regulation agamst hypothermia, would have the reverse effert on the
hypothalamic “drinking centre In summary the results reposted here may
thu be tentatively expluned in the manner shown 1n Fig 8.

One man objeetion 10 thy explanation bs that the cooling and the warming
o(d:cpmpucuumddwmuﬂhypaﬂuhmmmyhxw:ﬁeacddmcdy
the arcas of the hypothalamus concerned with the regulation of food and water
mtake, A spread of the focal warming and cooling to the lateral “appetite centre”
scems umlikely however In addition, the goat which bad had the preoptie
“heat low centre  destroyed by proton irradiation, did eat a1 body tempera
tures well above 41 C. Thua seens 1o exclude the powsdbility that local wartung
bas any direet inhibitory effect on the actvity of the hypothalamic  appethe
centre” Presently however 1t can not be ruled out that the perfinion of the
thermode with warm and cald water may have changed the temperature In the
“aaticty” and dnnking centres’ espeually since the latter was fourd to &
tend into the rostral hypothalamus (Axprxmox and McCarar 1955) Provided
the local warming acted e & non-speific stimulus ta the neurens and the local
coalmg directly inhibated all newronal sctivity within the affected area of the
brain, the observed alimentary effects could be explained ss being duc 10 &
spread of heat and cold to the satlety” and  drinking centres” Such an &
planauon seemns unlikely since the perfunon of the thermode with warm water
was only scen to mduce th gulatory and alh y effects. Had the
Iocal warming acted a3 & non-speaific stimulus to all neurons within the heated
area, 1t probably would have cawsed & much more complex and diffuse resc
ton n the animal,

Theo work was wepported by the Swedish Medical Rescarch Couneld aod the Offor of Scieniifi
Research of the Alr Research and Development Coanmand, Untted States Ale Forct, trough

i3 Bazopean Officr, mder Contract No. AF 61 (03218
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for the Determination
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L. E. Ermaox
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Abstruct

Exceca, Lo EL 4 crthiass of the cercats enalysls pracedure for the detrrama
L of wreow arud reqmrcrenit Acta plynol. acand. 1961 52 9098, —
[be carcass analysy procedure u exammed 83 & method for the deter

)

ination of  drrple roaction seq o
ihstrate the fate of an ammo ackd in the body enxyme Linetics are p-
plied to & the mrposbility of the req of

pications arming from (a) the known fndividusl yanations In tbe con-
eentrations of enxymes m the body (b) the utilaation by th oganim
of certuin esentlal amino acuds for purposes other than protein synthes,
(c) the partial ability of the orgenixm to syntbesize some essentlaf agrino
acids, (d) the dufferent rates of breskdown and excretion of the amino
acde and { ) the fact that the body conxsts not of one but of & karxe
mumber of different protcre with yarymg metabolic stability arc bricfly

carcam amalym pwocedure am give requroment values that o

The criticiam n prescated with the hope that (t will
stimol b } and expertmmtal stacies in order to define
the Emitatuom amd possibiltues of the method.

In dscustions concerning the amino acd requirements of higher ammals
the opinion b aften expresed that these reg are reflected by the
mmmdmpmumofthcmmﬂmdarnﬂy(ﬂmhfm‘ndxw
sax 1943 My of ol 1945 Bocoso a el 1952, Wrrziaws o &f 1934 Smar

90
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rexax 1958, Axxannx 1935 1959 Kot (959} It i stated, that if the re
qnimmmtdultminonddhkmwn,ﬂmhody‘lnmdfordlt}wmhulmlw
acah can be caleulated from it smmo ackd compontion. In other words, the
raivs of tha pareneats of tho differeat exential amino xeds thould be identical
velth the rets 3f the comoratratoons of these aruno acds in the snimal body This
method of determinmg the amino acd requirements from body composition
data i3 geoenally referred to ax the carcan analyss procedure.

Veriom anzmsl spesas have s remarkably sumilar smino scld compoution
{¢/ Bracw, Muxts wnd Rownoon 1943 Bocoso o ol 1932, Wit o of.
1954 Mrromes 1939) Thrs would make the caracas analyws procedure moce
weful a5 the amino acd composition of ane kind of anmnal 2. g the rat, voukd
be wed for caleulstng the amumao weld requirements of another kied of anmmal,
¢ g tbe bunman, Tt js alio possulased, thet xoce mancle protein represeots near
1y three quarters of the towml protan of bigher anmub it thould be smfficent
to know the amno and compostuon of tha thwre in order o estimste the
Qesiruble vatios of dictary ammn sexds. This approxdmation seem to be sup-
potted by the motope expenments of SeaSwrenoes & of. (1949) aod othen
who have shown, that of the total guantsty of protein in the body that b e
changrd per uot hume, mule protan provides abowt sixty five per cent
Bimilarly when proteln b lost from the body durieg w period of protein stasvs
tion, most of it i denved from muce tase (Avps, Poo snd Lawe 1936)
Tt sy tharefore be Jorifiable to comider a5 some anthors have dons (¢f Ax
sawcxx 1933 1959 Smamrxnax 1938, My, 1859) ooly the commposition
of the muscle protem when estimating ammo sed requrements by the carosw
suaiysh method. What may not be correct, however 13 the buale swumption

that the comporition of & thws permits » peedictson of the necd for maintemance
or growth of thu e,

" 3

P Kinetle | !
Al - coontisuents of the food undergm  scries of romctacon i the orgamim be
fore bring excreted. A dmple roaction vequence tiat Whatrate thas fact and sexve

)~ (D (8
Ttin axzoed hore that in these Frevenibie £x0 rther waba ,
part fom two e catalysing the renctions. Vo can therelor wiite

2.5 Lk
B AFETRASET L A-ETRG—E A
where

The &ty kn Aodiog dw cavect Iterpretation for data cbiasacd m wrope sasden of e
Ty pasiead by Schonkeiener and othery thadd te tnertoned.
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A = the form in which thz compound is supplied.
4; = the form fn which the campound Appears in the cell after having been trandormed

by the ensyme £,
4, = ﬁlmminwh;:ﬂl:mmmdhwmhwmmmm
Cyand Gy ~ mmmm[muhm,a reacts with K, and 4,

with E,.
E—ky = rate comstants,
Lerting the symbols repeosent both the type of compound and the concentration
(Rannx 1959) we can write the rate equatioes for Ay, £ Ay, Cy 20d 4y
Lz

@ w-—h4rnii g
® Gn Bk Gk
@ Lk Gt 4 Bk G

® St A E-KG-LG

® Lebg

The total xmount of the firit enzyme will be called £ and the total amount of the
socood Eo- The two enxymes appear both in frec form and in the foom of enryme-sab-
strate complexes, which grres the conservation cquations

@ Eg=E + G and
® E=E+G

“The sitsation that in the present dbscimnon b of most interest, asises when the conre™
tradan of 4, docs not very with ume  the cormpontion of the anjmal must pot chanee

from one moment to the Dext. Thhmaml.h:t-:i’-ﬂor in other words, that the ;310

dlormx:kmdA.hcqplebcnwddhpparmA.mﬂngﬁmdymmmd'
trom for the two enrymesubstrate complexes C; and G, It can be shown that

b B4 4 Ex 4y

@ K +4 K+ 4,
where

L+ 4
(10} £ and
{1 x_f’.:’_‘.‘

1 this conetant concentration of 4 hcnﬂch.md.byrmmmndqumﬂ
(9) exprooed a3 a imcnon 4, we obiain

A - b E, K 4
2 Sk By K F U Ea—h B 4
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%) A G ) 4

1t can be seen, that the relation between 4y, and 4§t oot srsightiorward. I{ A4 &

waall, 4,, 0 approknmately 10 4, but s 4, Incremscs towarde graater valoes,
prachally indeperdent of A, The valuc of Ay bt furtberroore

on a mrmber of

cll them 4 and 8, ko an organkom or a tomae were going through reaction serka of
drtypcﬁvwnhqmrbull)‘thcnwi‘wvnﬂnmbcmkuﬂomﬁ*ﬂﬂﬂ
F—-ohmnu:(mm.lyﬂs,

"

Thero b reeson o amurne that fu st instances the subsirate concentrutions oc
curring within cedb are small to the miuration vatues (Kaxme 1957 Dooos
aod Wi 1938, Rioxen 1859) The term (F ~ ¥,) A, In the denominator of equation
{18} may therdknr bo neglgeabhe copared 10 ¥y K (5 wouM be truc abo if ¥
m'mmkmwdmlﬁmﬂmﬁ&mmm
unlikdly) Under ruch cooditions equation (15) would resd

vV K

4, -

Uy Aw 7E A
Eimillasly the relation betwern B, xnd 2, could be writien

D) Bem i3 B,
and

i, V,E VK 4

1 i

a8 S F!'r B,

Acrording ty the lant equaton, the mto of the concentrations of two fntermedisses b
proportional 1o tha ratio of the comcenmations of the subwtances from which they are
formed. Pt the two ra00e are not identcal ankes

By
un FET L

-1
mm:m-ﬂﬁ&enﬂn%wwmhzﬂiﬂmdm

1 A
were, Lhnnﬂ:slwmidbt4



94 L. P, MRICSON

It should be strongly emphamed that the discinmon has been based oo a
moddlystcm(cqmucn(l))whuhuﬁrtoonmplcmduuibcndrqmtdy
the metabolimn of amino sads in the body We have ignored, for instance,
that the amimo scids must be transported I one way or another throngh eell
membranes before takung part m the metabollsm. The mechanum for this pro-
cem 13 not clear but it probably involves the interaction of the aad with
“carrrers  In the eell it &5 more probable that the amino sad will partia.
pate 1n & number of reversible bumolecular reactions rather than in an irrever
sible monomolerular reactlon as stated m equanon (1) An example of & e
versible bimolecular reaction m winch amuno acds take part 15 ther actma
won with adenonne tnphophate, a process that may be a prerequnite for
protein synthesis (¢f CraxTnonm 1958) It o not known whether this and other
reactions leading to the Incorporation of armno aady into proteins are ordered”
or random bimolecular reactions. In cases where the latter 15 true, the reac
uonntuwﬂldcpmdbnhonlb:ﬁmmdthcmdpoutruftb:mmm

concentrations (Repeex 1959) d:mmk!ngﬂl:nm—depcndmtonAmd
B mna plex fashion. Bimolecul i wuldinmyu:immdm‘c
more vambles on which ths mtio would depend. Even for ammo adds like
Lhrmnm:m}ynncthntuonmﬂync:mmmnontbcrpurpwcﬂnnubuﬂd
mg blocks of proteam, a number of further plicatsons can be

The couplng of protein anabalum (and bolirm) to encrgy yielding proces
sa,th:mﬂummn{mmtumaandtbeﬂz:lndmmpedﬂunohhcmmhﬂc
poal of mtrogen, the fact that the enxymes participating in peotelt synthess
ucthumdvuprmum,dxecﬂ’ectd‘mcmnlrehuomhipulnthe ertration
of rate : d of protem synthesss an nucleic acld ynthess,
lndo\hnphmommhawnﬂlmld’tmafamﬂdaluouhﬂ:.mhd
of knowledge of how amino acrds are put togtther to form proteins males it
mmﬁ:ntmt\o-mfammmwmw
tam outhned above merely serve to emphase the harard of drawing con-
ciuvion from oculy the concentration of an intermedate in & reaction sequence

Xt is of Interent in this commechon to mention the kinetle aapects of proten syoihos
that have been put farward by Strrvarro, VArosAx and A, roaax (1956) to accoust
by with radionctive

Awmuming  sicpwise
(he armno acds In the metabolic poal, they thow that the radioactinty of an amino
meponl(dd
In the followng manner

(18) fimh At Che D)

the thme. If ¢ fs auffickently ke

h
Yo thh formuta &, and k. ar rate constants and ¢ e ot okt for

A‘wmldbcnpprmmldycq\.lm" A, ¢t Thesame



mmm-ddBmddrnm?mﬂdbt"ﬂ"m
1) A _be 4

an cxpresson resembiing (16)

Discussion

Each ammo sad takes part m the formanon not only of ane bat a large
numbu—nfpn:tmnlnth:urgnmltbknuwnthnnﬂpmummdmbody
arc not metabolized at the mme rate (ff Scuteaizurz 1949 Fanmarxo
Taxvrr and Garzarzo 1948) It n by no means cortain, that the proteins
baving the fastart turnover rate and therchorn  those which we daily have to
replace and repair have the same amino ackd compoesnan as the entire anmal
or #1 moscle proteins 21 a whole. Even of the principle of the carcasy analyshs
vethod were correct, 1t would this be dangerous to use the analytical values of
the ammmo aad compoarton of the whole ammal or the whole muscle for the
athmation of amino acd requirements.

When amino acids are st free in the body due to protein catabolum they
max with the emmnd aads of the metabolic poals winch coamin amino ackds
ko of dctary ongin. The ammo acds of these pools are ather med for protan
rynthesis oc excreted unaltered or m a modified formn. A alow breskdown and/
or excretion of an ammo acd derrved from the catabaliem of ® twme protein
world mean that the ammo and conld be remed for protein synthom o0 &
harger extent than an amino acd that o rapdly diposed of Attennion should
be drxwn 10 the fact that the renal clearance of amino sads vanes markedly
from ooc ammo sad to another and in a fahion that bears no obwious resem-

bance 1o the ammo acd compoditum of the entoe anmal (VWareET 1948,
Fowirnm o ol 1957 VWmus 1959)

Some emcntial ammo aads, ¢ cthionme, tryptopt P
lndlrgm]n:(mlﬁxrm,dogludcbkh)ij:oth:rﬁmctkm’mtbc

organnm bendes forming proterms. Methlonme, imtance, particrpates
whmﬁmdmﬂmwmmnh -

perIm-
dmre and other compornds, and can grve e to oiacn and 5-

byﬂrmy.zpum«fl’:;mmd&nmwm It Is usoal to exprem

sixting
ment of tryptophan. This bs, of course, not a satmfactory method, unce some of
mwmh@ﬁmhmmammm
and this to an extent that depends on the Leved 1n the diet of notrinonal factors
ather than amino schds, e. g olacm and vitamm B, Scme ammal rpeacs alo
Cmvtntrypmphlnmnmmnd:mucﬂﬂmt}ydnnudlﬂl
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Tt shoold be xronghe eophewred that the dh oy been based om 2
nodel svxiem fequaten {1)) winch o S 100 xeple 1o desaribe 2demade
the rbditn of amms acds m the body We bave apnored, Tor mwxoce,
That the oo Aot mme be mported m one way o another throwsh el
membranes bodire kg Tt m the menbofem. The mechamn for 1o pro-
o 3 nor o bo ot protebly mnhes the oremon of the xedd wnk
“ornes” In the ol ot n more protable thir the ammo and will paroo-
are m 3 smmber of revendhle hrmeleenlar reactoes maher thoen m an oreve
sfhle Toomornolernlar reacnon as sooed m agmaron (1), An exonple of 3 T
Texhie hroolecnlsr reacnon m winch xnomo ands tke part o ther acs-
nm wh admoene oophosptone, a process that mav be a preregoae
prove svmbres (f Caaxmnse 1958 Tt 1 oot known whether the and cher

mom rxtes will depand both an the finst and the scrond power of the subeea
A
eomremrangms Rencox 1959 &mmﬁkm:gﬂ::mmfdcpmdmmi xod
ax

£, = a axopla fdnon. Broalernber reacoorss wonld m aor cse mmrodoee
e vamabls oo which ths rato wonld depood. Even for aswmo acsk Tie
Jreermne or bxoe this nocrmaliy seem 10 serer po ather parpose than x buld
g Hncds of o, 4 mrmber of frther eocoplicanes cm be concerred
The comping of prove= amabalen x0d canbalizm) 1 eaergy weldong prooe-
5, the soFoenee of et tooes and the s xad compoknm of the menbdlE
podl of orrogra, the fact thi the ewones parncpanng ™ protem e
2T Themachs proterm, the oSt of croctma) relanostos o the derrxnsd
o mre eqmynmmy. the depeadenee of protem serthers an madec and sy,
xrd cther phemamems tave a7 been Ioft ot of commdoranon bere The bk
'of Imowdedor of how o s ave Pt teerther 1 frm procem maks #
mnmmmfmﬁmﬁmmﬁnhmw
e orimed abore merly serve 10 cophtre the hamrd of dawsn, oo
dmoors from ol the o of an I m & TTACDOT BEgOEE

Ixxdmn&mmmmﬂxmmdmn@ﬂ
b Yzrre bema o toreand b STromrn, \ armitax sod AxTars 199 10 amoS

The xmoo ands & the memabr prel, they show Tt the lraorn 7
3o g0 the e 4,y d:.:mﬂ:u:ﬂzuﬂim:mrdﬂrmm::dmﬁpc‘ﬂ
= the ol m=ner

e L

b
him{z:mab,.mﬁk_mm:md::thlti-ﬁz‘ e

_g-mﬂﬂhx;\;rmérc;mlm},. 4 £ The e rrdwmon would
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mﬂmc.ddﬂmd\bcnﬁo‘imﬂd\xwﬁm
Ay ka4
% FUR B

15 cxpremion reseoabling (16

Discussion

Earh wmning acid takes part in the foemation not only of one but a lurge
umber of protews in the organnm. It ks known that all protews in the body
are ot metbolized st the same rate (f S 1949 F
Tanver. and Groxrwesa 1948} It ot by no raesoy certadn, that the protens
hawning the fatest turnover rate and therefore  those which we daily have to
replace and repair have the same amino acsd composition &3 the entire animal
o ;1 meacks proteins a3 & whole, Even sf the principle of the carcans analyshs
muhodmcmitmﬂd‘hmbedammmthennﬂwulvﬂwd
the arino sad compontion of the whole anumal or the whole muoscle for the
eimmation of amino acd

When amino acids are wet free in the body due to proten catabolmm they
mix with the immo acids of the metabolc pools which contain ammo acds
mawmmmmammmam«muwdn
mxbeﬁsmaun:dmhu:dwhnmndzﬁ;dﬁxm.Allmhukﬂnwumd/
araactimdmnmm‘oddc'n:drmmzbzmboﬂmdnm:mn
wou)dmanthnth:lnﬂna;ddcmldbcrw’cdﬁxmcm:ynthmml
h’xﬂext:mﬂnnmmlmldd\hﬂsnp{d}ydmcdd Ancrtion should
bednwnm‘hcﬁuthxtbcrmldmdmmomd:nmmﬂimﬂy
from ooe amino acid 10 another and 1n & fasbson that bears 5o obwious resem-
Nammmmmmdmpmmdmbcmmmnml(\v-mmm,
Fowrrs ool 1937 Wiz 1939)

Some cowertal amine acds,  mectnonine, tryptophan, phenyislamne
“’d‘fpﬂmc(ﬂcmnlfunu,dopundcmch)hlwmhzﬁmcmmﬁm
Wb&amwm\(m&hmmp‘mm
the form, of creatine, adrenaline, cholme N methyinicotd spermi-
dme &nd oiber compounds, and Uryptophan can grve tae w nace sod 5
hvﬂrmmmme(qummmxgsm It 1wl w0 expren
Lmuno acld requicements by stating how many tanes they exceed the require
ment of tryptophan, The ks, of course, not s satmfactory method, smee some of
the tryptophan in the dict 1 wed for purposes other than peotem synthals
ol this 10 an extent 1that depends on the kevel 1 the dict of ruttittonal factors
other than amino scsds, £ waan and viarmn By Seme anumal speces slso
comvert trypophan to macm moch more effiaently than others.
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It should be srongly amph d that the d ton has been based oo a
model svstem (equation (1)) which i far 100 simple to describe adequately
thcmeuholmndmm:ndxmthcbody We have mgoored, for Imtance,
thay the amino acids must be trarsported m ont way or another through el
membranes before taking part in the metabolim. The mechanm foc thiy pro-
cexs 11 not clear bt §t probably involves the interachon of the aod wth
camiens®” In the cell 1t s more probable that the amino acd will partsci-
pate in & number of reversble umolecniar reactions rather thas in an wrever
sible monomoleculsr reaction ma stated 1n equaton {1} An cxole of o 1o
versible bunclecular reaction in which amino acids take part 5 their actin
thont with adenctine tnphosphiate, a procew that may be u prereqmute for
provein syntheny (¢f Caastrero 1938) 1t is not known wheaber this acd otber
resctions leadmg to the incorporation of wsmino aaids {nte protmuns wre “ordered”
or “rmndom” bimalecular reactions. In cases where the latter o troe, the reac
tron rates will depend both on the first and the second power of the substrare

4,
mmmﬁm(Rmnlm)thanngwnmfdepmdcmmAmd
o
By ina lex fashion. Bumolecular r would m any case introduce

more vanables on which tns ratlo would depend. Even for amuno aads Ikt
threonine or fyrine that norsmafly seem to serve no other purpose than as build-
ing blocks of protems, & number of further complications can be conteved.
The couplmg of protein anabolitm (and caabolism) to energy yxelding procer
23, the mffuence of trannt tmes and the sze xnd composition of the metababic
pool of nitrogen the fact that the enzymes participanng in peotein synthess
are themselves proterm, the effert of stroctural relabonshyps In the denvaten
of rate equatvn, the dependence of protan syathens on nucleic aad synthess,
and other phenomens have all been left out of conuderanon bere. The lack
of knowledge of how ammo aads are put together 1o form protelos makes o
imponihle at preyent to accoumt for these fucton. Therciore, the kuneix specslt
tom quilmed above merely serve ta emplanze the harard of drawng oo
elimon from only the concentranon of an intermediate m a reaction squEnCe:

1813 of intorest in the counrction to memton the kinetis aspecs of proein
ﬂmmbanpmw:dhﬁmmu.wmmudxwuﬁwm

n the following manner

(18 A =i .4(:+I';(1.- =1

fa sufBciently B
o this formula & -ndt..mmeconmumd:hu:hnxm o

A, would be approwmardy equal to by 4 £ The nmé
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1952) How such large differences can oceur is suggested by the influence of
cayme concentrations on the relanon between 4 and 4 1n formula (12)
and the fact that actvitles of enxymes are — a3 has already been mentioned —
Inown to vary markedly from one individual to another (WiLiiaa 1956)
Enryme activites also depend on the nutrinonal status of a given indrvidaal
(WaTerLow 1959)

The amno aad compasition of higher animals does not appear to vary with
xge (Wiuiass o oL 1954) Although cntical evidence for this seems to be
Iackimg m the human, it appears reasonable to amume that It holds truc also
for thm speaies. Tt should follow — accordmg to the carcam analysis method —
that the ratios of the amino acd requrements foc growing children thould be
identical with the ratios of the concentrations of the amino acids in the adult.
Thn argument has been upheld in particular by Arsawese (1935 1959) who
has provided evidence that the lysine tryptophan (L T) ratio In the diet of
infants i optimal at approxmately 63 1 which is the L T mutdo of muncle
protens. The daily lysine requirement of infants » esimated by lum to be
170—200 mg/kg body weight and the tryptophan requrement 30 mgfkg
Howr and Swypramax (1956) seem to accept the same figure for tryptophan
but ther experments with infants indicate a dafly average Iynne requirement
of appranmntely 90 myfky Thn grves the mme aveage L Trado of 3 1
for the growth of infants as for the mtrogen balance in adults (¢ Rom 1957
Lavimron 1959) a mtlo that 1, however only half that predicted by the car
cam amalyss procedure. Both Arnawmsx (1939) sand Horr and Sxypemman
(1956) have referred to body composltion data while scrustinizing each others
findings. It seems doubtful of this b a reliable barh for discusron

Variow authors have repeatedly emphaszed that the amino acid compor
von of different animab o practically the mme, yet the average ratnos of the
ammo acid requrements are not the same for the growth (oc nitrogen balance)
of the rat, chlck, pig or human (ff Wiiiua o oL 1954 Rosz 1957 Horr
and Sayprasan 1986, Lrvexrox 1939) The rat, foc instance, needs lem leucine
m relation to lysme than the human, although i the rat the ratio of leuane to
lynne bas actually been reported to be somewhat hugher than in the human.
Stmilar stuations eould be mentwoned for other amino acds and odver animal
speoes. Also the attempts o cal correlation coefficdents between the
ammo acid content of varlow proteins m relation to zmuscle protem and the
biological valves of the same protems (Mrrcixr 1959 Booopo « al. 1952)
have, in the author s opalon, given inconsstent reralt, One can, of course,
argue that neither the ammo acid analyses noe the cstumations of requircments
AT a3 yet secmate enough to justify erifm of the carcan analyms method
20 be based on ruch fallures, bart it appears more [eely that the reason for the
duscrepancics b of & fndamenal nature. Further work — both theoretical and

experimental — 1 needed to the the
pol clarify the ntuanon and to define the applicabil ty
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Further Studies on Pigment Migration and Sensitivity
Changes in the Compound Eye of Nocturnal Insects

Py
C. G Brxrazarp and D OrTO80%

Tt has been shown that the dark adaptmation m noctwd moths proceeds
m two phases (Bamwtazp and Orrosox, 1359 1960a) and comperative
htologaeal studics have brought endence that the imcrease in seomtraty
duning the second phase 1 mediated by the outward maovement of the retinal
pgnm:(BnmmnndOrrmnlﬂg 1960 b)

logwcal and histol | studres on the relatiomhip
bettcenlhepcnﬂﬂmldnngucfﬂ'crtmxlpgmmtnndlhcmmryof
the cye have pow been carrred out on the salated eye of the noctind moth
Cerepteryx remmus. In 21 eyes the septitinty changes were measured electro-
phytiologically (sce Bexsotarp and OTrosox 1960 a) durmg dark adaptatron
and danng adaptatson to light of dufferent intensises after exposure of the
eye to bright Light (pre-adaptng ilhuminaton 1—3 mun  relanve inteputy — 1)
Fig 1 A thows the typueal doconnneous dark adapation curve, the second
phare of which yaro about 9 min afier comanon of the brght kght. Carve
1 B, showing the semitmty changes during the exposare of the eye to an
adaptmg Hght with a relstve boghtnem of — 34 has no corroponding
second phase. The lack of thns phase » not due to Impsurment of the eye nnce
there is & sudden fall In the curve as 30on a3 the adapomg dmm Light i shut
off (at verncal arrow) Curves C and D obtaned with adspung lights w th
lower Tight mtemines (— 4.6 rospectively — 6.4) show a second phase winch
1 more pronounced at the {owest metemlty of the adapung light. As expected
ccnauonufthednnhght(vcmalumw)ubﬂowtdby-ﬁmha’dmx

in the threshold. All curves obtmmned with adapting Eght i dtics above
— 46 (between — Uln.d-‘.ﬂ)-houtdmnamdphxx,h’hm“um
oat of 16 ob d with ad between — 4 6 and — 7 showed

astmndpln:dncbmgm:nlnugrmcrnbwvrnmmﬂu.\\'hcrw
the sccond phase  ppeans with a long latency during dark adapaation after
bright pre-adapting lght (curve A) the forther fall in the curves appears
withoat apprrcuble delay when darknes follows exposur  to Light of bower
tenmper {curves B, C, D)

Dark adapted eyes a3 well as eyes which had been adapted for 20 min to
light of dfferent intensities, rangmg from — 34 to — 7 were fixed m Bown-
Duboscq-Brasil's sotution and ta ned with hacmalum-cosin. There was no
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reraction bang found 1o most eyes exposed o tendues below — &
The facts 1} that nesther the seoond phase of the adxgration curve nor the
mEgment mgraton were obtuned when the eyes were exposed 1o bght it
wtennues above 3 certam value {~—46) whereas both the second phax
and the mgment mugraton were found ar light intensues below the valve
and 2) that there 1 o claton between the magnitude of fall of thresiold
duning the second phase and the degres of pigment retracton w ty dun light
of diffrent smennue, gne further evidence that the second phase of the
adaptation curve, 13 correlated to the outward mevement of the papoeat
Taking thu conclumon nto conuderanon the curves n Fig 1 would show
that the pigment retracuon stans after & long Ixtency of several minutes after
exposuse of the eve to bnght light, whereas the retracuon begins w thout
app ecuble delay when the eye has heen exposed to Jower Light atenmes
Thos work a3 supponted by the Office of Sciestsfic Research of the Ay Rewarch esd

Lruned St Ar Foree, throogh o Eoropens Ofice (comnct
AF 61 (052~211

References
Braaast, G G. and D Orronor O e maechentis of dusk adspaaon la dry =3
afghiicscens. Aot phy wl scmed 1959 47 SET38L
Bucoars, C. G and D Ovvovon, Comparatn mdnmbﬂ-ﬁsxdnj‘*’:;;
.

pumdnnd'mnd&mﬂltﬁdaﬂm]l"-mwmh gt

7 g Pyl 1960 b #£L 205218






Acta Phyel Scaxd Tel 51 Seppl 178

ERRATA

p 12 lne 4 from below 107 c.p s should be replaced by 10
ep

p 63 line 3 from below see footnote p. 000 should be replaced
by sce footnote p 62

p 77 Boruinoiavs a Rocmdany last eolumn 015 should Le
replaced by 0015 and 0.23 shoald be replaced by 0023,

p 77 BowwTtT et 8l column 7 0 1-0 18 md should be replaced
by 1-1.5 mi{.

p-135 equation (1) exponent ¢ should be replaced by s
line 14 from below ¢ should be replaced by s

p 143 equatlon (8) should be replaced by s = 7 » 10 7 aec !
last llne cm 3 X sec ! should be replaced by sec !

p.144 line 8 1.5 should be replaced by 2.1
equation (10) 7.5 should be replaced by b3
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From the Pathology Department, Tiwnc Dynarmes Labomwry Uneveruty of Texxs
Medheal Branch, Galreston, Texas, USA.

The Persistence and Regularity of Electrical Activity
in Whole Heart Explants
| 24
A W B. Coomeomax, N O Lozl and B. J Ryraxoas
Reerired 17 October 1960

Abstract

Crooxomax, A. W B, N. O Lowris and B J Rytawoes. Tiv
permtionce and repularity of dectrical acteily in whele hoatt oxplonts, Acta
physiol scand. 1961 52, 101—107 — The electncal

in catrre b Detalls are grven of culturing
o of data. Over 90% of cxplants showed contiaoa
Cectrical for neasty all of the first three days in culture. This

sctrvity
percentage fl 6 by the end of day three, 6 » during day S
17 %, on day fn and more slowly therealter Thae changes poadbly
reflected in the Th d o

of change in the mumber of active caltures from cne 13 secood ey 10

showed that the ane used m thin study wes beast

The contractile actn ty of chuck crabryo hearts has been previomly followed
by mucroscopec oheervation and recoeding (v Bu:mcm.nl%l) Th:mob-
servatiom were made mter ty mnce no
mmtilnm:m!lnmplm,mnmmmldcnnlﬂwhdc

Remdent from the Department of Otmtrtno axd Gynecokogy  Sablmubergpy Faspial,

Beockisobn, Swerkem st present research smociate in the Thuoc Dynastian
dhhdqyudmﬁydTaanhlmome:m

1613013 dcte phynel. mand Pol. 52
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ch:dcmhrynbnruﬁrn’pm'llﬁhcunlﬁﬁaphnuﬁmmmglm
I {e recording technique. The change [n the number of
Dears showing cleetrical activity as a result of the parsage of trme was measured.

Techniques

The 143 bearts were obscrved lo 4 groups (the incubators beld 8 mavimum of 40
cultures) (A) 38 heasts obeerved from 124—215 houn after explantavon, (B) 33
hearts observed from 4 / —230 bours after explantation, (G) 36 bearts olserved from
3 /143 houn after aplantation and (D) 36 heurts obwesved from 4 fr~150 hours
after explentation,

Each heart was explanted from & 7<day embryo chick onto a 36 gange, bare platinmm
dettrode In the angie of an Lahaped prece of celhulose sponge beld onto  coverglas
by Dhatex (Coromwaras and Lisrr 1960) Distex v u tolool sohution of  modified

by
tary, to & sheekded cuble. The whole system was kept fn an incubator at 37 C.
Supcrnatant — Thb waa & 0.23 % slution of human oD protan in the followmg

balspced it sahiomn  (Treoe Dynamics Leboratory Balanced Selt Soludon, TDLI)

N gl
Potastum Chloride 023 Potawinm 415
Sodium Chloride 70 Sodum 1340
Calerrm Chloride, 028 Calchum abt
Magoesum Sufphate 013 Magoenum 144
» Dasodium Phosphate 008  Phorphates 14
0.04
Sodium Blearbonate 10%  Blarbonat 128
’ Sodium Acetate 003  Sulphate 14
173 Chlamda 1285

activated smitches. This value was regotered on sinpchast

(Eig. 1) 'Dd‘"m“hdmdymmﬂmdtwmbudhmnaphml;ﬁ:
h;d.nmrbc!umcormrpotmuahgrﬂttrtbanaﬂim\ dunng the pasl
Follirweing the 13 sec sun ey there was & 3 sce sthence to alow the deterting mechanbimt

and recordiog pen to roct.
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Preceisixg of Dade
Utmg the sbove pparatos, over two millan obscrvation were mads on 143 caltares
A sequence of vahes representing the

average for  half bour durlng winch ft was judged that every culture bn that particular
groap showed d ectrical activity every 15 sec.

-— [ 1y wr ~ 0y a

[

Fip 1% maie — Half oo ererages o the poxnbes of ceiores showeiog ebctrics]
13 of every 20 scconnts 7). Cxpremed a3 armuxu rihvige
i -rdvnyndxhqhnwofﬂx:q:nm:.!’m-
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The procening of the data from Group A provided a special difficulty since the
metric vatues for a halthoury  full sctivity lnlﬂnﬂtm’uhlhhpugp(whkhﬁ
hwbtmmbelw%mm)mnmmﬂahhwlnordcrwndmnpuw
vatue to cach half-hour planimetric  verage In this group, the mean of all half hour
phnmrcm:ﬂluuﬁxGrquAﬁumlH—lﬁahmmmcraphnuLbnwnnﬂunﬂy
gven, ma pereontage value, the mean of ol the poreentage perustence values for the
pq-kole—lGBhamh\culuzefmmejpB.Thuunhﬂmhprﬂwmhﬁ-har
aversges of the 15 sec surveys and electrical £ war establihed and
from it percentage values could be worked out for each planimetric value for Group A.
Also, since the percentage values for Group B between 144—168 bours in culture were
higher than those likely 1o have been found in Group Gor D the percentage values ko
Group A were abo higher Hence the curves representing the survival of clectrical
potential production ran st a higher level for the period after 150 bours fn cubture
(wben t b comtructed from data from Groups A and B) than before 150 hours in calture
(when 1t b conttructed from data from Groups B, C and D) (Fig 2)

Results

Data on Pernistence of Electrcal Potential Preducisen

The curve constructed from the average of the half hour planimetric values
for the four groups of cultures (B C, and D before 150 hours and A and B
after 150 houns) i gaven 1n Fig 2 The beavy Ime wiuch represents the 5 hoar
running average, shows that there was an increase of 3 4 1n the number of
functioning cultures duning the first 24 hours in culture. During almast all of
the next 43 houn, the average percentrge of active cultures remaimned over the
90 9 level but had a drop of 4 % The perlod from 69—92 hours in cultare
showed a shightly longer drop in the perustence of electrical actvity (6 %)
while the sharpest fall of all was seen between 92 and 117 bours in culture
20 4) From 118 ull 144 hours the curve shows a flattening out with only a
A | % drop The principal resson far the rme in level between 145 and 153
hours has already been docused. However the figures for Group B alone, thow
that there is mdeed a slight ruse in the proportron of actrve cultures at this tme
amounting to about 4/5thy of that seen in Fig 2 for this time in culture (s
8 9 1nstead of 10 %) From this tume ] 176 hours in culture there s 8 drop
of 10 ; in the number of active cultures and from 176 till the end of the cunvea

drop of 5 ©

Deta cu Regulanty of Elactracel Betavear
ﬂmd.u:vnﬂlblclnthntmdydmpmﬁdainformt}wmlhcmguhdw
of the contractile behavior of whole hearts in culture Fig 1 o & hall hour
stnip of the straight line read-outs, each of which represents the total number of
hearts producing a potential of more than 005 mV during 2 L"lctnmg
pmod.Thnunpwnukznnrnndamrranmmcfonhunudywdlbmd
remarkably uniform behavior of the hearts in this respect. An a:mlmtizan &:
simailar strip of recording taken for the persod 8.30—9 00 pum during eachday



honr During the next 48 hours thm valoe dropped to 0.3 caltures then rose
again tll by 144 hours it was about 0.5 cultures. However for every Inarease
in the number of electrrcally actrve coltures, there was a subsequent and almost
equal decrease 50 that the ulumate net change in the number of cultures was
Dot large.
Fig 3 ahows the 5 hour running average of the change (ncresse and decrease)
in the number of dectnically sctove culhures,
The running average was convtructed from the half-bour averages foc all
four groups of cultures. It I3 cotrected to represent & propornoa of the total
number of hearts actually showing dectrical actinity at the time of the measure
ment of the change.

Discussion
Our present knowledge of the factors governing the sarvival of dectrical
potential production 1n heart explants s mmall and we bave been unable to
find truly comparable published data on this problem, save in papers previomly
publithed from thus hat y Hence discumion o necessarily fmirted and the
papcruhrgdyducnpuw.

The form of the carves for the indrvidual groaps of culturs had a definite
family resernblance to that of the overall average behaviar The form of the
amve in Fig 2 8 probably the result of a combanation of different canses of
myocardial damage tuch as
a) the effects of the producty of mechanical tiwue damage inflicted durmg
explantation,
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b) mﬂnumum&umpoorpbywldmﬁbuboﬂo(foodmdoxyxcn,

¢} lack of emental materals ongunally In short supply

d) diffuxion of vital metabolic intermedianes throngh damaged cell mem-
branes,

In ths curve, the ymtal 3 % nse dunng the first 24 hours way
due to recovery from the trauma of culturing The 45 hour plateau above 90 ¢
electrreal perustence which follows suggests that, during thn tuae, there wasa
safficient supply of vital soetsbobe materals. Then the sharp drop which
progrengvely b lem, pr hly reflects inadequey 1n the astrfical ene
vironment., While the nutritrepal demand from a relatnvdy large pumber of
actve cultures was logh ey in this phase, there was a sharp decline o the
abllity of some cultures to maintaln dectrical permstence. Later 1n tho phase
there weve fewer acuve cultores and presumably Yesser nutriponal demand
hence the decline became less

Some further commentys on thy curve will be found in other parts of thn
dscusioa.

The Regulany of Elcircs! Acwity m Caltoes

The method wsed to record actvity 1n thy study was such that a change in
the number of active culturey may mean that a culture wms

a) starung for the fint tme,

b) stoppang finalty

¢) beanng irregularly so that 1t was constantly making reentrres,

d) besung regularly lets than once per 15 sec so that 1t did not appear in
every 15 sec scan

The number of electncally active cultures per 15 sec survey thows a tread of
‘tnereased vartion after 72 hours even when a daly sample of anly ope half
Bours actny ty 13 cxamined. The level of varmnon 15 gmall when comparcd
with the total number of cultnres imvolved Also, the total nmmber of cultures
showing electrical acusty per survey penod mcreases nearly as often s it
decreses Thy suggests that a eulture uvuslly lost electrcal actn ty only for 3
short ume. The progresseve incresse 1n the smonat of vansten 1 the number of
xmw]mmulbeynguiummHgSAmwmﬁfﬁG’z"’ds
nbomthnthegrntmdnngemdrcmmbn’dncmrmhwwincdcdmlh
Lhegrntmf-umzh:mu]numbcra{-cuwathnﬁw.mgmcnldﬂvul
PR i the frequency and magmitude of mreguianty i the
number of electrically actrve cultures as they aged

The Effect of Electrolytes on Elictracal Pernstonce

The effects of the elettralyte composition of the supernawnt o0 the per
;mmccd’dcmul-mvhymthcculnmaubcmedhylmpﬂ'::
bﬂ\--cq:ulbcclauL'n:n:n!.hhmn:ly-ncll.hxnfmmp-rﬂ-xcms;im.llxrnwimmlh‘c
Laboratory A previous paper (Estronw of o 1958) gave mformaten 62
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dectrical persntence in whole heart explants cultured 1n synthetic supernatant
199 The cntena for a 192 hour survivat (the production of 2 0.02 mv p ial
during one of 29 7/ second surveys between lQ?luleBhounmcullure)
would probubly be regarded a3 a 216 hour survival in the present study Using
synthetic supernatant 199 only 61 out of 258 bearts (24 ) showed adequate
electrical function for 213 houry In culture. In the present stidy more than 50 %,
cultures shawed dlectnaal actwity at 216 hours in culture. Thus, our present
rupernatant permrtted twice a3 lngh an dectrcal persistence in whale hearts in

culture than did synthetic supernatant 199
Another previom study (Ctrrarxosay, hixutat and Henset 1960) gave a
comparuon of the pertstence of electmenl actvty in supermatants of differing
potassiim leveh, It concluded that, of those tried, the supernatant with a
potasuum level of 4.0 menq/l gave the best reult. Our present supernatant hasa
pounmmlc\tlo(4l5mu1[llndlulev:hohodmm,m-gnﬂmm,ahnmmd
h 3 1. The proportion of cultures showing dlectrical

ATC MOTE |
pczmmnlﬁ&hnmhth:tﬂm;qﬂnu!ﬂ /o In the praent study tn
between 62 and 73 Thus the regulation of all of the electrolytas to physolo-
gheal levels causes & 20 |, greater electrical pernstence at 168 hours In enlture.

Th krresgation wat mepparied by  USPHS Rosearch Grant (H-2249) from the National
Hewrt Imstinutr, US Pablic Health Bervice.
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The Discharge in Single Touch Receptors Eliclted
by Defined Mechanical Stimull
By

G Hoauuno and U Lieoaroar
Reechred 9 December 1960

Abstract

Hoautvwp G and U Lomsros. The dxcherpe in single ik recoilers
dictisd by defined michamical siimull. Acta physiol scand. 1961 52 108—
119 — To understand bow & touch stimulus is coded in nerve fmpulsa

it oy fund ] to know the fi ol its wave foern. This has been
studied In the toad by meam of & special technique for stimulanon of
ndivadua? recepton in dtu with recording of the

dncharge 1n the afferent fibre was recorded from thin flaments of the
docsal root,

The threahold  mpllrode was ably Independcnt of the stemuhre
gradicnt. When the latter was increased gradually from the minbnum
dective value (crivieal sope) and upwards, the threshold fell tharply
t fort but then remained at the mme level (Fug, 3 and 4)

Prolongation of » threshok stimulus by add og a platean phase (o
the inital moving phase did pot rewdt (o & repetition of the rapome
and did pot make it pomible to reduce the amplitnde (Fig. 1) The
repetitive response unnlly obtaimed on suprathreshald stimulation wse
clther Lited to the moving phase or had tho Lighet mupubse froquency
durmg this phase (Fig. 2)

Since the srongest cxmitation occurred durlng the moving pbase of
the stzmult, 2t was concloded that the deformation  the sdequate
stanulm, The deformed state i1 pormally fallowed by no responsc at alt
ar in somc receptors, by s rapudly sdapung dacharge.

Inlmtpﬂpﬂlhccxdublhrydm:chrtceplmdllxtypcﬂulhmunﬂ;‘afd
10 coane afferent fibres was studied in sita on the toad (Lowowrov 19 )
Mrcncptmwur:hawnwhawnr:lmvdyrdncmrymiodaflm

108
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iderable di and the refractoriness keft behind by the indindual mmpube
w3 found to summate dunng repetitive finmg 30 &t to counteract further dn-
charge from the receptor It was considered to be of mterent to investigate
quanttatively in the same type of preparation other factoes that influence the
mpulsc frequency and the duration of the discharge. Some of these factors are
the bility prop of the proes while others bedong 10 the simulm.
The prosent paper describes the cfféct on the discharge of varying the form of a
defined mechanical stmulus. A prefiminary report has been given at the X
Scandimvian Congress in Physiology m Oslo (HSoLmwD and Lovoarox 1960)
‘There are several earhier obscrvatiom that conctn the relation between the
characteristes of the stmnlus and the discharge in touch receptons of the type
supplied by coarse afferemt fibres. As was originally shown by Apmiax and
Zorremax (1926) m the cat, the typical response in the coarse afferent fibres
from the skin on applicatson of dight prewtre is 2 sboctlasting high-frequency
burst of impuba. Apmiax Carrris and Hoaorawp (1531) found that the
discharge of the touch receptons, studied m snerveslan preparatrom from the
frag, could be reduced to a few mmpulses if the strmulua, which consisted of an
air qorent, wat applied mddenly They amumed that impulses are set up
ocaly during the attoal period of movement of the skin. The mame authors
abo pomted out that a certam abruptness i esential to stormolation, and Iater
Gaav and Marcoru (1951) made direct measurements of the cnneal slope
for discharge in the mme type of preparation. For stmulation they used a
prezo-electrse erysial which was placed on the umde of the skin 30 a to stnrulate
the termination of a mngle axon.

The dvantages with the techniqoe we have wed, apart fom the receptars
bewng stodied 1n nta with ntact 1 are that the ad stimul
can be localzred 1o a mmgle touch pomt m the receptive feld and
defined in terms of displacement of the skin nurface. The type of preparation
uied has not allowed a direct study of local potentials in the receptor region or
the accommodative properties of the fibre eodings. This o a clear Hmitation
from a theoretical polnt of view For the present porpose, however the essential
llungudullhcmungchthclﬂ'mﬁ!xucﬂnldbemhmdqmﬂudvdy
10 the phyncal charecteriftics of the strmulus. In order to obtain tkin doplace
ments of vansable slope, amplitude sad duration & tpecially desgned mechanical
stimulator has been wmed (Faarawes 1960}

Methods

AR were d oa d toach (Axfe b} 101 reegman
belooging to 63 tactllc units (sce Lrowzow 1938) with therr receptive fickhy

afferent fibres in the dorsal root The stimmlatoe (Haaraax 1960) gy Unearly rmny
mechamcal pulses, the rate of rise of which was continocly varishle between 0.8
and 200 mmfsec. The moverent conld be interrupeed t any moment durmg the rsdog
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L 8

premang

rumulaion (of Lowwoarers 1956 ) The displacement of the akin surface wiy e

corded on cach stimulation by means of a capacitence meter a3 has bren dexcribed
(Lrxosrou 1958, p. 12)

Results

On stumulayon with threskeld litace the response always
nngle impubse. Fig 1 C thows the respoese 1o # livearly ocreasing
sumula of threshold amplitude, Maintained displacement, 1 10 Fg 1D
did ot result in & repetrtive discharge and was #ot accomparied by  Jowenag
of the threshald amplitadet This result shows that the moving phase s the
effectrve part of the stumulus and that the adequate sumulus for these reccpton

ed of &

In Fig 1 Cand D, sa well in subsquent records, the kmpobe whmm:di"
mmammmdmwmmwymmnmwwc;

duoction of the impulse from Lbemmlbe;kzofnm-dm(htbe
Lrastos 1353).
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thrahold stimulation. In Fig 1 A the amplitade of the stioraln 1 dightly les
than the threshold value in C. Record B shows that no raponse was obtained
when the doplaccment was maintained at the same level a1 in A. Thus, steady
sumulation could pot yield the mmall degrer of excitation needed for discharge
when ¢t had been brought to a near threashold level by the preceding moving
part of the stomutos.
On suprathracheld stumolation the most rapidly adapting recepters responded
with ooly a few impubes. For the receptor illotrated m Fig 1 «f., an in-
crease of the amplitude of the stmuls to 4 times the thresbold vatoe did not
ruuhlnmetbxnm(mpuln(rtmrd}:) From other receptors a burst of
scveral fmpulses could be obtal + from such a receptor i
hastrated In Fig ZAmdB,whlch:hawlh:rmmduuhddnndmpn
threshedd stimulatson, Even in this case the docharge b Lmited
to the moving phase of the samulus, Fig 2 C and D show the respome from a
third type of receptor which discharged abo durmg the platcau phase of the
stimulus on supratireshold strmulation. As sten m D the tmpulse frequency o
hughest m that part of the discharge which has been utiated during the moving
ptme.Thnty-peoflc-rupid}y.dapnmgtouchrea-ptorwuth:onlymthn
¥ to steady latlon. Even so, however the discharge
m]]yumetomcndml:ndnnnmd:mcptfwnngknndcm}ydh—
charged
The discharge in the lews rapudly adapting touch receptors of the type
ilintrated 10 Fig 2 C and D was often potentiated if the akin was displaced
prioc to snmulaton by lowerng the stimulator 100—300 1 from the ordmary
rero pasition where the stimulator rod was just in contact with the skon surface.
Under these arcumstances there were two recoptors whose docharge lasted a
Litle more than half & minute on steady sumulaoon. For the rest of the receptors
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Tdle I Crticel siogs of 8 recepiars

mm/see. rheh fee, mm/eec. rheob Jace,
0816 25— 25
08-2 28 34
0816 25— 13
08--26 13- 15 1
26— 34
1.0 n
13-21 18
14—18 18-3%0
t4-21 1126 28-34p 971 100(2)
14-32 18- 30
19 12 Iy}
21-28 3141 100110 160180
21-35 17-19 100129 180200
pAES X3 10.0-150 130200
24~48 19140 32190

the potentiation conmsted of a slight or moderate increase of the frequency wod
duration of the dicharge. The senmwvity of the most rapidly adapting re-
ceptoes vwas either uninfluenced or lowered by a peeset displacement. Nont
of the receptors was thus found to be slowly adapting in the sense that 2 Joog-
lasting or statonary discharge was obtained with stimulation and recording
conditions that may be consdered as physialogical, The matersal seems o be
large enough to allow the conclution that more or lem rap:d adaptatron charse
terzes all low threshold mechanoreceptors in the toad s skan supplied by coane
afferent fibres.

Sancrtcrptmdmvajmoﬂ'rﬂpons:wmmagcfaungicnmpubtwm
sppeared when steady sthmuli with s durstion of a few hundred mece. had
been applied and were sharply cut off The occurrence of an off-repornst
was apparently not related to the rate of adaptation or the threshold of the
receptor An afler-ducharge, which ch *n'-rtwchrtc:ptmcmndﬂtd
to small fibres in the cat (ZoTTERMAN 1939) or & spontancous discharge in the
absence of mechanical shmulation was never observed.

The observations in the prescnt invertigation all show that the strongedt
acitation accany durning the perfod of defarmation and thar many perbaps
moat, of the toad x touch receptors supplicd by coane afferent fibres do pot
normally docharge at all dunng steady stmulation respective of the surnulis

If the stupuli to the receptor were to be effective, lhcrltf:ofd_u-phcm!ﬂ’ﬂd
10 be at or above & certain entieal value A lowering of the rate below this valet
muldnotbcmmpan-rcdforbywlncruxdlhenmphmdcdﬂwd'ﬂpbi‘)
ment. 38 of the 86 receptors which 1 ere tested for the entical stape (©

were found to discherge on sumulation with the lowet rate of
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3 Records flmruiog the ot o the thresh-
,r the wimsks p-dknLThhbhAlJ

muﬂzc—nhhhpe. ECmd D,m
11 mm/sec, rosp. From soack
mergin of plantar matace.

which coald be obtained from the sth It can therefore only be stated
that the . of these receptors was at or below 0 8 mm/sec. For the remauning
28 receptory the et was between 0.8 and 40 mmfsec.

The .5 very ofien thowed temporal fluctuatans. For some receptors identical
values were obtamed when the test was repeated scveral times, bat the typreal
findmyg was that the s varied contmuowmly back and forth within certain
limits when the same receptor was followed for same length of time. Significant
varmtom were often found from eme minuate to another As a comsequence of
the temporal flnctuatons, the ¢ 5. of a parncnlar receptor shoukd be given asa
range rather than a smgle valve. In table 1 the extreme values for all 28 receptors
has been Inted 1o gave an idea of the magmtude of the fluctuations xa well
a3 the abeolute valoes for the s Same of these are abo given in rheobaseyfsce.
The threhold oo stimulation with a steep gradient (correspoading to the
horzontal plateau of the curve in Fig 4) was taken a3 rheobance strength, The
observanon time was about balf an hour for each receptor

The temporal fluctuanons could not be corrdated with any special circum-

sance m the a, mch s P or of the
skin, and therefore they most probahly mdicate u sp fi m
the excuitability of the receptor endingy, Another pomibility b that they reflect
centnfugal it activity of hetic fibees to the shn (Lorwemxsreny
1956 b)

In one sena of exp th  threshold 3 d 1at

mntuufd.nphmncnnbwetbeumddxtypalmhuﬂhnnmd
m Fig 3 and 4 Fig 3 A showy somulation at the race of ) 7 mmfsec. Thi
stumulus was ineffective in spite of having the maximal amplitude that coald be
obtamned from the simalator (260 &) VWhen the rate of the displacement was
soccendvely a propagated response was suddenly obtamed at the
rate of 2.2 mmfsec (Fig 3 B) As seen, the mmpulse appeans In the docmal root
fibre durmy the dewnward movement of the stimulator This means that the
srmulos amplitude was suprathreshold,
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= -

. ' b
s bassement -—ror

4. Curyr showing the typical relstion between threshold amplinsde and gradient of sthmal)
}}?‘mmmmmmuﬁm(}ida] lope 2.3 mm/face. -

By redncing the latency by the calculated time for conduction of the iumpube
from the receptor level to the site of recording n the dorsal root (cf. Lomsrov
1958) it could be determmed that the smpulse in Fig 3 B was discharged from
the receptor approximately 85 msec after the beginning of the duplacement of
the skin surface. This means that the threshold amphitude amounted to 195 &
on stmulaton at the 6.5

The threshald was then determuned at varfous higher rates. This was dont
by reducing the amplitude of the lus untl the response disappeared
(Thw method was caner 1o use than latency measurements but equally reliable

)dncc 23 described above the impnlse 18 1ninated diming the phase of dowe-
ward movement and not duning the plateau phase of the stimuhn) In Fig 3G
where the rate of doplacernent had been increased to 4 | mm/ec, the t.
amplitude was 55 s, 1¢ conuderably lower than at the c.s A further iporeas
1n the rte of duplacement, however did mot result 1n a further reduction of the
threshold (Fig 3 D) The relation between the gradient and the thresbald
ampirtede of the sumulus 15 shown in detad 1n the curve n Fig 4 which B
from another receptor As scen tbcthruholdﬁﬂavﬂ'ymptd}yl!"‘ﬂj“"
above the ¢ and thereafier remaing at the same Jevel throughout the whote
range of higher mtes.

T?tmndwonmbeduwn&omd)a:mmmuudnL"m“"m
gradsent of the sumulus 13 well above the .s., the receptor is imcnsitrve 102
further rise of the gradient.

On mprath '”gn N the grad. of the i uvcrynrkﬂn:’z
the vanous features of the docharge Wth stumuls rates at or mear the et
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alope the latency s mamlly relatively long In Fig 3 B, ¢1., the receptor delay
waa about 85 msec, Another consequence of & Jow stimulus rate 1 that the
dh:hxrgcuﬂmlw!byﬁm-d.;pmmnwbmboumhnh—udydmgthcphne
of deformation. This can be seen even far the receptors that are proae to fire
repetitively Ao ncrease of the gradiest u followed by a shocteamg of the
latency and an Incresse of the discharge frequency (Fig | E and F) The
extent of the frequency incresse will primarily be determined by the balance
between excimon and refractormens. The latter which summates on repetitree
firmg, will be more relevant than adap for the hmitation of the duch:
on strmulation with steep gradients.

Dizcnsslon
¢ suggestion made by Apmriaw  CATTELL and Hosoraxo (1931) that
1n eoarse tactile fibres are set up only during the penod of movemnent
dthclﬂnhu\whrgdywnﬁmui\nthcmth)u&mmmmbw

shown that the occurs sim y with the deformation
of the endings while the defx d sate o "byl 1 ly weak
dhdnrgecrmtdn&xrgcullltmnybepc-nwdmthlnﬂthoughthe
technwque we have med allows a q of the stimuhs 1n

Lmnfdhpllcﬂmntdlh:nhnrurﬁoc,!hctypeumtdlhcddurmﬂul
of the mechano-senmtive structures withm the sdan cannat be definad. The
whole tisuc in which the endimgs are embedded Is duplaced and d d by
Lbemmulmmdd:cddolmlmnuf!hmmylndmjebothcumpfmm
bending and stretch (f Loumrox 1958 Fig 8)

Dunng steady A of touch d to coane afferent
ﬁhrqum-mwdmhm:mmmud,&mlphyﬂnlm
polnt of vicw obrwously the most relevant event. If the propagated response is
taken a3 the only index of exataton this would be rero m the sdapted smate in
whlchnounpubmcﬁnwd.Sublmﬂnllchnnguothembﬂnymy
however ot 1n the awener of any pr Ths vy ind

in the expermments of Grav and Marcota (1931) 1 which it was found that a
condinoning simnlus of long duraton might contribate up to 35 o4 of the
threshold to a supenmposed test stmulm. In the present wvestiganon an in-
creasxe n cxcitation was seen in the lem rapidly adapting receptors 1n the form
d’mmmeoftheﬁ'cqumcymdlh:dmhmd’tbecﬂ)dnm vhen the
stimulus was rep d afier d 1! 20 &1 tO give & preset
nudylcvdd'du-phc:mmLThhwh\cndudonwugﬂd:dnndpanﬂcﬂp
cd the amplitade of the presct displacement The same type of excitatory effect
cun be produced by horzontl stretching of the skm a3 shown by Lorwes.
rﬂn(l%Sn)Auadymmul\nmythmpmduoclhdg‘hmmgo(!h:w
citatory state although it n fictent 10 It at & aupeatt d level.
Thus will be true durmg phynalogical standard conditions such a3 in the present
expenments in which the routme was to avold any defarmation prior to shmula
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von. It s mteresting, however that with a hugh degree of strerch, which &
probably not phywalogical, the ad may be ¢ cted to soch gn
m:hnlmmmxycﬁscbngennbumed[mmthcprmmn}ynp:dl)
adaptmg touch receptory (Lazwzssrene 1956 »)

The vanous ugos of enhanced cxonbility durmg steady deformaton thow
that mechanical recovery of the receptive sttucturey, of 1t ocenrs within the
deformed akum, » at least meotplets and may not be the only bans for 1be
rapd adaplatran of thewe receptors (ef Drox and Frary 1933, Lorwrarmx
1936 a, Gxax and Sa1o0 1933 and Evzacteas and Krrriex 1955) Tho may
also be due 10 rapdly decfinmy rapansvenessy of the mechano-sentftne stroc
ture while st i3 still 1 & deformed state, to lugh accommmodation i the axoe
ending supplymy the receptor (cf. Grav and Marrarws 1931) oc to chemual
mhikiton (Hoagraxp 1936) The present expermnents have not grven aoy
drrect informanon aboot the mechanmm behma the adaptanon. The behanom
of the receptors dunng the moving phate and the plateau phase of the sumuls-
tion suggest, bowever that a deal mechasm, or at least two different pro-

patay, may be myvolkved both m and adap Ope mechanmm
or property mxy be responsible for the minal discharge and sanother for the
ducharge or subli 1 change of bility dunng the staedy phase of the

stmyulayon. A companwm may be drawn with the dynanuce and stane com-
povents of the dinclarge from muscle spindles (Kavz 1950) In thee recptot
the mechamsm or property respensible for the satc compoment o nargnlly
presalent, while m touch recepton, whose primary sk o o ggmal rapd
superficial displacements rather than tension, 1t scems to mamfest reelf mamly
ender specnal arommstances sech as logh swewch (Lorwesaresy 1955 a) of
changes 1n the chemeal emaronment (TAvraar 1933

The amical slope was between 0.8 and 40 mm sec for ane thord of the e
ceprans and for the rest 1wt of ot bekow 0 8 mum sec. These valoa are of the
ume order of magnmade as thore obtamed by Grav and Marcown (1931)
ahhough different teetmques have been wsed. Gray and Maleobm, workng 2
nerve-skm preparavons, applied thar stomuli to the mude of the tho o0 25 10
mmhzcthemmm:umnf:nngkam.nbﬂemlbcpwlm\wﬂ*
rrcrptmkmmd:cdmnmmdmbemmuﬁmnppﬁudmlbcnkmmﬁd
over smdmidual receptors., In therr expenments Gravand Malcolm alo megsared
the at vanouws los gradi and the carve dnown by b
(Grav and Maroor 1951 Fig 5, follows the same course a¢ that m oot Fig. 4

It s been thown that the thresbald does pot decresse progremvely it
nareanng d of the hus except for grads near the amot sfope.
“Ths facy, whuch may be Jooked upon as & Timmavan of the recepiex 1o
tunpdmmuhmrbedncwmdxbcwmgh-hﬁhzhc =
forces have t bcmmnioroflhcrctqﬂm‘md[.hnmmu
that the munrmmn Ltency of the mstmtron of an mlbocrmz:md
vay ot accurdimg o Gear snd Margorw (1951) ¢ ¥ of the eie
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1 moec. This and other dreumstances, such s the rapid recovery of the skin
(Lompeox 1958) and the effectiveness of vibratory sumulanon (CATTELL aod
Hoaorawn 1931) indicate that the incrtia 15 slight and that the receptor o
capable of reactng rapidly The relative insensitivity to variations in the rate of
deformation may therefore be an mberent property of the receptar which bas no
dmple physical explamation. It may be the axnn ending 1n the receptor that

 responsible for the imeraitnty Tasaxa (1950) has shown that the same type
ofthmtnld-gndlmtqmuobwncdondccuhlnhnuhﬂonoﬂhcmd.
nerve fibres,

On supratkresheld sumulation an wcrease of the gradient was accompanied bya
:buﬂmlngdthchtcnrymdmhauxuﬁhc&:ququthcduchngu

ituntly the duration of the drsch was reduced, malnly becauss an

increase of the gradient alone means that the effectve moving phase of the
-mnulmbewmu.bm:r “This sequence of changes will be generally valld ff ithy
amumed that the smplicade of stonali occurrng in nataral, = well 43 expen
mental, situations has to be Immted. On strmulation with a steep gradient the
adapation will have relatively lew tone to cxert s action and this would seem
mrmﬂtinnchﬁvdygmtumulnmnbco{hnpuho.ﬁkmxymbctmc,
however because the refractory state daring dt
lnd\x:tmulmcpcwufulﬁmlﬁngfnﬂmthchlgh:r!}wﬂﬂng&u]umcy
tcnd:mbc(d‘.lnmm]?ﬁ&) ‘The ultimate frequency and duration of the
impale d foce, will be d dent upon the It action of the
d:n:u:tcnﬂ:uoflh mmul\nandthcvnnouaduhﬁtypvpam:ufthe
receptor and axon ending

The temporal fluctuations of the critscal alope, a1 well as the pmilar fluctua
tons of the threshold (Lomaros 1958) will dumomsh the exactness with which
omumuhwiﬂber:pmduccd,dncctheuﬁ‘crmtdmbug::bdmdbyldmﬂol
wtrmuli will vary alightly i an unpeedictable way The
may be raodom varations i cxatbility bu\\h:ymyllmrwtln
integratrve mechanism, which would be a centrifugal regulation of the semary
mput at the recepeor level (¢f. LorwmoaTte 1936 b) Tt may be mentaned here
that there are abo spatial variations i axanbility withn the sensory uas,
unce the vanous receptons supplied by the same afferent filbee wrually bave
dufferent threaholds (Lomeiow 1938) In companson with the tempocal and
spausl variations in excitability the hmmited capacity of the receptor to follow
changes 1n the charncterivtics of the rimuly, as g the relative Insenltiventss to
vananton 1n the gradient, may be subordinate,

All receptons have been clamified a3 low throshold rapidly-adapting receptors,
brat t should be pownted out that there are wide variationt in the mte of adapta
noumdmhethruholdﬁ-umuncrcapmrm-mhnwhd:mﬁrmm!delhe
mnge of the ifl diate forms scem to exist between
Lbevanphﬂymdthclcnnpdly-dapungnc:pmn.uwdlnb:mﬂ:mc
with & relatreely ugh and & relateely low thrahold. Tt it poible that the
3413015 dcta phynel xand Vol 52
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wost rapadly adapting receptory with a entical slope of about 100 sheobases
per second or more (cf. table 1) a subgroup whrch should be sep d
ﬁum&crmdtbcrcoeptua.Tb}swmﬂdbeiuﬁmmththcﬁmﬁngsdDm
and Frerer (1938) and Fraaxn and Sropas (1942) and sho with the fm-
prexnon gotten by MaRTHan, Miguouet and Tasast (1952) that there are
two kinds of motile end-orgams m the 1oad's skun, one  phanc™ and ooe  tems-
tome™ A closc parison with the ol proposed by other authors
1 not postible noce different techniques and orsteria have been med. Sevenal
selective factors are abo inrvatved. Thus, 1t the present matenal one such factor
1 the dimecuon, which may have Ied to an over-representation of fibees resatant
to mechanical infury and another that only wmts umrervaung the lowe kg
have been included. Forther the receptons having a relatrvely high or & voy
low threshald, or a crincal sfope below 0.8 mmfiee, could only be subpected
0 an meumplete analysn. As far as can be Judged these receptors bave the
rame general propertics as those whuch could be stodied through the whole
range of tlopes and amphtudes of displacement. As yet, bowever t cannot be
deoded, at least 33 far a3 she toad B concemed, whether there are any wb-
groups of fi 1 g within the popul of tactile moits with
coarsc afferent fibres.

The amtical sdope for dischasge and the duranon of the discharge on suprs-
threshold strmulayon may be taken as two different measures of adaptasios.
Tt would be wteresting to compare these two dats 10 see how close the correls-
tion m. Although the techmique we have uted makes such a comparson possble
the material 30 far analyzed is 100 small to allow any conclunon 1n this respect.
N\or can it be dessded whether the cntcal slope is correlated to the rheolase
waluc,
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A Presynaptic Effect of d Tubocurarine
in the Neuromuscular Junction
By
Gurrax Liirsmy and Kxur Narm
Rereived 21 Jamusry 196

Abstract

Lintenen G and K Nars. A peryuepta ofect of d-tmivcarerras i the
scwrevaxwar fuctet. Acta phypol scand. 196] 52 120136 —
End-plat potentials (e p. p) of bolsted phrenic nerve diaphragn
preparation have been recorded ¢ different stages dunng develop-
ment to complete curarization and during recovery of the prepars-
vony, The fimt effect obtained during mereadng curaritaton is charse
terzed by the constancy of the ¢ p. p. dunng tetame stimnudaton, o
by Ixck of Wedemky inhibivon. Thn phenomenon, with & raped
declme of ¢. p. p., develops under the infloence of tubocuraree aod
must probebly be caused by tbh pharmecologhal infiocnce It i
coacluded that the mechanism behind the W edentky inbbithn must
be of presvoapuc argm, and probably be duc to  ranforcement of
the narurally occurring tendency 1o block of propegaton of trtane im-
pobics m the last arboriraton of the motor perve.

The following topics arc more comprehenmvely trosted b the do-

of
trammtvon of repeutve impulses. 4 Effect of other quaternary so-
o compounds on parve fibro, opecally on uom dinated povT
endmgy

Since the nork of Dare Friosrmo and Voot (1936) mccﬂcctdfmmi)
d—mlxxm’lnnvhubtcnbdxwdmbcduew-pw:pmnynlpbcmﬁhﬂﬂm
the competsan between acerylcholine (ACh)mdLbed.m-gfartbcrtﬂP'“'

120
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substance. These authors found no change of sutput of ACh under the Infloencr
of curarme., Tetame stimulation vwas, bowever pot wed 10 thy 1nvestiganon

and the work gave, therefore, no clue to the und. dmg of the h
behind the Wedemky nhibmion — a ph 0 ot emtic for the
effect ocbtained by curarizaton,

Since 1936 & senies of papers on the effect of tnbocuranne and Investigntions
hwhmhthnd:ughutxmmultadhwbcmpuunhciTm-dmuh
tion has, as & rule, been used in these pabl and the
ondudomhncgmu’!ﬂybcmbncdmtheunmpumthnmmpmdm
10 change of oatpat of ACh even duning tetanse stmalanon. Thu assuaption
has, however ncvcrbcmpl'wcd—ﬁom:papenmﬂoncdmthcdncmhn
have, on the other hand, given some indk of an praynap
effect of tnbocuranae, but these papers have never recerved much attennon.
The purpose of this irvestigation has been 1o submit tha poible presynaptic
effert of tub e to a clostr The mun reslt of the -
\tldpnmhtha!th:mcd’nn}nnhdﬂndtbc\vdcmkymhlbmoﬂprodwcdby

rint must be of pe inamly — 1f not exclurvely — presynaptc
ﬂnwﬁnd.hpmmmpehadvdydhumdbrdxtbnmrdcﬂm
infarmation concerning the mechanbm for don, and partcular
-ncn&mhpudmmcqueuinnofndxﬂonofrdmcofdxmmdttalmdu
phrynological conditiors,

A preliminary report of our resalts hat been publnhed recently (Loten
and Naxm 1560)

Mathods

Isolated rat phrenie nerve dophrsgm preparations have been used. Achon potentialy
bave bern recorded with two dectrodes, onc in the central part of the motor eod-platy
region and the other  few mm away on the same fibwes, The Bt onc records the end-
phmpwmﬂll(c.&ﬂp«)mdumdcmdlhommm d]pbldz:lcdunpotcmhl

end-plate potential,
winle the other one records from the e
pike potential fibres outalde the neuro-

© be pprsimately the maxeoal frequency
The traces on the cathode Tay acreen have ofien been blanked for time Intervals of 173
wec under to bave the p clearly




),___/\——- Aorny rone, b) 8 oo
Y afrer addition of § pg/ml dtubocurarke
chiaride to the bath ) Potential Gom
f ‘l:mh:lfkrunrl:i’h.lemn:

/\ am) For this and the
f nmﬂhum s]
i recording of this Dbas besa
J N 3 N swieched off. d—g of the action
¢ & mﬂ'}lm&wﬂh&md«-

1nsec

trode ax In tetunde stheads-
b lhn"’:cc)cmnﬂyﬂh-hci

122
Fig. | Actian potethaly from rat dls-
o | Ny i
wihmwbchennd;z:
poteotial 13
i "f’/\—‘ Y o boeratial o o
fow mm from this

b

wec. { aod f, = afier nadg =
after 16 sec.
curarization 4 As an addrional control, the highest potential after drappearance of

ppeared, leaving the Joca! non-propagated potential m the end plate zone.

Results

The results are presented 1n 3 figures, the two first ones demoestrating 1
their porest form the two typical efiects obtamed at different stages of curarzs-
tion. The thurd d more ly the d P of the effect
after addition of tubocurarine and dunng recovery of the preparation

The fint recording in Fig ! demonstrates the normal potentals before
}Clnlru:mn‘theu:mnd one the p tials jurt before plete curanma
ton
The last recording m the first column 1s anly the potental in the motor end-
plate zone when the superimposcd spike potential i on the verge of disappearing
The potential recarded » now predominantly a pure polar ¢ p. p The
second column represents recordings of e p. p from the same place during
tetanrc stmulanon with 50 st.frec immediately after the single snmutation-
Tt 1 obvions that the e p p is d on an app 1y steady level
even during & long tetanic smulation A typical effect of this kind can only be
obtained 10 relanvely few peeparations during the mtroductory phase of B¢
effect ofmbocmnne-ndoulywhcuu-ppmpdlmconcmmbonofm‘”‘

mhdb@uscdfurd:eptcpantbnundamvmigldmAﬂan‘iy)ii
of the . p p. can under such bc"“'.ﬁm PP

dd 1, or after a loager perrod
515 mun alter With higher o domog 1b¢

of action of tubocuranne the potenuals are reduced more or
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m:dmuhﬂonlndrmtﬂ:mmuxymumthtmhﬂtﬂmﬂ
effect ilstrated in Fig 2

Very often an overlapping between the two typical effects demonstrated m
Fig 1 and Fig 2 has already developed when the stage of  complete curarm-
tion” B obtained, and quite comstant potentials can, under these crcum-
stances, not be recorded dunng tetanic stimulation. The typscal picture dem-
onstrated 1n Fig 2 3 alo not a quite comtant finding, but a rapd declme
of the e. p p always takes place 1n ths phate, even if the potentnals do not
disappear o rapadly asin Fig 2

The develop in another ¢k utic experiment can be ollowed more
closely in Fig 3 which requires no other comment than the mfarmaton grven
1 the legend.

Discussion

‘The Wedemky mhibntion of tetame contractions has always been conudered
a typical cffect of tubocurarine and substances with mmular action,
Wrensaxy d. d in hn dve wock from 1903 the inhubition of
d and jaion of tmpubses produced by repetitrve Lathon with bagher
frequencaes. He, and also Hownaxn (1903} proved that the neuromnculer trane-
mumion wis more scpmtive to thos Inhibihon then the nerve and the rracle fibren
‘Th naturally occurring lmiting factor could be strongly enhanced by different types
of phryncal and chemical influences. In the motor end-plate the inhibrtion was incressed
by cthar nucotine and curare. All typa of inhibvion produced by high freqooey
stimulation have since been called Wedenaky inhibiton.

demsky of tetanie ction b mmnally defmed a3 the phenomenon that
these contractions are tramfarmed to very short-lhved ones, whach are only recocded s 8
twich by tnnl mechanical recording This B type of contraction scen durmg  Tel
tively deep curarizaton of a certam durmtumn {seo Naxss 1952 snd 1953) but sighter
o of inhiteton are o sometima named Wedaky inhihiton.

Since the work of Dace, Ferorxac and Voar (1936) the mechansm of

action of curare hasy been conmdeared an blnhed fact. The competith
between the released acctylchaline and the drug for the receptor substance bas
been believed to be the whale explanation of the mhibd of

without any interference with the presynapac production mobimanon &
release of the trammmutter During the last decade the cffect of & series of sub-
stances of different types bas been traced to the presynaptc fibrey andfor the
mechanism of acetylcholine release. hpﬂldtmdngﬂﬂlmcchlﬂmd
acton are mentsoned at the end of the discuson. Before the final dcumiod
some topic of more general and prncipal Interest must be sarveyed axd
drscuseed

1 Ducmu:fthnvkdmaﬁmquumeaanom

Intbedmpﬁomofthdrm:dmdmaclu(hougmv-}mhlelnfa'ml?::
concerniog certain procedures which may lmut the posiibillues of 100
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reaching conchmom concerning the mrchannm of actson of tubocorarine,
Thi technical irformation has pever been pald suffickent attenuon.

Ithmuddnx-nmunﬁmum!dmlyb:obdmdhdzpnﬁdmﬂlﬂddmng
stmulation when mfne sohution wae used. When anmoals were pretrested with
nnd;nupmmdpdﬂmdu{vhbhnd.mnmykhdhzmu!dkfmﬂ.Amuhwd-
hﬂtydvu‘hﬂwﬂhmmdﬂm:ﬂt\nbﬁ-lmﬂ-ﬂmkm vmed, epecally
when the mencle s sommulated for Jonger perods. The newromuscular transmison and
the relcase of mertylchaline b probably most casity affected by lack of oxygen (WE
Doaxy 1903 Narss and Sromu MaTrmex 1933)

Datx & o mentioned that the artficral conditions of the abine perfosdon in some
way facilitate the excape of acetykchofine from the mae of its angm it the blood vemcl.
Frncn mmm(xmwmmwwmhmn

7 1 perfimate, se

the Previoos work (hars 1932) and the present rosolts demonstrated that the
complete of tubocyrarine, what we believe b & prosymaphic cfiect, takes
Jooger time to cptablish itself than the rapudly otrirTmg postiynaptc ooe.

Experemerts of short dumtion mxy therefore, not reveal all the dlects of tubocuorarine.

A factor of centra! mgnificance will be mentwoned at the end of this section
Tetanation was not wed in the work of DaLx ¢ o The frequency of sumula
ton never exceeded 15/sec and ungle contractions down to Sfsec were often
wed. “Th method, exrang & rhythmse senes of twitches, was chosen 1n pref
uuxcmmnlnum,-oum-w&dnnptdnnemmtthcrﬁ:ﬂoudm-hg
actmity of the mmsce” These frequenciss annot — epecially dunng mtvo-
ductorynxguofcunrhnum chdnc:lny\vdmskymhiblﬂm.lndthc

i behund thh p fore, not been th d

by
Darr, Friosmo lnqucn' Thnln:.baacvcr obmlyb@um:mcdby
screral other workens,

2. Prerums biereture dualisg wrth the relsass of troxsmatters darng repetifis stimxletion

A chapter deatmg apecially with the ACh releas in the motor end-plate
dunng transmislon of repettrre stimuh fa necessary for the further discuwon.
Posible changes in the ACh-production in a short mierval at the begimmy of
fuch trantmmsion can not be directly mestured (wee p. 130) Thb b, however
the peniod of mmportance in connection with the Wedemky inhitenon. 1t i,
therefore, of interest to Jook at the chaructrnstic features of blocks prodaced by
otfier procedures than eurarization. The lack of Wedemky khibatron of the
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— N\

Fi;.tE.p.p- by singie stimmulition and & short
&m—uur;so mdxhdz, sod repetlth e ppe
(Singrle

b

reduced tetsnic contractons of tiblahs aot. muscle of cat when depolanzing
b ex are used, md a relatheely release of ACh per m-
pulsc. This asumption cannot be tested 1n rat daphragm preparation berame
the effect of depolanzng substances 1 30 rapidly trandormed to & curare like
effect with & pronounced Wedensky mhibition, Procedures which reduce the
release of ACh, axcess of magnenum, lack of calcium and use of botalinum
toxan, produce inhib which 11 ch enzed by the opp b
of a Wedensky inhibrtion, rr¢. faciliatron through a block. Tetanic corm-lcdcm
mcease ther amplasda with mereaging frequenaes of tmulavon, and o
drop 10 amplitude occurs durmg the stimuafation.
Rmﬂmgofc.p.p.unﬂcrtudxmcumxuncurwﬂhthcﬁdﬁhbﬂun
d by me of 1n thm paper (Fig 4) This unplics a pro-
grcmwmcrn:ccd’tbeACbrdcuepampuhcdmmsthcﬁmpmodd
stmuiatioe. Block produced by excens of sodim gpves no 3y edensky inhibiton,
and s slight increase of e. p p or stablee. p p are obtawed by the procedure.
Low sodrum block also grves constant amplitude of €. p. p. duting the first
pu-mdol'mmuht.um(Sc:na:tmuS)

Inhib: of nndcubtcd}yphpurokmlbt
red of rmore p d tetamic produced under pl
tond; Such reduce or completely stop the L

'!hcmmde:hnuluncouﬂy“hhmmantdr:quhcmcmu(mﬁmm
and 15 the hmutmg factor for the srength

phy
and d ofthe ] tetaruc co (For a choser discusnon st
Wepnaxy (1903) Narss and Stoms Marumex (1935) )
ﬂmqumdmxmm:mmmmzhomprmtpmﬂm-ndwwﬂ&
bawever whether & rufficent and raped reduction of ACh output per mpube
aho takes place durmg tetanse contracuom of short duration, ¢ g up 10 5 st
Thnhnh-nlmdymryd’tbe\\:dankymbfh:mumnmdaumﬂnwﬂ

shall be explaned by the g 1 —‘—"zbearyo{Rmnnmlﬂd
\fornox put forward m 1537 Tbcnrmggmmuof-np-dlydtcﬁnﬂt\o"
peod dunng of tetanie fmpulses, at that tme, based o
redomt Jy bypoth 1 crureld, “The fall autbors have up
s A mppond’:hclbmc

to the praaemt ame, been repeatedly quoted 1n
mentioged theory Bmoww (1937) Eccres harz and hurnar
and \oxtH (1933;

(1981) Luxy
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Buwrrex states in he paper-  Baoves and Datx (1937) have evidence that in 8 succes-
lh:u(mhnpdnuchmlmpuh: Uiberates progressively lem of tranmmitter
H they are ruiBacntly cse together Thnrd'mmunpubﬂ:bodmulu.whkhdom
alkow chaser evabmtion. W do ot know the frequencles ed to obtaln & reducton, o
whether the mycstigation — [lke the followimg ones — has been made under curarma
m.mﬂmummwmkmd-mﬁmm

Horres (1933) who made wel-founded investigation of the facilitation and
of the neuromuscular junction, was of the opimon that b resulns
had proved the hypothem of Rommoroztr and Mormow (1937) He dem-
oantrated that the ACh-senwtinty of the motor end-plate did not change
dunng a Wedensky mhit He 1 {uded that the Wedemky
mh{blummunbeduem-pureprﬂympd:m:dunmnufm\\ecaulnly
hdmmudmhmanm(ucq:tthcrmﬂlnnptwfof.mtmﬂy
occurrng decresse of ACh d under di
mgut:dbykmu.wmmd\{mﬂmlmdm&mu,thm,dm
based on the statement that tnbocararine has no prasynaptic effect, an assump-
ton which » never proved and — we believe — disproved by our praent
work
The experimental resulns of Hurres are, heowever of great value and form a
m our mamn d (vection 3)
Exxpsvre and Mnreor (1958) have made a comprehenarve study of the
lar block produced loog d tetamc 1 with
different frequendier. Ther result has abo been quoted as suppoct of a theory of
prejunconal deficdency m the release of the tantmurter snbrance. Ther
c:pmmcnug-nv:,bcrww mprm(ofmcx}nmionnl'AChulhcmnuhmmn
behmd the inhih d 1n their

therefore, information of s pomible ocoumy
defickency m the relcsse of the tranemitier fn the first period of transmbeion of ttanse
umrpubscr. The very refiable romlts of thess demonstrate that two typas of block
are t work durmg jong sustamed wetanic a fadure af prop-
aganon snd another of porrynaptic ongin. These types of block devdlap after  refa-
trely foug of sthmok and wre fm with our present
problam. The redatively low mfety factor for cond

mechaniym behind the presynapc effect of tobocarerine (section $ b)
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The conclusion of this survey of previous relevant Iiterature must therefore
be There is no direet or Indirect proof of a raped end progremive reductlon
of the ACh release per impubse during hnslon of tetanic impulses, te no
prool of & naturally exssting basis for the Wedensky Inhibition, which bs expectally
characterustic for curarization,

‘The incremse of e. p. . in the beginning of 8 tetanus in frog during curasization (Eoctn
o &l 1941} bs abo worth mentioung There must probahly be an facrewe In the rehse
of ACH per impubs m this prepasation and no mapd depleton a3 amumed for the
mammalian preparatioss. e believe that the difference otwerved by curariration of the
1wo types of preparation n due to 8 more slow presynaptic effect of the drug i frog
Thix would make the pure postrynaptic effect of curare raore readily observablke i thir

of anymal.

Tt may be of interest o Jook for other procemes of transmision, which can be olwerved
in more detall without interference by any driyg R Eocres (1953) has recorded symaptic
potcntials by micoelectrodas In gangiia of rabiits. The atabllity of thee patcatiah,
even with relatively higher froquencies (up to 40—350/scc) was remackable in thixio-
osiigation wo. No tgnibcant decline in the amplituds took place la the berinaing of the
tramenimeon of repetiive stfmull and there seems therefore, ot 1o be sny decrease of
ACh rclesse m thls trammissan when limited perrods of stimulation were used

The stahbdlity of the postrynaptic exdtatory potentiak recorded from the motoocuront
of the spinal cord during highfrequency stimulation of afferent fibres ks been dom
oostrated by Cumn and Eocres (1960) Theee authors asum- & gencral mechanhm
for different typa of ransmimon by which ewch impube causcs a deplevon af tran-

mutter ly with a J of new itter from the store. VWith

hat higher fr e of simul the lat process may Compromic of ¥R
overcompermate the fint one. The following is stated with regard to the motoncurons
In this way high freq y of synaptic ton cath forth & mobilization of i

mmfter that ermures a grester nmapde dfect venen for rates of synapte activation op &0
250%9cc  An Increase may cven be seen in the excitatory synapbe potentials recorded
! Tularly by J do with fr from 80— 125pcc. The releasc of the

/\umhmrmthactympnmmobwanlyhznahghnfdyrmﬁlhmptdw
tramminion of repetitive stimuli.

It b not easy to undenstand why motor end-plate should be an excepton
Y cond,

with a repudly declimng refesse of under phyuolog:
and we are — ax already stated — of the opinion that & renes of dusect evadence
scems o disp. this p (Set abwo addendum.)

3 Deeantizatren of the melor ond-plate bo ACk dxnng tetaens

Another hypothesis put forward by Tiznxrr (1959) winch could pardy
explain the Wedensky imhit must also be toned and bocfly discusted
Tuescerr wsed hypertonie NaCl solution to block the neuromuscular trans
mitton and found a relatively ol ght reduction of e p- P combined with &
someumes strong and rapld reduction of the senutivity of the motor end-plate
mdccuophortﬂﬂny.pp!mdAumememlmdm}mwlhelﬂWﬂP'
tion of & rapid desennitizaton o{l.bemo(arcndphlcloAa\duﬂﬂs‘ﬂ‘“l:
This could, according to Tirzaerr puﬂyap!ﬂnzheurdnnmﬂbth}f'd
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of Wedensky inhilation. Some of ha findings and the hypotheshs
h:vebemtu\cd-ndc[nm’edhyd:cprucm-mhm:h a speaal paper
(Nm:ndmen.l%\)Themmn:ukdt}mpapcrmlheunnmcy
of wmplitude of e. p p. during a tetanm recorded mmediately afier the pre-
plnuonwublock:dbymao‘todxmhicdnnhlmnﬁngldtctmlc
during d NaCl did pot show any sign of
Wedemky mhibiton ather THIRLEFT 3 observanion made with the addition
ulNa(lun,mhcrchc.pmhhlymtqphmtbemcch:nnmbchmdtbe
of Wedensky mhibi The reader o referred to the paper of
Lmu}mlundt\mu(l%l)fmnmommmprd:mvedmm:c
other expenmental rerulty which are not In agreement with the hypothens put
forward by Trzsumry however will be expecially mentioned here
Hmm(l%&)tmudthcAG:—ccnnﬂvkyu{thcmmwmd—phtemA(}
before and dunng a 1y Wed hibited tetame ina
anmucdprcp-nmn_ﬂefonndmcbmgelnthcmuvhymdmdudcd
that nach & mechaoum could not explain the inhibition.
Qute recently Otroxa and Expo (1960) unng microclectrodes and electro-
phoretically applied ACh m curanzed frog preparauom confirmed thos emlt
and could not mpport the finding of Trxsirrr indicating a rapid devensitaa.
twon of end-plate to ACh Liry (1956) observed the mimatrre potentaks
during and drately afier jon of tetankc mpulses and found oo
change in the amplitude of these potentials, Onee sgun the conclunon must be
dnwndn:pmbnb}ynachnnFmthcAQHemmwtymmdunntheﬁm
part of tetanc L logical even if tho 1 the
cucdmingmurepmlmgtdtﬁxmﬁtﬂmnhdan(&lxjwmmdh!n.mxl%&)

4 Vaon dxcaumn of pevsent resultt
The stability of the e. p. p. In the first secands of tetamins in the first phase of
amarizaton must, accoedmy to the present resuls, be conndered a fact.

It b not posdble w0 obtain qute coustant amphitnde in the introductery phase in all
preparnasioos, bat the decline i not mare than about 20 per cent m 10—15 sec when the

vlrl.lnu-depcndcn!cnlb:l'edl.bennlmﬂ
and thicknem of the preparaton The lut factor fy of pgnificance for Dbﬂhﬂn‘lrlptd
and even eficet in all filwes from which the extracellular dectrode

Tht\‘v'l:dunkymhihﬂmd’thec.p.p. ie th«:rlplddcdmcmlhepo(mmk.
under the

Y but » to 2 certaun
cxtent covered by the H, d of all p k. The rapd
decline of the ¢. p p n, therefore, mont readily observed danng the recovery

of the preparanon after tubocurarine has becn washed out. The unchanged
ACh-senutivity of the motor end-plate during tetamc stimmlaton (see section
2 and 3) entails that the relative Inhibation of e. p. p. produced during tetanus
must be conudered to be of presynaptic ongin and the roult of the experr-
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mental procedure is curanzauon. Tubecurerae wurt hae produced ths ofect
w:(fmd::mlphuquﬁucundmmhthcumcnmrdpmiom}y
from rosults obtamed by mechanieal recordings of musculsr conteactrons In
rabbits (Nazes 1952, 1953)

The different time course of production of the and postsynapuce effects,
w?nchmxhtbeseptnnmofﬂmhwmcdnnh::&puﬁh]e.mmpobaﬂyk
dur to different penctrability of tubocurarine Into the two structural membrana

d — the p by being the most readily affectiable.

ynap

slihu,d L;,xm:' that the p pic effect reaches (i3 maxemeas
mn alier lntravenous ijection 10 rabiets and the posible presynaptic b
fully devcloped after 13 run when continuous njection s vsed (Naxs 1952} Il;ﬁ::n
auy to ghve exact information coocerning the time factor when rat preparaticos are
weed due o the more pronounced overlapping of the effects when the drug must peve-
trate into the peep and thus b ad; d more dowly and st varfous peeds
the different end-plates.

The finding that the Wedenaky inhibition 5 most dstinctly ohserved daring
the recovery of the preparetion (see Fig 2 and 3) o according to our opinon
probably due to the more mpd removal of tut {rom the p f

hindings. This will reduce the comp postsynaptsc inhib: more rapedly
than the presynaptic one, which 1 rapontible for the Wedemky inhibibon.
A direct messurement of the ACh-output before snd during curariauon
roay perhaps, scem necesmary to subs our pastulste of a presyoapth
effect of tubocuranine. We will, therefore, explain the reason why we do pot
rely on this method when tetanse stmulstron o used

The difficules encountered by Darz o &, with pedfunon of musdes s cav (st
)m])malmmnd:qmmnﬁmucqud’nﬂurdprqnnmnmdmmhﬂ-
von of the qutpat of ACh (n the bath duning Jong sustained tetank sumulation ooy
weem 10 be 8 more refiable method. Loog sustained tetanic afmulation peoessry

beeaue it catsey the penroaruscnlar to work under unphyrkakogscal condltioos,
which 10 & certain degree are smilar to thoss when the musck n perfuxd
and gthrulated o ritm (For further dbamdoo of sgnf. e of anapon in

ACh see Nacuaxsonn (1959) pp. 206—208.)

Addition of mhbitors of cholinesterase 1o the bath 1 neceary The ACh produccd B
pot spht, and lack of cholne with dgnificant influete an the ratoration of the pre
ymptec store of ACh may emsue. Excen of ACh around the prevynspuc fibres a2
certainly Interfere with the pomiblitses of other q y wors, . tubor
cmwbe.wmxafa—enﬁhmcm}nqdlbepruym;xxﬁbru(mdﬂam\prarurg
effect of quaternary ammonhim soas p. 152 and pomible presypapuc offect of A

and stroctally rlated substances seem by themmebres 10 ha = errian
offccts (see Rxen of of. 1957 RIxes of of. 1959, Nacwsansoiry 1959 p 198, 'Ud’:::
mterfere with the transminion of tetansc mmpubes and prodace unphysologest
condithors for the type of cxpermment.

It s abo of interct o mention the recently dernormitrased effect of adreorrg®
blocking sgent on the“mwﬂow'dmummmepzﬁmﬂmd(ﬂ!ﬂ“‘
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1960) s the rypotheds of presynaptic effect of this type of drogs put focward
by Pato (1960) n the decomson of thi result.

A weries of srgument thus Emit the relability of results obtained in thn way
and we found 1o reason to perfoarm cxperiments of this type to support of
disprove our theory Direct meagnrement of the €. p p-, combined with relevant
{nfarmation from other reports o, 1n our opimon, a far better and more wrust

worthy procedure, especially with regard to the fint short imerval of tram-
mmmofhnpuhﬂ—lh:pcnﬂdu(inmcnﬁrthtlnuﬂptohlcm—h
mechaniom behind the Wedemky inhibltion 1n curarized muoscley

theoey
eﬁcuuftubocurumchuba:nptwundmthcmmluobumedbym
and Bpazxe (194%) Naxsm (1952, 1953) and the Last time quite recently by
Rk of ol (1958)

Relevant papers are briefly quoted here
Bocammar and Loomstaan (1947) invatigated the fimetion of bolated motor end-

Drrrasex (1960} Gaoweorasr Nacmarmporty (1952))
Awos and Biaaxx (1345) by s Do producuon of
free afier

bern ertiaxed and 1 bas been difficolt 0 uee in the hands of other sckentien. (V P

\\‘wr:mnﬂuﬂ:uupunnlmmmhﬂn.

Andlm:run:t\d(l%ﬂ)hmdm-kdlhumhﬂmthdnb
groghon of turtle

wpeafic for
amumonium (3-OH PTEA) It wa demoostrated In the mroe paper that small dosa of
tobocurarioe and also procam well below those that Interfere with single-volley trane-
misson, oblfterae the repetitive mntidromtc actintyinthe nerve produced by -OH PTEA.
Hence 1t was conchuded that the blocking effect of corars i the motor cnd-plate orcurs
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p’imuﬂyt!tbcmmornmvlamimhhk.ﬁxlhefunhadhﬂmm'n(hwulm
mmmrmwmmmwwﬂmmwwmw
mmﬂymu{h‘hmmq(-hmlm,‘:cor-bme)
Ourmmﬁphmgivunomfmmnnm%lcbmmppmlhcbypmbuhd'
Rmdddlmmpuceﬁcﬂdmmcnwg’
et ccell-established pastiymap 1 et of tab (Dur aa) uyf
course fully acicpied by x5 nwd«tmdulbmﬂw
cames 1 additiem 1o he posigrmaptnc se The former can be obwerved espectally —
or perhaps only — durmng of tetanrc impulsex. The higher the fre
quenaes of sumulation, the stronger 1 this efieet. The invostgation of Dae
et al. has forever d d that the posmynaptic effect 1 the d

one when sngle sumuli are used. Nothing 10 our resnlts i at vananer with
this well founded and g 11, peed | for. The effect of smll
doses of uboctmanne on the repetrive ducharge of presynapuc fibres produced
by speausl sulstances — as demonstrated by Rocex of ol. (1959) hay abo po-
marily revealed an mhibitory effect on the ability of production and conduction
repetd pulses of higher freq The result iy, thoy, also in agreement
with our results and conclusion Ve are of the opunion that the indirect enidence
ofap ptic effect, di d by Ricem o &, (1959) can not prove
anything certain regarding a pomible presynapuc effect of tub on
transmiwron of mngle inpubes under normal conditons. It seems at present,
most rexsonable to trust the clasucal work of Darx & & 10 thus respect.

5 Possible meck of eptic action of tik
Very Intle is known about the finer mechamsn of conduction or electrons
spread of impulses of the smallest presynapuc fibres and of the relense of
Ch. It s, therelore, impossible to give a more detarled theory for the mechansm
"behind the presynaptre cffect of tubocurarine. Some factors of ingerest m this
connectran ought, however to be mentraned here

s Poatrehfity ¢f pueiernery emowatwn ims ude the werce fbres cqpecally propraapin emnt

It was, unul quite recently the general opunion that quaternary ammoniom
rons due to thar kew hipd golublfity and completely charged stare conld ot
penctrate 1nto oerve fibres, incloding the smallest ones. Different resals
obtaned by vanous workers dunng the last three years have, howevey dem-
costrated thar the finen termapals of efferent a3 well as afferent perves differ
from the mun part of the myelinated nerve fibre in the respect STOVXER
(1958 ) and Rorsryw (1958) demonstrated independendy thar wmacthyl
:mmn}umnﬂ'ccmdthcprmmpucﬁhramdb:anxddmwlpuxd\?(
per impulse thereby producing an antibloching effect on d flerent types

hib of the ! (scc abo Stovex (1959 b))

of teynary 8o
Ruxee « . (1937 1959) demonstrated an ability rpctll)(;:; T
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fibrex in the thetic ganglion The latter authons were also of the
ophmwdmﬂwmnwh;n?mmundm effect of cortaln pnglmic
blocking yubstances, among othens b fum, o these presy
hhuuhobcauhnvnthnqmu:hllu;ccuonofAG\mnmuhtcdx
termmsh of sensocy fibret and this effect can be readlly blocked by hex
methomum (Dovotas and Rrrciae 1960) The new adrenerge blocking
uxnpamd,bmtylh:m,whkhulholqunumrynmnmnmmn,-cumthc
postynaptic sympathetc fibres, and the strongest effect seems to occur on the
necve endmgy (Grow 1960) Even clxﬁnnmmmh.hmd’d:eqmmmry
ammoaium group seem to have certam presynaptic cffects {for refe see
Rmﬂd 1857 Na 1959) Add 1 ndi of an effect
Y 10ns 00 presymaptsc structures can be found i the
Chmdmp‘rﬂmmof}u ptic effects of tub (section 4)
We must therefore agree with the statement of Rixen o of. (1937) that three
pomible effects exst for all quaternary ammonhum ons ) & postsynaphe

one (depolarinng o stablizing) 1) an mhitnon of the chol and 1)
a proypapue cffect which now mcu-rdmgmpnvmmdptucmm\ﬂu,
obviowly can be of either latory or d

b Pessible backing of presymeptic repmtiins comduction by Lubocurarine
Groxorear and Nacerwooes (1952) and qmie recently Derraanx (1960)
have demonstrated a blocking effect of tubocuranne on the axon  tselfl when
spraal methods are used. R latvely hugh concentranom of tubocurarme are
neeesary to block the sogle imputses at Ranvier nodes (10-*M) bat t s hughly
probatl Lhathrhmwmmﬂommapabl: of producaing Wedensky

of the first mpualse
1n the valley 1.6, amilar to ipe. Sl lower may —duetos

greater p bility of the tie fibres — mfl the cond wn ths
sructure m the mme way Fuduung\\'cdcnkym&ﬂiﬂunc(condmﬁoncf
tm:munpuhamd:lmmmmhuﬁ}mmnnrnavv

Roun ot el (1337} thus, d d & similar presynapnc effect of small

do-:ufmbocn.nndncmdproam,wdlbdwthmdnt n:.u{er:wnhnngie
volley Son. The most probable presynap lon of action of
mboumrm:mﬁnd’urc,mben 4, of the 11 g
tendency to Vwedemky Inhibi of d m the presynaptic fbres
demonsirated by Kroqevic and Bt {1938)

Onr 1 as to the p -:ﬁ'cnd‘a h

15e 10 the teuro-

of L34 L wnth results of
Immdlmmmr\d(lsso)m\hzqmp-mm:m\mdmﬂc.
They stated i the summary  Although tubocurarme produces certun changes
in the propernes of the ganglon cclh curarization  maunly caused by modi
fication m the properties of the presyraptc fibrils, which retults m the establish-
ment of blocks of conducbon m the prexynapte arberization  These authors
9613015 At phynwl sc ad. T ol 32
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-koobavadd:ﬁmtmgudmnﬂuummlhlthumdnngcdlbe
cﬂ‘ccumdmcylhowurhdmthrtpcﬁmcmmlﬂadmmrwa]tbcpm
synapue effect.

C. Competitron 203tk ACS for presmmapiic reccpior ?

Baxstap (persoual fon 1960} has in prelimivary 4

ted that ACh juelf Increasy the f of the - tiabs, (Sce who the
md:nimdm-nd\ﬁmmlm)mmmﬂyrdamdAmmypciﬂy
bave the sme effect, an action which, secording to recent resuhts (Eetin of o, 1959),
indicatey & lactention of the pr p inaky, is. 8 napek

The | y cxmis that tubs by rockm of A cumpentive mechanten an
block this cffect of ACh, thereby producing & Wedeniky inhibition of the refesse mecham
B A furtber dnauwion of thi hypothests would at the prosent time be prematiore

It 18 geacrally accepted that sul which reduce the redease of ACh da
not produce any Wedeniky inhibitron. It seems now however to be pecemary
to accept two different mech: behund a red of the omput of ACh,
each grvmg a wpecial picture of iohibation. It b 1o tha of specal

interest to menton quute recent results obtained by Cang (persomal commims
cation) wrth diffe frw of Bulparus venom. The crude venom
has previonly been mvestgated (Craxe 1959 2, b) and & curare-fike i
hibstion of the ! hay been d d, Four
different fractiorms bave now been separated, onc having & compentive post
synaptic effect nmilar to that of tuboczranne. Two cthers have no effect on the
receptor substance bat tnhibit the release of ACh. The nurprmng resolt b that
these substancey, in contrast 1o botulmum toxin, gave a pronounced Wedemky
hibe Thete two fru seem, 1 our opimion, to exert A proymaplc
fkam:npurcfmmmnmrmdntpmpmcdfamhomnnneinlhnppﬂ

Addesdum

Sraavoran (1960) hm receady published resalts of b a0 1he relaue
of ACh from nerve termmnals m the rat snd fanes peg phrensc perve dlapbragm prep
aration, The paper & of specsal nterest in connection with our present rouhts sod
conmderatom.

Sraavoran d e hio of 1be ACh-production
ughout p } periods of stimulation {20 ainy Froe details o ho mroogation
be drew a sioular - and Mupoy {1958) previoaly
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(adnuﬂdn:m)dd:emwrmd—‘inun possible cxplanation of the W edemky
ioh{bitin. %o, 21 seen bn our dwcumsdon, refected due to resatts ob-

a1 enhancement of the blockmyg activity of carare (Cuots, 1H7)  Croo demonstrated
that =the cffect produced by tubocurarine b greater when the moscle i workmg and
B foncuon of the mis of stimulation™
The W cdensky nhibition seen during b h
hdbylnpdlmmcd\he&:idmmxdmdhupdﬁdh&ghﬂ&tq\mdu.
pare description of the phenamenon, a3 found n Creoc’s work, cannot give sy ex
mdwmmmdmmdﬁndmmmwm
Wedcmky inhibitkn, Ve are of the opinion that both the well known fact described
by CmoU and the Wedemky mhitation are due to the mame mechaniam, and have in
mmhppaddhﬂndln:d;myuphnxﬂm,wﬁchlhoﬁuweﬂnthtbc
new rault obaned n x's thoroughly i of the ACh-
production
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From the Department of Physiology Karolintka lestrutet (F culty of Medicioe)
Swckbolm, Smeden

Effect of Reserpine on the Release of Catecholamines
from Isolated Nerve and Chromaffin Cell Granules
By

U S.v Evirz and F Lrmajxo
Recchved 17 January 1961

Abstract
Emee, U S -nd}'l.m:.u:o.ﬂ-dqup&ul&nh-qf
catocialarcimes framn islated merie end Chremaffin ool gresles. Acta physiol
acand. 1961 52 157—145 — In  sopension of borine splaue nerve
grannles, reserpine in lD—' 10-'51
relemse of

relearmg ac
dmdtynmh:mmmmhhmﬁtﬂtdbybvcmﬂm
S abmost

of reserpme, but ‘Blocked
104 AL Ruuplnzhh:-nuin:nhhﬂimrunm.lmcd.nﬂ.uy
gramules from the rabbit and sl kew oo cas medullary
release occurs st Jower rate m rabbet's

banced. The possibie action of reerpioc a3 enryme inhiboe i brcfty
dracumed.

In a previous paper by Evixn  nd Lomajro (1960 b) t was reported that
was released at an incressed rate from solated and rerspended

bavine splenic nerve granules on incubation with reserpine. The concentrations
Decemary to cawse & marked release were hugh, however  thus about 0.5 mM M
{0.3 mg/ml) reserpm (a3 phosphate) per ml of empengon fluid was required
to camse about 90 per centrelease s compared wnth 30— 40percent spontancom™
relenae durmg 30 min t + 20° C. In concentratrons below 0 1 mM I no relensing
effect was observed. Similar effects were obtained with granules from the heart

of two cyclostomes, Myxow glrtimre and Petremyren et (Osriem o ol
1960)

137
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Subsequent experiments with a slightly modified technique have revealed an
effect of reserpine of a different kind. It was thus observed that incubation of
catechalamine granules from nerves with reserpine in low concentrations to a
hrxemmlprcvmtcdt}wrﬂmcufmdmmﬂnc.lnthcprm:reponm
described some results obtained with granules from nerves and suprarcnal
chromafiin cells on incubation with reserpane.

Method

Catecholamine containing granukes were prepared from bovine sphuic pervs by
the method described previownly (Euiaa and Lmtaxo 1961 a) bawed on squeexing the
earcfully dimected nerve trunks between nylon cylinders in the cold and uptake of the
pres fuice in 0 {3 m  phospbate at pH 6~7

While fn the previous wody the sed s ded in K-phosghate the
sspenwion was used directly [n the present experiments, after removal of larger partices
by centrifugation ¢ 1 0007 for 5 min at 0—4 C. Almost Do spontancous rekeasc af
norsdrennline occurred durtng 3 bours wheo the npention was kepe ¢ a tempers-
ture of + 4 C at pH 6—7 Lyophitized reserpane phosphate (kindly supplied by Dr
A Plammer Ghba, Summit, N J ) was added In aqueous solution To the control
wis added the sume quantity of redinlled water

After sddition of reserpase the sapengon was mcubated for 2 bours in water bath
at + 20° C. One sample was kept t + 4 C o serve a5 an alwolute control Ose or
two shquots of the original mupention were incubsted without reserping in order to
messure the spontaneom rocese.

In a number of experim hydrochloride was added to the incubation
Bud,

At tho end of the ipcubation perrod the mmpla were contrifuged for 30 mm #
30,000 X g at + 4 C and the sediment extracted with ackl and meta-
phoapharic acid added rerording (0 the method of EuLem and Lawtayeo (1961 ) Afler

oo and removal of the sedi the drenalme was ed Buatr
y acrording to the method of Evize and Liiajro (1961 b)

)Iuspcddmﬁwumblbbcdlbumpimdoumchm{mwuhmnm
7 metric extumation of norsdrenaline in amounts up to 250 g which are consderebly
higher thxn those occurring i the samples of the prosent study Semilar controls were
rmade with tyramme

Granales were aba prepared (rom the spearcnal glands of the rabbit and the cat la
the same way a3 described above

Results
1 Splemsc meree friomies
8. Reserping.

Fig 1 shows the effect of Incubanon of splenic nerve granwa with dufferent
mmm&mmmhm:@mmmamllﬂrw
nounced inhibetion of the release in concentrations of ! to 100 px per mk
Even [nucmccnmhonnlawnﬂ.lpg/ml-muhdmhfbmmd'thenh:r
Is observed. By peetreatment for 30 min at + 4 Cdxmhihltorynctbnm
reserplne w observed even 1 & concentratron of 0 0] pg per mlor 1.6 % 107
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NORADR. RELEASE PER CENT
eo pxu@ 1200 AT

w ® PRE NOUB X'
Y

RESERPINE pad/ML
Fig 1 Tatbisory effcet of rscrpioe cm e refesse of novadremaline trom of iclsteed
boviac spicnlc meree sporntncouy reieme, per cent NA
e e e e o e Tt victs Ko,k proincabarion

r

Mmm t+4 Q

No difference 1n the degree of inhibxtion hes been poticed when the pH
was varied between 6 and 7 In the incubated mopenmen, i reserpine was
present in concentrabom of 10 ag/ml or Jower In hagher concentratrons pH 6
was wed in arder to prevent preaipitation of reverpure.

b. Rescrpvios and {yroming.

It has been thown previowsly that tyramine can cagse a release of noradrena
ILine from molated gramules (SarOuaror 1960 Evren and Leveaixo 1960 a) It
therefore seemed of mterest to study whether the releasing effect of tyramine
uulnﬂacnocdbyrm-pmelncow:nmmwtﬂdmmhﬂ:uzh:rdax.h

ine 10 ggfmd (7.3 x w—fu)hubcmdw
mthhcondm:ndylnuhawngnd

Hg 2Lbomthctimccuur-cd'ch::ﬂ'aaoltynmlnenhneuntbc refesae of

fine from a sopenson of splenic nerve granules in
mzhmnm&ncci:wu:hownthnwnmlncupuuymuﬁwtnibymm
dase present o a P of the sedi (W Hardegg, personal
cmmnnmuthn)-nmndda-:oftynmm:uuuidcd-fmllwurinhm
ts. The o is powibly reficcted m a slght
dﬂhdond’th:rdenccuzveumlnﬁgl
Fig. 3 ¢ that the d relesse of norsdrenalme cawsed by

tmmheh-bdhhudhthcmdm-pamm-mmmbnu(lom
ml In very low concentrations, bowever 0.01—0.03 gg per ml, reserpine,
though still inhitdung the “spontancous release, does not block the action of

In the dary range of e 0.1—!1 pgfml, rexcrpane
exerts a gradually Increwsing blocking effect on the tyramine actron. In these
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_ON'ORADR.PERCENT 20c

00

- °

50—

oCDOoOw @

- € 2. Relear of bocadea-
s of
. ules at pH 70 o
o & at+ % C
 CONTROLS ° ﬁown;'nzﬁ’xmf
,Ds".T"“.“”’:"EP’%’”'f“. | T B mmﬂhﬂm
3 60 0B
SPLENIC NERVE GRANULES
gy NORADR RELEASE PER CENT INCUR.Zh 21T
. 10 pB/ML TYRAMINE
I sonstvons Fit 3 Effoc of reserplae
narsdrenaliac re-
l:d::mhnotm-mbeu-
inclated botre splcose wer-
e Incul for

1 0
RESERPINE (rG/ML

expermments the granule suspenmon was pre-ncubated w th reerpa for 30
min st — 4 C which did not nfluence the noradrenaline content of the
granules. The controls were treated m the same way melhtsen‘pam;
it 1 evident that reserpme in concentravons of the same order &3 lh':"far
tyumm:dmmmplctdymhnxuzhccﬂ‘caurmmnm‘fhu:ﬂ"ﬂ‘
wnterest fince {yramimne 1 d t0 act by suk

gnnulc:unaccmmto(uummg«bnncpmpcma(&:rt‘uw penonal

comrouncahon)
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L, o ) i b 1 o et
7 ot 20 C, fH 7.0 watk rewerpion

e e e 1 T e N T eiimctn of it o
foctim, 1 2.3 ead 1:097 repctinly Expt. T ond 11

A A

1 1 1 |
Controt b ;] 7 ]
Roscrplms 1.8 x 107321 (=] ™ i 3
Tyramine 7.3 x 1078 M 8 o 8 83
Rescrploe -+ tyamine kL »” L 9
11 Sepravesal medullary gromeles

A wemies of experments were sho made w th granules from the suprarenal
medulla of the cat and the abt.

a Ca.

The 1 4 under 1 ancsthoua and granuley
prrp-rcd.mwpmsbnufgunuhwumhncdmthraerpmemdmm-
1we a1 1n prenows expenments. Table T shows the effect of incubation on the
retlewse of adrnaline and norsdrenalin frem the granules.

As scert m the able reserpme bas & very sfight inhilutory effect on the  spon-
taneous” rdutncnmp‘rtdwidl!}tl:ﬂnnmqﬂaﬂcmgﬂnuk&T)nm-
inc hay a d g cffect oo drenafine as well as adrenali
whlchhlnh:eptngv{ththercnﬂbmpart:dby&cﬂtmn(l?ﬁﬂ)fubmm
medullary gramu/es. Even in the prexance of roserplne 1 6 X 107%M, tyramme

bxs almost the sume releasing effect a3 without reserpine, m marked contrast
w the effects obeerved with nerve granules (Fig 4)

b. Rabdiz.

The rabluts were kdlled by a blow on the neck and medullary granules pre-
pared (o & smlar way s for the cat. The inhitstory effect of resarpme was
somewhat more marked than on the cat’ medullary grannkes. In T bl 1T
are grven the resulty of incubation experiments of the same kind as 1n Table |
vnth gramules from unweated anumals od  fer administration of dopa. Dopa
was grven 1y m 2 dose of 100 my per ky after dimolution in Serpasll®
.o(vcm(lmlfcrl(l)mg)lnddﬂuthmmlwmlnhmundcrnrmmgm
about 40° C. Figures are only grven for adrenaline mnce th relative amoumts of
noradrenaline were small.

In spite of the fairly large variations between the nngl experments ¢ can be
wrn from T ble I1 that reserpme exerts an inhibitory action on the release of
sdrenatine in 5 of th 6 expermmenty. Tyramine increased the release likewne
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RELEASE SUPRARENAL
% xr
RABBIT
A Clcontret
z =z
Mgt . 2 L Mg tredted ©
7z Z %
7 7 Z Z
z Z
-z Z z  Z
4 zZ 7 Z
2z Z Z
ez Z Zz Z
g 2z 7
z z Z Z
Z %2 7 ¢z
z Z i Z
z z Z Z
z %2 7
. Z2 Z g
¥ 4 Z 7
2 4 %z % 5 |2
® Cortral Res  Tyr mas  Cott Pas Dy fe
Ty Tyr
Fig 4 Relasc of sdremaline and Jeft) and ads Tove (rabbd aber
hd pes {caz, Jefy) L :_drbm)

for 2 bowrs at +20"C,&'7.0\d1h
it prr eent of amount present m » sopendon enbated 2 a+4C writh
: (rght) indicate acticom on medullary granwies after pretrentmsent of mbbit with dopa

Table Il Relaaw of atrrnaling gficr sncwbation of sbbit ixprarenel modsllary praweles for T &
L 20 G NI 7D xrth resvpion med (rramns m fev cent of the cownnt prrscnt w o soposie
Sncubaivd 2% ot + § C. Expt [—VT

Untroared Aver I afier 100 eg/kg  Aver
age  dopa i T
1 i §i¢ nooov vi
Cootrol % v o&|l4u n & w B
’ Reverpeme 16 107831 " n 17 7 " 5 7 @
Tyramine 73 107 3( 37 a5 54 48 w 9 B
Roxerpine - pramine k] " 18 39 7 2 &5 w2

1n 5 of 6 cxpenments. On the other hand reserpane was relatrvely meffickent in
preventmg the refearmg effect of tyramine (Fig 4) Unng a bugh coaceatration,
200 pg/ml of reserpine, a refeasng effect was poted, however beiny about bce
as stroog as the spontancous refease at + 20 G

Discussioa
While the " relesse of trmnbmmqientn;g
gnnuludidnotd;ﬂ'ﬁmukadlyﬁumdulmaﬁmcdnlhrymh.
wrre conuderable higher than the release from rabht s medullary graoue-




ADERFINE ON NERVE ORANULES 143

These behaved In this rexpect more Like the bovine medallary granubes (Hrare
and Nrsox 1554)

With regard to the effect of reserpine on the releass of catecholamines from
storage granukes of vanous crigim the pecture b complicated. In resuspended
grnules from bovme sphic nerves it was ibown previowly (Evies and
Lauageo 1960 b) that reserpine incressed the rate of releasc in concentrations
of abont 0 1 mgfml and hagher Thi finding has been confirmed for granules
both from perves and from chromaffin cells in later expermments, but it was
aho found that when reserpine was added in lower copcentratwoas direety to
the nnpenmon aof splenic nerve granules and the muxture mcubated at 4 20° C
for vanous tmes t had an opporite effect whech was very marked. Thus an
almost complete inhibiteom of the release was ohserved wath reserpme In con-
centrations down to 1 ggfml or 1.6 x 10#ML A definite inhitatory effect was
noticed even in & concentratlon of 1.6 x 10~* M o the granule smpermon
wuprdncuhmcdmthrﬂcrp%neubwtunpcn

cﬂ'mol‘rnn-pm:nhcmdmaﬂtrdndngmut

ty-rmmmt.Whﬂc t will ot prevent the ty ine acton fn
nhnut5xlO‘*).Lmlnhﬂimuﬁmu[l}:tynmmcrdcn{ngeﬁectln-
cremses with hrgher k Thus the ty ang action b

almost completely blocked when rescrpme & present in & concentration of
16 x 10~*M. Thi action 1 dsfBicnlt to exphan on the bass of the assumption

that smply sb drenafine in the les on account of
ity stronger basicity No explanaton aan -tpru:mbeghmﬁrthcm-ﬂinx
effect of pme m low drenaline release on in-

cubanon of splemc nerve gramuley, bat uppc:nnnt\mphudhlcthxrau-pme
selecuvely blocks some enrymatic syitem lovolved m the release, Smee
reserpme b known to cawse a depletion of the catecholamine stores in nerves
and oryans it may be amumed that it also blocks the mechantm by which
sorage 1 effected (CArLmox ct al, 1937 Bamrirx 1981) A umilar effect hm
been pastulated for bretylium and guanethadine by Zanm (1960) The de
Pphetion of organs may be explained by a continuous leakage of the tramemtter
from the stares, not followed by replenon. Recently MoscaoLr (1960) has
shown that infised noradrenaline is ot taken up by the bearts of reserpme
u-uxcdnu.llunhohﬂz:uiu.mmthnauoztd(l%mfmnd-
blocking effect of reserpine on the uptake of 5-HT or adrenaline by thrombo-
eytes.
Lnthhcuntmiuhouldbcml]cdlhnhnooomdkwm(l%s—ﬂ)
observed a marked inhibkton of oxidative phospt
by reserpine in & concentration of 2 x 10— AL
The inhibitory effect of reserpne on the release of catecholamunes m less

Yiationinbram

reapine In concentratons of 0.05—3 wgfml oo isolated bovine med Mary
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gmnulcs.Uung?OOpgjm]wchavcobnavcdlunrkcdrdemlngd&amdt
mbbit medullary granules, however Ths effect 5 1n keepeng wath the direct
relenang action of reserptne whea given intravenoualy 1n large amounn (Mu-
scrorr and Voot 1957) Sumilarly the blockmg effect of reserpine on the re
lcanngcﬁ'cctu(tyﬂmmehwuhrthnmthcmeohplmicmgmulu.
Ths » partcularly obviowm afier pretreatment of the rabbat with dopa
which greatly ent the 1p release of adrensline from oo-
Iated medullary granules on incubation at + 20 C. It 1 also worth men-
tionng that no difference was obwerved between the release from noradrenaline
and sdrenaline stoning granules in the cat s medullz,

The quantutanve rather than qualitatrve difference 1n action of reserpine oo
the holamine storage les from different tinmues may be corrclaied
with the differences reported between the depleting effect of reserpime o8
different organs and in different species. Thus the cat s supearenal medulb b
known to respond less readily to resermne,

The reason why rennpended splenic perve granules should tend to react
with increased mate of release for resapine I concentrations which have aa
whibitory effect on the onginal sispenson b not dear bnt may be doe fo
the lom of some factor or factors i the reuspended preparatron. Even i
concentrations of 0.2 mg/ml, reserpine did not enhance the releasc of bor
adrenalme when added directly to the ongimal suspension of nerve granvia.

The strong enh of the wp relcase 10 rabbits medufary
granaics after pretreatment of the animal with dopa scems to indscate an im-
portant disturbance 1o the granules. It appears less probable that this cffect b
dire to the formation of dopamine since ths does pot Influence the rekease
(Scrluann 1960 Eurex and Lanafxo 1560 ») fram granules esther from nenves
or from meduflary cefls,

This work was supparted by grants from the Swedih Medical Research Cousc sod the A

Focce Office of Sclenific Rewarch of the Aw Reacarch and Development Command, Uskeed
States Akr Foree throngh ity Evropean Officr whuch b gratcfully acknoniedged:

)
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The Effect of Choline 2,6-Dichloro Phenyl
Ether Bromide (TM 25) on Organ Content and Urinary
Excretion of Catecholamines

By
S. Scrarmo?
Recetved 4 Februmry 1961

Abstract

Satarmo, 8. The gfect of chelene 2,6-dcklere phompl riher browcds (TA!
25) on orpas cowicwt and wrinary screiwm of coischelemims Acta phymol
scand, 1961 52 146—149. — Dally infectrons of choline 2, 6-dichloro phemyt
ether bromide (TM 25) in the rat grestly reduces the uripary output
of noradrenaline and to  kewser extent that of adrenaline Alter 5—6
days of treatment with TA 25 the catecholamune content of adrensh,
heurt and splern b comiderably redaced. It b inforred from the resutes
that TM 25 interferes with the producnan, release or storage of catecbol
amines 1o the sdrenergic nerves apd pamibly in the adrenabs.

Several contributions have been made during recent yeurs towsrds elucidating
the action pattern of the choline pheny! ethers, As a result of these studis it
has been d ated that some compounds 1o this group such as TVM6
(choline-p-tolyl ether bromude) and TM 10 (choline 2,6-xyly! cther bromue)
act as inhibitors of amune oxidise in vitro (Browx and Hev 1952 1936 Guete
wex and Werrs 1956) though not 1n vivo (Coxws and Gramam 1957) Tbe
catecholamine content of argans doos not scem to have been sudied after ad-
ministration of TM-6 but 1t has been reported that t does not alter the cate-
cholamine excretion in unne 1o the cat (Comnz and Granaw 1957) TM 10
on the other hand, blocks sdrenergic nerve actron (Exiey 1956 1937 Bareand
Frovpex 1936) Ithasa t depleting effect on the content of cat
wm the aup ) 'ofrmlhghwhmcp" _“daﬂym-ch\vtcb(CaﬂM-“"
and Exixy 1957) The urmnary of holamines a3 & € s,

Doctoral Rescarch U 5 Publ Heahth Service Imstinne of Meatad |
:;m Wm‘b:hnfm\nnqsunm Nortridee Ca¥
fornk, U & A

146
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Tabls L. Efect of intraperitose] ingiactsom of 4 mplkg TA-25 o orpax cacchels (pig) in rats

Coutrel Groop A Growp B Group ©
10 snirmals 6 days TM25 5 deys T2 Oume wrek afer
3 ekl (afver 7 dally o of treatment
i} of mBm)  whth TAM2S
3 agimals 5 aofeals
M A NA A N |a NA A
Sghecn s — - w | - ot —
Heart LY [ - — 05—
Adresals 0 o T3 0 | % L BRI

relative mexsure of the rate of rekesse, does not seem to have been investigated.
No depletion of the organ contrnt of catecholamines was observed i short
term experunents on gmnca-pags (Eviex and LomaTxo, personal communica
don)

In vlew of the marked effects induced by small changes in the compostion
oﬁhacmmpomxi-nmdormn:mmnndydxmnmmmtmdmmry

of il afterad donof TAM 25 thedichl

of T 10 which was kundly placed at our doposl by Dr W A, Bane

e

Metheds

Flvt(cnnknn('dghxm—dml)wmphttdm coummrunity cage and T 23
wat mjected dally for 6 days Intraperitoneally into esch &nimal in x dosc of 4 mg per
Ly in 05 ml satine. After thm perfod the rats were sacrificed by blow on the head, and
adrenal, splecou snd bearts anatyred for caterhols by the fluormetric technique of
Euixe and FLoorem (1935) after mancing and cxtraction with 3 per cmnt trichloroacetse
sad {Groap A)

In another serben 10 fermlbe rats were placed fn - examunity metabolisn cage and

winch were sscrificed by blow on the head.

Results
1 Effect of T\ 25 on xrnery catechels In Fig 1 i3 shown the eatechol excre
tion valoes In ngflg/hr before, during and after treatment with TAL-25. As scen
mlhcﬁgm:dx:drugdrnoaﬂyrtdmtdlhemtpmdhmhldxmﬂnclnd
Following o e adrenal ined Yovr
for several days, while nordrenalme tended to returm W control levels,
2. Effect f TV 25 on eorpen caserheols ARer trearment for 5 and 6 days with




L1

“BFBR BN

-

Tommmin
' ? s T » = 13 -] m
DAYS

ﬁyl Usinary catechols beiorr (10 aninly) duzieg (10 2sbnal) and ater (5 axtzeb)

sdmistaration of TM 25 foc 7 days

TN\ 25 the catechol content of the spleen and sdrenals was reduced to ap-
proamately 1/5—1/2 of the rating level (Table I) The heart apparently was
more ressstant to the depleting effects. After one weck without treatment,
organ catechols were returning to control levels, although the normal figares
were not quite reached

Discassfon

The results reported here have shown that TM 25 like TV 10 (Couriasp

and Extry 1957) dimianhes the catechal content of the adrenals in the rat.
" We have further observed that the spleen loses most of 1ts catecholaminies when
s there were cxarmuned at the end of 56 dayy teatment with TS 25. The G
. 1n catecholamines 1n the beart was kesy marked, however Sunuluncowsly « th
thexe organ changey, the uninary excretson of nomadrenaline and adrenahine
15 decreased As the organ contents sre partmlly restored to normal levels 7
dayy after of the unnary hols also tend to return to
pormal values.

It has been cecently shown (Scrarmo 1938) that 2 catecholamune blocking
agent, dibenzyline, in a dose of 10 mg/kg cames an increased unnary exac
ton of noradrenaline 1n rap and depleted vanow organs of thar ctechob
Brxrry Mazvrmizwicz and Meoviiee (1958) abm shomed that sympathetsc
b!mkmgdmgsmuxdmehammtmdmume.nam}ccuwd
adrenalime and poradrepaline. It o indecd possibie that these blockmy apmts
compete for metabolic receptor mites (as contrasted with effector receptor utes)
with = raultant overflon™ of catechals into the blood and subscquentdy koo
the urine, m 2 way analogows to that descnibed 1 1 firyt s1ep by Browand

Gorrermx (1957,
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mprumtmulumohvunlyh:mmmd:edlcadvhc:ympnhdym
agents, although TM 25 has been shown to bave a shortdastug adrenalyte
action (MaLxax ¢ ol 1960) If the TM componnds scted only s mhiblion
of amine cndase and blocked lrver imcaivation of adrenaiine {(Gromoae and
Wiriis 1956) one would expect an inareased urmary excretion of catechals
The decreased output actmally found agrees with the suggestion of CoorLanDd
and Exiry that in vivo an hibition of catechol synthesh may actually ocan
in addrbon 1o the blocking of the relexse. Tha achon scems to be on the adrenals
23 well m on the adrenerpe perves alibough the more masked fall in the norad
renaline excrenon in unne suggests that the grester part of the effect 3 on the
ldrmagkmmhfwﬂlumppuﬂrdbytbcdmﬁmthznlw
prevents the trambormanon of dopamine to in human o

tssue (Bare and Freroxw 1957)

This work ke boen wrpporsed by prant from the Smafish Medical Resoarch Coancll.
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Taste Functons in the Carp

An Electrophysiological Stady on Gastatory Flbres
By
J Roxnnrt and Y Zorrzmsuw
Reveired 9 Febroary 196)

Abstract
J Keeana snd Y Zorrasawax. Taok fuctosns tx the carg. An dectrs-
Mrreiagical ctudy en fustatery fdris. Actn phywol. seand. 1961 42 150—
161 — The dectncal respoases of the taxte fibray 10 crp (Cypromer
crpee (L.); were recorded during the application of varkous espid b
stances, A oo of the d ehcctrical

perve lancrvatmyg the gl aken showed that the palatal organ eeems
10 be the prnapal tsste organ of this foh. The records from the glowo-
pharyngeal perve revealed that the perve containg chemocepuy bres

wis 2 generally quite strong raponse to the appbeation of humans alva.
A study of the recovds from [14 single tante fibras from the glomo-
plarypgral nerve rovesled that the fibres could be dded mto soven

groun accordmg 1o ther rexponse pattern. Hyghly speafic (5]
N2l was encountered m 14 Sbves. Acete aod (0003 M) semed 10

stumulate all tate fibres, cxcept salt Ebres. Speafic resporse 10 w eak aod

way potced m 3 fibres. The Bbres wtoch respoaded to human salos nere

abo sumulated by sucrose cxcepx for 3 i, Touchmy th surface of

the palatal organ dd not sumulate xoy st fibres
In fishes reecptor structures resembling taste buds in mammab have bea
described by many amatomusts, These recepton are siuated around the mouth,
{nthcoralanty-ndon(hcgﬂnkuxuwtﬂumlnxbd:dwnomfﬂ}"’—
They are found purucularly densely tn the roof of the mouth of the carp, i
On bave Gom the Labowarory of Phymokgy and Ecologr Faculty of Fsberin, frefemnd
Unbreriay of Mo Ta, 3 hen, Japan
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tal organ. Tha argan s supphed by nerve fibres from the glomopharyngeal
‘::vt.ﬂnmm(lm)ﬁrnmdddccunlm&ummcﬁdﬂ
nerve of the catfish 1n respore ta various sapsd solutions applied on the barbeh.
In this research we have tried to obtam more detailed data about the gurtatory
mechanisms of a fresh water fah,

Methods

A total of 78 carps (Grproses copie (L)) whb n average body length of 28 cm were
redd 7 11 stody The fish was decapitated and the vagal lobe a3 well a1 the medull
y A by h

The test slutions were  ppherd by a specially made apparatis incorporating  ehgmal-
soltations tested were sodim chlarde (03 AN socmec

mabnly
(0.5 M) quinine Indrockloride (001 31) and acrne ackd (0.003 M, pH 36) m queow
sclutions. Some Gbres were alao tosted with solutions of mecharine, ghyceral (0.5 M) and
ethriene ghycal (03 M)
Rasults

Tetegraied cspems
Gherrpharyagoal wercs

Water hardly Jates amy of the ch ptors of thy fah, and espectally

after a previom nose with water The palatal nerve responded to all fou con-
ventional clascs of taste eubstances salt, sucrose quimne and acid  especially
strongly to acd and rocrose (Fig- 1) In all the nerve preparations tested, glyvenl
and glycerol also elicrted a posdtive responte, while saecharme gave a vey
fechle response 1f any  The respoascs 10 repeated application of a text solution
decreased, even if nterspersed with water rinses. It &5 partcularly notable that
huanan salrea had a strong effect on the and gave a much bager
integrated response than the 0.3 M NaCl and 0.01 \{ quinine sol uons. The
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m-pomcmﬂshngcr"dubmwuquhcm.chvmnﬁuaprwlmunm
vath water Water extract of tanth worm alio produced a positive respome,
and a boiled extract was particulacky effective, Milk (1 , drv milk in dailled
weater) aho produced a manive rapome. The mucous substances covering the
body surfaee of the fish gave & pontrve response. It 15 & surprising fact that the
chemocepiors rerponded, though in mmall degree, even to the water in which
fiah had been kept (Fig 1 N) The response to dilute solations s well as to the
water the fhh had been krpt in was usmlly found to nse rather slowly to st
m » sdowly declining plateas. It o {nteresting to note that the raponsa
sugar were pasatively phasic In both integrated and direct spike responses,
m spite of large magmtude, while these to sahva as well a3 10 worm extract
and milk tested much longer

Boida chemocrptive and motor fibres the glowopharyngeal naves connain
fibres whuch respond very selectively to mechanical stimulaton, as stated be
Jow The respome 1 touch 13, however nmach smalier in magnitode than that

ta chemcal cumulation (Fig 1 P} The oaost yeomtive area to touch seemed
10 be localized in the lateral pdes of the palatl organ.
Facal merm

The rexpooe 1o sapld sobtions of the facial nerve m this fih was quite wmall,
s m Fig. 2, 1 On the other hand, tactile stmulation cavsed reladvely large
responte. There iy bo doubt, however that all taste substances which strmulated
the palatal organ abo were able to produce pasitve reypoasa m the facial perve,
although t0 & minor degree. This smaller sermtrerty might be attrdbuted 10 the
small amount of chemorecepton located around the moath, A umaller sensitivaty
of thit nerve in respome to sapsd substances waa abo reparted by Haasrasn
(1933) in catfuh.

Breachial weree

Typkal records of the response from the branchnl nerve innervanng the
arx on gill takers are reproduced in Fig. 2, TE All apd substances
which strmulated the palatal organ peoduced pomtive responses also i this
nerve. Smnilarly to the glonopbarymgeal nave, the mont effectree simulant was
augar Of the two peaks m the record A in Fig 2, 1T the Inter one was camed
by the sugar soluthon flowing over those parss of the gill raker which were pot
stimulated when the smlutlon wes first poured out from pipette. Touch stimula-
ton applied to the rakers ueed & with similar 12
aid prod; raponse height as did

A erry cnseraatang the swmirel fix of the baiDhaad (Catins guadrcrrsis L)
Bcfmemn;,wehvcdnng'nnhuhcmnwvmuﬂﬁmdthnqtdu

may be capable of medmung chemcal perception. It was found, 1

that the fims did not respond to any spld subsmnces at all, not even

bt served #3 very senutive tactile organs (Fig 2, 111)
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From the cxperuments on fine strands of the glasopharyngeal perve contliniok
several active filres, two types of fibre w ere disungunshed  One fibre type shoned
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Awa 'Illililli”illi!ﬁ ni k‘
S 1 [ S

£ st I l

3. Resporn of merve under the Type I (b) o the
- ‘of varbouns sotunons to the palatal Record F_resporwes of touch Bbre
o the 0 the tacifle A tigeal sbhows the momsent of applica
e of the wext sottaon. Thoe In scc.

phmsle activity and the other gave perilstent activity In addition, it was often
chserved that some fibres did not display a contnuous discharge, but showed
grouped ducharges as in Fg 4

None of the taste fibres tested responded to tactile snmulation to the palatal
organ. The murber of touch fibees seemm 1o be relanvely srmall compared with
the chemoceptive filwes. Hoaotawn (1933) demonstrated 1o the catfish that
the amplrtude of the spikes from the facial nerve caused by touch Is much Larger
than that of taste fibres, and thus finding was confirmed by the present expen-
ments on the factal nerve 1n the carp. Such a difference m spike heght between
touch und tast fibrex could, howerer pot be observed in the
nerve of the carp (Fig 3 F) To discharge the touch fibres of the glomopha
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Fig. 4 of duyte oerve fibre clamefed under the Type J11 to the op-
mmmmmm apan. Ths » an cample of grovped disckarpee

r}'ngﬂ!navc,lm—ongﬂ’mcchlmalmmﬂlwnmnctdcdl}uu(bcﬂowd
_mapid solution over the palatal organ.

According to therr respomse pattern, ndradual palatal cb puve fibees
scem to be dhaded wato seven groups as will be scen from Table 1 Amony
these different fibres the Types | 11 and 111 are the most common. Weak acid
stimulated all types of taste fibres, except the majority of the salt fibres. Acctic
2cd m concenrauons above 0 01 \ (pH 32) was found to smpaur the sem Lvity
of chemoceptons to all kind of taste substances, or to cawc & temporary lowenng
of the semrmty
Toped
Thrs 18 the fbre type which responds to many taste substances (NaCl sugar
2cd, glycerol and glyeol) and even to human raliva, but not to quinune (Fig 3)
Out of 37 such preparatiom, only 6 did not respoed to saliva,

Typel1
Al kand of taste substances oved, sumulared the Sbres of tha fype but tn
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D atims
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& Aod
o i
of wogle perve fibre demided under the Typs TV 10 the ap-
ﬂ.ﬂﬂn: :iﬂmliolk oo, Noto the mpecibe rorparmee 1o NaCl, wod 2
Toposes even to ackd Time in

different degrees showing a great vanety of indrvdual response, In contrast to
Type I the Type 1T fibees responded posttrvely to quintne. Type I and 1T are
the most unspeerfic taste fibres 1n the glomopharyngeal nerve of the carp.
Tape 11T

This flboee type 1 ke yeed by it hugh ity to sweet tastng sub-
stances, and was very frequently fornd in the palatl nerve (Fig 4) Itabo re
woaded 1 aad ot dud nat cerpond to wit and quinine, Glycerol and glyeal,
which taste swcet to bumans, produced positive revponses 1 thiy flbre. Glycol
w1 aiwayr more effective than glycerol, contracy to the raulty of behavioural
studias reported by Tauner (1929)  showmg no response to glycol in his fithes,
though this mught be due to the difference between species. Saccharine seems
 have Try Ltte effect. It s particularly remarkabie that th human saliva
sclectively stimulated these sweet fibres quite as strongly as sucrose, and m some
cases even mere 20, Out of the 21 preparations, salrva failed to shmulate this
fibre type 1n only two excrptional cases. As will be stated bedow the fibres of
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FtﬁRdemkwmﬁmmwmmrvn e 2p-
phabon of varkoms suiothons 10 the pahital aqan Time m sec

Jthe Type IV \ and VII were never sumulated by salna. On one ocommn,
1be filre raponded slightly 10 sakt 1n addiuon 1o soerose, salna and acd. The
sumnlaung effects of the latter were, bowever by far stronges than thar of the
former On only oot occason, a funcironl smke Bbre was found w hich respoad-
ed 10 sugar as well a3 to qumime.
Tope IT

The fibres clamfied under tho tvpe responded primanhy 1ot slutons
(Fig 5 llunmucm.ugmumzlhu-mongzhclﬁﬁlmdthun?c”ﬁ'
stndied, all except two were pot sunmalated by acd at the concentraten
This 1 the onh taste fibre type which was msenstive fo weak acd.

T ¥
Tbcscﬁbmsrﬂpondcdlmhmqmnmcnnd;ad.ndmumrop«lrwmu
some of the monkevy fibras (Goxpox o of 1939 The number of such Ebres

seerms o be relatrely Jow
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Fbres which, surprisngly enough, showetd a vigorom response only to saliva
were but rarely found (Fig 6) They showed a very light respome to sucrose,
malt and ackd, ard po raponse to gumne.

Type V1

Only three single fonctsonnl fibres, which raponded to no other test solutions
than to weak scetic aad were found.

Tap water sametimes prodoced a respomse of fibres winch were spontaneomly
active and which were silenced by the applicanon of salive, and such & spoa-
tancously active fibre was silenced by the applcanon of 05 M NaCl, while
m-ctfﬂrywumhnadbytherppﬁnumufﬁj)[mh-ddmou
water abo prod & maod TODE reap when applied
hortly afier & previom application of aad as well a3 salva. Repeated sapplica
ton of water bowerer had no effect on thox fibres, n contrast to the effect
of repeated applicatiom of water on the tongue of the frog or the cat.

Thraholds determuned on the entire glowopharyngeal acrve for the different
taste substances were low The mlt thrahold was less than 0.0005 A, that of
sugar ranged from 0.01 M to 0005 XM (rarely 0,001 3M) and that of quinine
ranged from 00005 M t 0.0002 M.

Discussion

The palatal organ a3 well as the g1l mkens dmplay & difforenuated chemucal
scntivaty ag compared to that of the thin m general. Tha o in good accordance
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hnhtbedanedmrﬂmncmofuﬂcbud:inmnngnlndowﬁndhgufﬁhru
rupaudingtn!h:-pphauouafmam:anﬂqummclolutm,-}uchdom(
sumalate the endings of the comnmon cutaneow nerve fibra.

A comparson of the chemoceptive response of the palatal nerves wath that
ﬁ'mnlbencrvubmm1unglhchp,lhclnrbchmdlhcgﬂlnkmpmw
tbcxmpnmonzh:nbepuhulmgmnthemﬂmporun!gmm—yam
for feeding in the fish, It is quite interesting that although amphiluan frog has
water” filres, aquatic fish apparently does pot. The fact that water in which
fishes had been kept sumalates the chemoceptors while pure water doo pot
implies a highly developed gustatory sensitrvity In fish, Although we could not
as yet idenufy the strmulants dusolved in this water mucin and skin flurds pos-
sibly may serve as the effective agents. In the coanection st b interssung ©
note the bek I observations d g that fishey are able to detret
the presence of another species or of wounded fish.

The integrated respomes to salts were uszally rather smaller 1n magnrtude
than thase 10 sugar and cven to saliva. Ve cannot, however argue about the
ve comp of the integrated responses, because the magnitud:
of the revponse 1 mfluenced not only by thenumber of actrve fibresand their m-
pulse frequenaics but also by the sxe and configuration of the indivdual spikes.
The exstence of many fibres doplaying & broad gustatory spectrizm, as was
described above, directs the attention to the postibility of 2 umple osmonce effect
as the pnmary mechanum n producing taste sensation 1n the fah, Thy po-
1ibility bowever s ruled out becamse sugars are more effectrve than many
dectralytes.

Among the taste substances which stunulate the palatal organ, the most
powerful 15 2a1d and pext to that sugar Speafic acd” fibres seemed to be
few wn total number but acd sumulates the magonty of the gustatory fibres.

The effect of human salva 15 rather interesing In spite of being tasteless to
Pumans, saliva vigoromly stimulated many kinds of fibres in the fish, nclodiag
sweet fibres which were sometmmes sumulated even stronger than by sagar
To our surprne, we oven found a few fibves specifically responding to sabva
Salna, of course, contuns many substances, such as protems (Including 50
enryme and mocm) salis etc. But naliva does not stimulate salt fibees. Tt 8
rather difficalt to Wdennfy the effective substances becane af the com(p:;d
mmufnh\x-ndmupo&mwﬂfkdafrwmmlﬂmw
ﬁeaﬂmdmmmmmﬂsl‘hﬂwrm“m&hw
muh(tdnb:un:nm-u,ualradydcsm‘bcd.hunouhklhaubcnm
ﬁbruhmfomd(obclﬂmﬂhltdbylkmmmw““(ﬂ“w
salva,

It 1 obvious that the great mu;mryduncﬁbrﬂmmf_iﬂ_h:n‘t::]:::
mihmm‘nmwwamnnmnwtﬂuww

lh:quﬂmp'nnn}ytxm:gbtupbyﬁ
o{us,wbnhanmuﬁhrrm:gﬁxpunmmmcndlmdxﬂ'mmm"‘
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lpmﬂangmdlﬁﬁmtclnadgmmumunhithmﬁuﬂlwﬁnd-ny
for

the y effect of such stimuli a3 nyar salt
qmnmcundnud.ntummel&dylhnlhchmdmmmnvhyuf
these fbres m due to the of different ¢h sites i the ending

forilhes of the ndrndoal gostatory perve Sbee. Such an armogement wookd
tins be similar to Granit » system of dormumnators 1n the retina, Stnetly specific
taste fibres, corresponding to Gramt s modulators, we bave found oaly 1o salt
(Type IV a, 14 fibres) and to acd (Type VII only 3 fibees) and to human
agliva (Type VI only 3 fibrea) In ddition to these we have the Type V fibres
{13 fibres) which respond culy to quinine and sad. From thee findings it
po-ﬂ:kmpmtmnmndnnmcmhﬂngdxﬁ:hmdabq—au-ﬁh-lymghlwd
of gustatory discriminanon. Behawoural studies on fresh water fiahes have alwo
revaaled that thae fiihes docriminate between the four bance clawes of tastes
(Ucmoa 1933) Further the high sensitinity of the palatal organ to human
waliva, a3 well 23 to the mucom covenng the scales of fish, would sugget that
the taste of thowe fubey may eerve its specific purposcs, in addition to thesr ol
factory mechanim, m the search for food and in detecung other indivaduals.
Onrﬁnﬁﬁngufltdaﬁvdypmmmbcn{mﬁbrumponmngmm
tastng subemances 3 1n close with b oan frah
wm&h&Tlm(lQ‘Zﬂ)mdemmMyddxmruMnl
minnows (Phoows lsens) He determuned the threshold concemtraton for
saccharose 10 001 —0003 M while Ucsopa (1933) gave 2 valoe ot Jow xs
0.0002 M. The thresheld of 0.01—0.003 M which we found for the electrical
response by thos in good agreement with Trudel s figores. The thrahold for
sucTose M man B gencrally given as 001 M which implios that the carpa
sermbvity for  sweet” may be equally strong as that of humant The lower
threshold found by Ucrma may depend on Indrvidual differencer a3 well
on the age of the fith, We have cvery reason to tuppose that there may exust
s much of species and mdhndual diffcrences in fish ag there are between
mammals and it ts well known that a pike does not snatch  t & bait of sweet
dough as does  minnow or & carp.
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The Role of the Adrenals on the Mucosal Mast Cells
and Tissue Eomnophils in the Gastric Wall of Rat
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Abstract

Ristxxx T The role of the adirnels ou the sewcwcn! mast cells amd tssoe
canmephnls on the pastric wall of ret. Acta phiywol. scand. 196 52 162—
166 — The effect of ACTH on the mrucosal mast cells and twoc

The degranulavon of the mucosal mast cells in the gastne mucow of At bz
rapid and quanttatye process uader the nfluence of glucocarticonds. Vaneralo-
coricouds do not seem to ha ¢ a degranulaung eflect on these cells (RAsAszY
1961, The locaton of mucosal mast celly in the superficial part of the gastne
mncota where the htamine content 18 greatest (FELorerg and Hamen 1953
suggesns that hstamune conjugated wath the polysacchandes of the mast celt
granul the | depot of the gastric mucoaa.

The degree of usue eounophilia 1n the lamuna propna of the siomach may
incremse (WEGELILY and T 1938) or decrease (RAskxay 1960 8) afier 2
gucocorticord njection, depending presumubly on the mte of conophil oo
mpummtbcmnm-muh:cdmxbchmuupmprumdm;htm
penaung capacty of myedod and posuble local l"ﬂm"ﬁ I
rebeased from the uues under the mAvence of glucocorticoxds (Sam-;:tw
1954) cames a drop in blood conpophiles immediately (Dt~ix and

162



ADRENALS AND MAYT CELLS 163

Toble I Nwober of seacesel mast colls ond Uit susingphils 1 tiandard orror per sq e m the
prstric weall of inact omd adrenalectemizrd rais with ond witkest ACTH-therety

Adrenalcctombed Intact
ACTH | S AGTH fuiina
AMaet el suzio | 13311 a8x s | sz
Eostrophl 1y 9| a7 L6y | 2350118

1958 Roux et al. 1938) or by occasionung the clease of endogenom histamine
through stimulanion of the pturtary-adrenal system (Havreax and Biéxes
1951 Lrcowrx ct al. 1959 Zamatziax 1999)

The conjugation of glococorticoids takes place to a great extent in the
gasirolntestinal canal — the reacton o inhibeted 1n dantestinabsed rats and i
retarded when the portal circulaton slows dovmn in bepatic cuvhost, It has
been establubed that n the latter case the respome to Thams
test 18 aho reduced (Vamt and RAMACHANTRAN 1938)

ACTH has been established earlier to have a degranulating effect on mucezal
st cells and a red infl on timae hila (RAskwaw 1560 2 b)
mmmymmhm“dm-Mmmm
mucosal mast cell count must perhaps be expected to rise after adrenalectomy
when corticoad secretson o absent and the tmoe cosinopemc effect i inhibited

Method
lhl nn,-;elmmd-md-dgmhs—m;.atntwlcy$mm!nwacmcd
-y

Results
The eell count k given In cells per square millmmetre of tiwwe. The value
areshownIn T hleTand Fig 1
Metachrommatically granmulated mrucmal mast odls dusappeared almost
completely 1n intact ruts green ACTH (P < 0.001) probmbly owmng to their
degranulation. No degeerative changa were danonttrable in the puda of
cven extensively degranulated mocosal mast el A corresponding degranyla-

ton under the mftoence of ACTH was not establnhed In the submucosal mast
celly.
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The degranvlaing cffect of ACTH on mucesal mast celly seemed 1o be
anhituted afier adrenalectomy (P < 0,02) Although it was pottible 10 thi growp
to count mast cells 1 the stomach of two rat anly 10 which no superfiaal
mucosal lerons oocurred, thewr mucosal mast cells did not reveal even partal
degranulatson or vacvaliauon, both of which were 50 profine m the ruconl
mast cells of the 1oact rav treated with ACTH. The amount of mucosal mast
cells increased (P < 0.05) after adrenalectomy and ther granulston wa
mtensve.

Timve coumophiln dinunshed very duuncily (P < 0.001) dunng ACTH
therapy n the basal past of the lamma propre. Tho disappearcd
afier adremalectomy and even changed to a slight wcrease (P < 0.05) Io
adrenalectomred raty

Discussion

The increase in the amount of mucosz] mast celbs and the mienuficavoa of
thar granulsuon probably ndiate that the connumption of polymechandst,
contamning glucuronsc acd, under the tfiuence of endogenom glucocortcosds
m the untect anumals o wnhibded afier adremalectomy The mucosal stores of
mant g les which are aug d 1o ths mpa-hlpu.blcmbmd
pa!aqmwaufhmmme.ﬂwummta{bmamnemmdlnnﬁ:mﬂ'
ectoary mﬂymﬁcpmumamdandm“m:pdlmm”)

Am{dcgnnuhtrdtbemwunlmmccﬂ:bxfymh}rdmlk

apcmcuulmoddlﬂdaytﬁnprmob\wngmﬁmqbﬂ;
buted to




ADRENALS AND MAST CRLLS 165

Glucocorticolds stimulate gamne seeretlon (Gray et al. 1951 Pracvos &
Prasers 1958, Praruas 1958) and abo hotamine liberators (PATox and
Scracrres 1951 PrcoALpoa et al. 1958) The stumulanng effect of hstamine on
gastne secrenon i mhlbded in Addion’s dwesse (Trosx ct al. 1951) Ith
posible that the stmulation of the mucosal parenchyma takes place through
the elemse of the histamine of the mrucosal mast cells, Tho sumulation
probably 90 Immediate m the mucosa that anthmtamines are incapable of
1nhibitng it {HavLreax and Maxres 1946) for imstance, the stimulaton oceur

1956) The degranuiation of the mast celh (Hoaszra and Uviks 1957 Uv~dAs
et al, 1950) and the hustamme release (S21hov et al, 1960) are abo 1ohitaied
m the same connechon.

ACTH caused a fauty complete loss of tiwue connophilia. This lon obviomly
occurs also through the sumulation of the adrenal cortex. The drop 1 blood
connophilia 1 dependent on the amount of ACTH (Srems et al. 1939) and
tmue comnophilia of rat stomach decreases in eorrelation wth the amount of
glucocorticosds (RAuxax 1961) Timue connopenia emerges, honever more
slowly than the cocresponding degranulaton of the mucosal mast cells. Pro-
longed ACTH thorapy causes m man retention of cotinophils in the blood
-ndh\hihd.nnu(rmmmnm()bnomlsﬂ) probably because of

the di sthon of the p ine depot of the timoes.
Bhndwdmphm.nbwutdmlnmmd drenal ran by injecil
e foregn serum, balins and many ds (AscHRENASY 1959)

vhl:hmhnnmkmﬁhcnm(PAmmST)imnth:grmmmcdldqxnof
the abdominal cavity Tbcnmcdxd.uulwmtxpmbxhlyocumlndxm
mmucoss. under the inflo of ACTH: lated glucoc

of glucocorticouds — relaase of h — eosd S Tath
parenchymm is anociated wath this cham of events.

d‘d::

This mody wis alded by grwmt from Saoex and Axx Griuowsa  Forndathon.,

References

A, Same now data on the role of the adreml [n the regulaton of
blood eoomophil. A b T Acmd So 1958, 77 ST4—SM,

Baxriar A- L. atad 3L F Locxorr Efiect of stroaleciony oa tmue kisamine m ran J
Pyned. (Lod.) 1959 147 51—57

Doatx, H aad B Poo.ow and krococytes in bload diring moscalar work in mas.

St ] cm Lob Imost 193 19 Y4399

Frooesag, W 45d G Hanxs, Diseritotion of hlsamaloc b the mocom of the gaatric iacatinal
tract of the dog. J Piyriet. (Lowd) 1953, 120 352—364.

Cax 8] JABrwo R W Rmmndun&no,anuﬂemmﬂpep&-ku
N—613013 Acta phyussl ac wd J ol 52



166 Tang RALANEN

Xmmdm(m)nndmmmkm

147 13291537 T ey i e 1331
mkna&&mwhr&iw de Phistaneion
p&y-cdnnledzslcn!.&k.kbﬂ (Parts) 1951 m.m—- e e
Hazrmes, B N. e1 ] Aaar, Prodectk dnicm et wtriqots per
duhamdvud‘hmmh-chskmhrepmlﬁl dawkhu.nhiq\n.

Bisl. (Parls) 1945, 148 850832 il Gr=
Hoaxxaa, B and B. Uvits, Tho mechanian of the disuption of mast el com-
pound 48/80. Are Aprid, send 1957 41 345368, prodecedy
Irr ACadK W Lunn,hﬁno(l,l‘l-ulmhﬂ.hmln‘mmkmﬂhh']

Phriel 1960, I5E 5H—512

mlﬁuwc‘wmmaupmvm.&mmmw
Libération de Mhistarmine endogine chex Phomoe. Ade oary (KAL) 1959, 16 291193

Alrvazzt, A, Trattamento protratls con ormone sdrenotrteotropo ad atthvia rittrdsts com-

Pator, W A D and M. Scxacwtin, The iBocnce of an antthituine drog an the rese
of hirtamine in the tnaneextbetised dog Brit. ] Pharmecd. 1351 & 505513
Prazxaa, I, Linflucoce de la predaisolone sur fa mssquewse guetrique du rat bline worésah

Pron mid erpem. 1958 u:us—m&
Pramos, T C. and A. ] Pamuareg, The effect of prednbsonce on gastric seorction sod urioc asd
oropepain excretian (0 the dog  Gastranicredegy 1958, 35 j83—(88
RAsharx, T., Long term eficrt corticotropin, cartisone, and growth bormone on the theue

Riakwenx, T., Musotsl was cells of rat siocmach  Influence of ACTH, cortrooc aad prowth
hormone, Gaxrestersiagy 1960, 14 7073

Ravixen, T Quantitative cffect of some sterald harmoncs an the erucof maet celh and Goe
wostnopidl b the cat chocmch wall Ao ey (KA} 1961 %7 153158

Rots, L, G. C Coxacor &t G Bawaam, Les variatkons mamdriquos des éotinophules curraledt

} apets injecrion Tuatigtae, d'hivaming ou de Sbydraxytrypmmine fow allry (Rbh ) 1938
12 §27431

Sourzx, R W R L Swnsy and K. J Durm, Tnhibitln by covtoone of badieg of s
hesameae in rat tiscs, Poa. Soc oxp Bwl. (N.Y ) 1934 47 39032

Sremxs, R. S5, H Paszrousarx and J. Soiiivax, Amay of ACTH scin 1y beard o6 the cotmo-
penic respome m nocmal and & tred miser £ gy 1953, 57 300310

Smadovt, T, A Koviz and B Caans, Effect of bypotbermia on blstumion reiese oxdwed by
epeephring infinwm. Ay T Pprel. §960. 193, 172274

Teowx, G W P H. Fousan snd k. Extxscv, The dlagoors sad trestment of sdreead

2 ed Charks G. Thoma, Sprusgheid, 111 195

Uws, B., B. Duascaxt B Hocaso sod L L Tracv Mechanumm of mam-cell denptain usdoced
by pasople extracted fro sscans miu. dmer J Pysel 1900, 199 573370

Wam, P N aod & Rasseraxonan, Adremal corial o i porta) crrhen. 4 4 4
drck Pk 1938, G 482486 -

W gorrey, O. xnd K. Tem, Tbe effeet of conone sdreasiecsony aad Bypopimerar o
o coabuopbil coumtt @ the glandular eomach of the rar Lk ke (L SRL
97204,

z,\:um»-.\ L, The rok of bestrsmne i drug-mdeeed it aced roessepenls and the bincheg effects
o tripekmesmine bydrocklonde 7 s Pharmeand, 1973 1 613637




Actn physiol. seand. 1961 52. 167—170
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Department of Histology Unrvendty of Lund, Sweden

Uptake of Dopamine by the Storage Gramules
of the Adrenal Medulla in Vitro

|

Axe Bewrixs, Goara Haur, NuaAxe Hosare
and Evap Romeones
Recrtred 1 March 1961

The wmune verms to be bound 1n the graoale but b
rdnmimr-mdtlyidth:mnnlu.

Dopamme (DA) » rapadly taken up the amine storage granubes of the adrenal
mednlla when formed o sime 1n the cellt (Brzrren, Hosaxr and Romoones
1960} It has now been found that these gramules are capable of incovpacating
DA also = wire

Material and Methods
Ammoe grumoles from cow adrenal medulla were balated in 0.3 M sacrose as deseribed.

(a g

clloride 40, chiocde 5, -Amphn.ph.n(pu

7.5} 15 and socroee 180, The pH was sdjated to 7—7.5 with potamium carbonate fo-
before the we of the sohtion. Tncubation was withoot shaking =t

performed withoot
+ 31 for ane bour after which the supendon was chilled ta 0* ditoted 40 times with

167
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Table I Totl courts of caiachelemines ¢ the sepernstont (Sup | and fu the gramly sefivns
{Gm)#hmfl—m---ﬁ-ad‘&-;lu

After the dncabatm the granale sxshoncms wrre either direstly contrifuped o fist dilvicd 40 trmer
a0k 0.5 AL rucrasy (v @ 1 M sucrene for eomtic {71i3) ond then conirifuged

Ince-  Treatment aftr Gell A A Chasgas DA A+
betion  the facubation fractien pig 5 in e +DA
temper A+ NA I3
e HE
f Sap. pr:d 100 13570
0 Do dilution | Gas 2030 1300 168 3é0
0" Diuted 40 x Gran 2050 1400 3w
f 8op. 4.3 m 460 %0
T3 e difetion [Gan 1730 120 —s0 395 15
+31  Ditwred $0 Gran 1630 L1500 460 139
431 Owmotle hnls Gan 13 b »

cold 0.5 \I sucrose and centrifuged t 38,000 X g for 30 nm. The eatecholamine con-

tent of the granule sediment snd of the apermamnat war determatned
Caxraoy and Roawoxe 1938, Caximo~w and Vharpecx

Huodtmetrically (Berrixn,
1958) To ottam pure amine grasulo, demity gradwent centrfuganon of granule io-
cubated a3 deseribed above was made by a method previowsly descnbed (Hotaxr
1358a).

Results and Discussion

Large amounts of DA — up to about 20 per cent of the amounts of adnenaline
{A) ~ noradrenaline (\A) 1n the granuels — were regulasly recovered 1a the
ygrapule sedment after an incubaton at — 31 for one hour The data [rom
a typreal experiment are found w1 Table [ That thes “bound DA had m Dot
been taken up by the amine storage grapules was shown by meam of deosity
gradient centmifugupon. The DA shomed the same dombution sy that of the
storage granules. About 30 per cent of the DA &8 well as of the A + DA »38
recovered w the sediment contaming pare amne granules with the hughest
dennty m which the amines are narmally stored together w th ag equivalent
amount of adenostaephosphates (cf. Hirarr 1960 a)

The experments indscate (sec Table 1) that DA — just s5 A and NA —an
penctrate the granale membrane from without at ¢ and reach abnut the e
concentration i the ntragraaular water as o the mediam. At this 1empeTstsrt
hountronhmlllmounu——Jwrnnﬂ—o{DAmmmqmnwdm

¢ with provious findings (Caxussay and Hriaxr 1938 Hurarr
1959] The fact that the scorage process o wnhibaied nlovrrrl.n'npr‘ﬁlﬂ?:
does not necestarily mean that st 1s an actwve energy-utilinng procos. los
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ﬁ:thmﬂypmb-hlnhnthhphmuumdby-dnngﬂnd\:nm:
of the storage complex (cf. Hrrrare 1960 b) At 0 the complex may well be
more condemscd™ and thus prevent amincs from penetrating it

The experiments dearly show that at + 31 the granules are capable of ac
curmulating DA even agunst an app gradient. The meor
pocated DA i “bound” in soch a way that it s not released but held foc at least
24 hours if the granules are kept smpended in 0.5 M sucrose at 0% 1 spate of
a very high difference of DA concentration (mare than a hundredfold) between
the granules and the medm. Since it docs not seem powible that an actl ¢
transpoct mech 1 rexpoansible for the mal. of the steep
tion gradient, t seerms reasonable to awume that the amine b kept In & bound
state, perhaps m a way similar to that of the stored A and NA. There 13 another
striking mmilarity between the ways in which the three amina are stored,
sinee the DA — fost as the A and NA — n immediately released om oxmotic
1ywus of the granules (Table 1)

Fxperuments with hation media of difTe P have not sup~
ported the vacw that ascorbic aad, magnatom chlockde which usually
were included, are emential for the amine incorporation. Adenoninediphosphate
(15 p molesfml) had no obviows effect. In fact, DA was readily taken up from
a solution contamung only DA—HC In 0.3 M sucrose (nentraized with pows-
mum arbonate}

Even when large amounts of DA were incorperated in the granules, no in-
crease In the total smount of stored amincs was obterved (Table I) On the
contrary & los wrually accarred, This b endly wnderstood on the bass of the
fact that the stored A and NA are released when the granules are kept at elevated
temperaturey (Hitarr 1838 b) In the present wock it was found thar thia
spontaneous™ release it not matermlly influenced by the presence of DA In
the sopension medum. Thus 1t i not possible at present o declde whether
the storage of DA is a result of an exchange between thss amine and the stored
A and NA, und not even whether the two procema storage of DA and release
of A and NA, are coupled together

This work has been aupported by grants (o the Bweddhh Medical Revetrch Coumedl, the
Alr Forer Offica of Scwntific Remarch and Development Conmand, Ustred Seaies Air Farer
and by  grant (B-7834) free the Unlted States Public Health Bervice,
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From the Departments of Plryslology and Clmical Beochemistry
Kumgl. Vetcrintrhogikoban, Stockbolm 51 Fweden

The Fate of Uniformly Labelled C Fructose
in Different Parts of the Brain and
the Pitgltary in Goats
By

S116 Lanmsox
Reeeired 3 March 1961

Abwtract
Laxmo, & Tie fals of wmformly Lobrltad MC fracies in

differences are discumed in relaton to the maportance of the pentose
shunt.

Bnm—(hund:L(leS)hxvuﬁgm:dﬂxﬁt:o{ Clabelled fructose m
slices of 1t braln by meam of g Tadio-chr pby Mo dif
famcuwercfomﬂamp(farngcnenﬂylowtrnmbd}mnmdm
glucose, Further previows studied have shown that marked differences eost
in the fate of »C-labelled glucose in variom parts of the bram and 1n the

antenor and postenor parts of the plimtary (Ciam, Lasmow and Pocoman
1960 Axprrmos, Lasmow and Poccmamr 1961)

The prosent mrady wat undertaken to sea If the vanous party of the brain

and the puruitary abo showed the above mentioned differences when fructoe
was wed iostead of ghwose,

17
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Tadle I Ovpen sptoke CO and lactic acwd formitm i 4
iy ot ot ik C s w o e e bl e

Rmtnawt-:duﬂlnfmﬂmupﬂk:paﬁuqo{t&n:(-«n ser | & Incebae
ton In O zJ?’C.aJ.mdhcdc-:ﬁcxpmcdumfmw)dmmcmd.
Mm&ﬁmwwﬂaﬂ:ydm«.mwmm
condslors mntloned  bove, Froctose or ghucose af %3 ot madi

16 2C por ol Mean values L v oo Vakuey whhin brackets derived from Axtwerery
et al (1961}

Differences satuticafly significent # < 0,03

Tisroc o co, Lactic ack “o. of
exper

FPeriventr area Fr 333426 4508 3120 s
GL  (mytsn (M9 10) (12371 "

Ventroocd. area ¥ 22140 49224 6228 3
GL (40 13) (1084 19) (8149 10

Cercbal cormex Fr $30£ 41 92+ 16 234222 ]
G %2+37 108414 03397 ¢

Pocterior ploakary F %213 52218 B4 H
GL L2 (87 = 16) (sxsh) ®

Anteror plittary F 0Ly 0401 5318 ¢
G (261 +285) 303} (303%13) sas

= difforencer stacistically sigificant
GL ~ gluooee, F = froctose

Methods

Genenally labelled ‘C friciose and WC glocose were obtaloed from the Radmo-
dtmm]Ca:lre.Amcnh:m,Enghnd.ThrMm!nn!huddmcdlﬂlﬁ
/ltptnﬁcmrrmd'zﬂpCpcrmg

The ncubation medium was the qame as that wed by Avnrxmo o & (161}
phosphare bufler with the radsmactive material 6 0050 M, contaming 16 mG maole at
pH 73 Aduhf:ma}e‘mndcddbhmwmwdinmcupemmmwm
were knlled by decapitson and the samples dmsected ot as qouckly as pomble

The followmng aamples from the braun and the pindmn were taken

I Perreentrrcular tause

2 Ventomedal e

3. Parts of tbe posterior paturtary

4 Parts of the aotersor pomtary
- ledlhecrrehﬂmct,ulmmeduﬂrﬁﬂaudﬂwtht[rmulh!ﬂ
Parzt 1—+ included the tame aress as described earbyer (Avpaxmos of & {171

Alwer racutanon of the taue for oor bhour a1 37 C——l.bcrvpb.lrbdﬂi?:;
g — the ampla were teated m exsctly the ame wa o ntbtd’:;l"“

oy
(CuuﬂnLlBGD.Awu.novnaLlBGl As 1 the previous o em
conmmpoon was mesnred every 15 oun After mcubaton the DT Nag o
mﬂmrdandprmixmed-uhma,udomkdby\nmmﬂwmu(
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Tekle 11, dmine acid formatiom from wtabelisd 1C fructess or +C ghwsse in dferea pasts of
G brcx e Lhe prtacitery

Romlis cxpremed 1 H&mw;hn-emaudpuﬁudlhm(mm.).nu
1 b lacobation bn O, st 3T° C. Frocwee or ghotose 01 % wtal
lD;qpuvmd.lh:-nnhn-‘-L:.‘.\nhn-Mzh bﬂchﬂdﬂhdlwm
« al (1961).

Differencons statistically significant p < Q.03

Thesoc Alanise Aspurtio Glatamec | GABA Gluamine Argioine
acid acid

Pobor F 8901 0501 29104 22103 LY 03tal
e GL (08k0d) (0%=01) (60107} (3sX03) (12403 (09102)
\ eatromad. F 103002 07202 3204 23103 06 trace
aren GL (13£0%) (05£01) (44208) (25203) (11£02) (04X0D)
Codrnl  F astol 11404 40108 10+403 [ 2] race
Cortex. GL 14205 08101 4108 13203 13204 trace
Posterbr  F astol 0301 441086 g0 a3 0301
pitcitary  OL (87:£02) (08201)  (£1405) (101003} (07:00) (0.7102)
Anterioe F al e al - [+ (13
pltuitary  GL  (09401) (041003) (0710.) - (09102) (04L0)

- dificrencrs stathaially dguificant
GL = giomw Fr. = frucoee GABA — 7aminobatyrie scd
Number of expericm the same = a Toble L

The racioactive metabalstes fxrmed from the glncoss and fructose were sepamted
byp-pu.dummmphyudaaa;udmna(muﬂd.wm) All chromatograms
& modlf

tively by thc scanntog device ac
cu'dh;tnl"lmdd (|959)

Results
Table 1 shows the oxygen comsmmpton and the formation of CO and laene
acad in different parts of the braln and the pitmtary when the samples were
incubated with *C fructme or #4C glucose. The “fructosc™-valna were generally
lower than the  glucose™ mimptfatbevﬂmmth:mymcmsmp—
uon the diffe ngnifi When the thrue was in-
Mm&&mdzmygmmmmpmmkmuthnnwbmmhud
with glocose, In the hypothalamic samples and the timne from the postenoc
putuitary the decremse m CO and lactc aad production was ementially the
mme when fructose waa present in the substrate, Ty, the CO  formaton
for these thres parts was caly half, and the Iactic acd formaton about ooe

cortex the decrease when umng fructose was most pronounced In the lactic
sod prodoction.
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Tabls IIT The
(wm-lfnv{fr-wucfmn iC placess in the colis of difcrent parts

Rauluerpn:tdu/quﬂmeorghmepcrﬂm'u{thue(mn after 1k e
cubation in O, t 37° @ Fructose or glucose 01 % total ‘) brity 10 1C
per vesel. BMean valoss 2 em.

Tiave Incubation mediem
1O fructose *C glocos:
Free fructose | Ghocose  Free glooee
Sormed from
fructose
Periventnecaler grea LK) 02 83413
Ventromedial ares 73108 (L] 1384
Cerebeal cortex &7 L08 o 8147
Posterior pisuitary 183425 05 3£ 14
Anterior pitaitary 3+15 03 120+29

Table IT shows the amommts of *C fructose and ! C glocose converted into
the varous amino acads, found afier extraction of the smmples from the dd-
ferent parts of the bran and the pitary Generally there was a decreased
total amino acid formauon from the fructose m the medium a3 compared to
glucose, Thus was parncularly evident m the samples from the antenior prtvitary
and from the penventricular tissue. In thee parts the amino acid formaton
from the fructose in the medium was so small that :n the anterior pitultary
not more than traces could be found. There was a tendency for Jowered coo-
vemon of fructose into gl sc1d and y butyric aad in all sampla
)nud:cd (except for glutamlc acid 1n the postertor ptaitary) The formatson of
alamne and aspartic acddd did not scem to be changed when fructose was
present 1 the medium compared to glucose. Due to analyueal difficultes in
scparating 'C fructose and ‘C glutamine chramatographically the yalues of
the amount of fructose converted into glitamine were not a1 rellable as desared,
It seemed, however that the amount of glutamine found in this case was les
than the amount formed from glacose, Table IIf thows the tendency for &
greater accumulatson of the fructose m the cells as compared to the glucose
expenuments, The same table abso shows that *C gluceme can be formed and
found in the cells after incubation of the samples mith € fructose. In additom
some glucose was abso found In the incubation medium In these experiments.
Generally the amount of unchanged fructoss founsd in the cells afier Incubaton
wat about 20 of:bcmd;mowuo{ﬂ—mmcdazppudngﬁmthemcd"nm-

The radicacuvity found 1n the msoluble rendues afier focubauoa wih
fructose were not ngnuficantly different from those formed with glucose.
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Discasslon

Mclrwarx (1933 a, b) stodyny the posible role of froctose o3 a substrate
for th braln, found that the respratory rate of certbral cortex with equamolar
mmdmofgiuma&wmcvuh:gbuwhhglumxmm&m
tose, provded the of the two Tub
SmMutlm‘Inth:prumtapnmuwhcmpamothu-thmthcum:brﬂ
cortex were abo stodied nmilar observations were made. While the resperatory
exchange of the cerebral cortex was only hitle affected by fructose in the present

the differences between fructose and glueme were more pro-
nounced, in the otirer party stodied with the exception of the postenor primtary
Thus might imply that the hypothalamus and the anterjor piturtary in parte

nlar are more depr on the end wupply of oxbdimabl

when fructose is the subatrate than when glucose 55 present in the incubation
medigm. In thn commection, however it B of mtrrest 10 note that the *CO
formation of the anterior pitmatary in relation to axygen consumpbon w abo
very low when gincose mstead of fructose b present in the substrate (Table 1
and Awnrrwo o of. 1961) From the valoes obtained from the glucose experi-
ments 1t bt further cvident that m nire more than 30 % of the CO formed

formation that both are wseful substrates for the difierent pars of the bram
and the posterior pirmtary

Brrorr-Caam o «L (1935) incobated brain silces with *C-labelled fructose
and found the same gencral metabolic pattern 23 when MC glucose was used,
Howerer they found the overall metabolm was bower for froctose than for
glecose. Further ¢ has been demonsirated in intact animals that tbere s a
Hmted penetraton of fructose mio cerebral tiwoe (Stoxr 1938, Kixme and
Ousare 1947) After parenteral admmutranon of UC froctose the uptake in
different parts of the brun was lower than for glucose (Lawmox and Lre.
XOvIXY m prass) The upiake of labelled fructose a3 well as of gincose coald,
bowever be 1ncreased by the deprivation of food. In the present experiments
the coaversion of lbelled fructose mto CO and lactic acid was connderably
Iower than when glucose was used. Concerming the GO this was particulardy
prmotmccdmthemnplnﬁ’mndxhypmlnlmmmd&vmdxlm:dm
priwitary  As mentioned before the valua for oxyxen consumption and th
"COpudnalunnncrmcubxmnwh.hhheﬂedﬁ-ucmemduudnrdmv:
incresse m the utilk o idisabl Further in
mmmmmmmdmm‘nngnhhu“chmujd
formanon wath froctose it has been found that 1o cerehral twue fructose and
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mmmwddhnncumpdlyuﬂngiumbutlhlthghum
tiom are Tequired (Geroer 1940 Mrveitor and Wissox 1948)
Brioer-Crax of o, (1955) found that spproxmatcly 18 %, of the total
fructose uptake by brain alico was d for by free unchanged fructase
sn the cells. In the present expenments the same observation was made, The
corresponding figure for the ccrebral cortex belng about 14 ¢ but In the
apterior pituitary the amount of frec unchanged fructose wws consderably
higher When calenlating the abol of free unchanged fructose
in the cells of the duferent parts studied there was no exsential differences
within the brun or between the two hypophyseal mmples. It therefore seems
reasonable to amume that it is not the transport mechanim for fructose sug-
gested by Barracus and Raworx (1959) which o responsible in this case ke
the differences observed In the fate of fructose and glucoe in the vanow
mmpla studied. In gecordance with the findingy by Berorr-Ciam o &,
{1939) small amounts of ¥C glucose were formed from the labelled fructose
m the medi ‘The explanation for the diff in fructose utiluation m
the different semples studred ks not fully estahlished. It should be pointed oet,
however that evidence has been presented for the cxntence of & hevose mono-
phosphate pathway for glucose cxidation in endocrine organs (Frp o o
1960) Further with the same experimentsd techruque wed in the present
study these findings are supported (Hrrtsan and Lazsmox to bo publshed)
It also secms a1 certain parts of the hypothalamums should bave a more actne
pentose shunt.

In bran slices, Brrore-Citary o o, (1955) found that fructose qualitately
folloyved the same metabolic pattern as glucose, Thus, bewdes a genenally
lowered conversion of fructose into the different amino acids, no dotribabon
differences were observed when compared to glucase. In the present expen-
raents thy observation was generally confirmed. Certain dustributon differce-
ces exuted bowever with regard 1o the amino acld formaton. Thus, in the
perventncular wsue and i the anterior pitwtary the converson of fructowe
nto gt scxd was pe ding at a parxtively lower rate when com-
pared to the other amino acids found. As rocationed previously the apuno
scid formation in the anterror pitwitany from the mediom fructase wasy very
Jow abso for the other amino aads. As was the case for the CO formavion In
this part a corraponding increase in the  endogerows foenaton of the
amino acids could take place. Except for the antenor ptuwitary the decresed
convertron of fructose mnto amuno aclds was ks prenounced compared to the
wrymuhddctrnxmco,andhnk:adfonnwonmmoﬂumﬁu
studied. Tt o thercfore potnblc that the amino acid poo is very Hittle affccted
by frectose m the subsirate compared to ghicose

The work was supporicd by grmn fmﬁtﬁwrd}\h!kéhlxmn‘hw
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The Influence of Rapid Injection

of Concentrated Potassium Chloride Solntion on the

Cardiovascular Functions of the Cat in
Respiratory Disorders
By

L. Axrita and K. Harmaca
Recehed $ March 1903

Abstract

Avmiia, L. and K. Haxmiara, 7iv cyleney of raped spection ¢f
Wﬁumd&n&n’-ﬁ--&w&nﬂaﬁ-ﬂmqfﬂt
i respiratery diprders. Acta physiol. scand 1961 52 178—184 —

tﬁmdcmmmudmcbhﬂtduﬂmmlhewdwrmhr
ﬁmdnnnfdwarhubeenmdledwdamuph)m by'rnd:.
and by
between 330—670 meqA ndlhemul mmrm}«mdbﬂm
0.33-067 meqh or 0 15—0.35 meqh /&g b w The blood oy gen
mturanon  nd pHl a3 well as sernm potasuum coatent were antdysed

ii

dwtkd doc not ppear to br so dangert,

at jeast In

dogy changs

Respiratory disturbances have shown to aause
that potamum b mobilucd

in the distnbutron of potamium It has been found
from the cells during thue anoaa {Derom and Mooxe 1938
1938) in roprmtory acdols (Scumvem ¢ of 1954 BumreLs o

178

Ao o &f
ol 196) and
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dunng respun alkalosns (Grosmt of of. 1955 Hroxaw et ol 1936) Muoterx
di(l%&)h:cyd:mdthempon:ﬂmnimnd:ubdnadmm
th:mygmhak(hxnth:mboﬂdbxidemhmwtinthcpoﬂdum
has been shown to take place In pure resperatory acdoss (Scameen o of
1954) Inhw@chMuMﬂb&nmﬂeo‘&ctﬂu’umd
the cat towards acate ted p njectiom durmyg variows re
spiratory diturbances.

Material and Methods

Cats of both pexes weighing 1.5—4.4 kg wero necd m the cxperrents. The material
v divided into two grapa In the first one the potesmium tolerance was etudsed in
the sme cats subjected 1o different disturbances. In the other group oach cat recchred
th same potmsipm Infection under  certain disturbance coodition.

talning different ya
mixtures, These were in the asphyxia experments 7 % O, 13 % CO, md 80 % N
in the anoxta experiments 7—10 %, Oy, 0--3 % CO, and 7—50 % N and in the hyper
capalia cxparments 2080 % Op 13~20 % CO and 0—67 % N The expration
wia conducted by meam of vahros tnto the room it It was also posdible to allow the
et breath through the yalva regular room alr

The IT lowd was wsed in the ECG reglatration, The presere wery mad

was introduced throogh the femoral wein 15 cm to the inferior caval vedn, The potas-
um was scdministered through ths catheter

From the blood smples the {n, axygen ton, dh

tion and the arteshal pH and who in some anse the blood arygen and earbon daoadde
contenty were determined.

Results

General. Prehrmumary expermments were performed on 3 cats which were
exposed to ssphyxis and bypoxia over a period of 60 min by urng different
s mizxtura. By reduang the axygen coatent in these mixtures to 7 ¢ &
marked drop down to 75—52 per cent was achieved In the axygen mturation,
The results were similar after 30 and 60 min with regard to the eardiovasaular
changes and Iaboratory analyses and the cats tolerated well the eondition.
Smee it has been shown 1n dogn that axygen s barmful In resparatory acdom
(Mrirxx o ol 1552 Boxmwan «f ol 1854) pure axygen was given to these eats
after the exposure to asphyxa. No harmfnl sideeffects conld be noted,

Laborsirry ovafyses. The low oxygen mtmation valus m hyporia and
miphyxa in Fig. | indicate that the conditon has really heen grave. No con
owent changes in the serum potamfum concentratlons were found since m
some cases there was & rae wheress o some ¢asey cven a drop was peesent
and there were values below the control values particularly in connection
with hypoxa. In some cases p had been adm: before the




o ! .
o (8
]
x. «
{ Fig | Laboratory dan on aty b s
- iN 1 momhere and In duffarent respoatory
]
ammorphere | awphyns,
L3 > “- ® bypoua,  hypereapaa.

appearance of senum potassum concentrations h gher than control values
The blood pH analyses showed that the ammals were in deep acdoms both
dunng asphyxa and hypercapai. This acidess has been of the respratory
type as indicated by the occanonal blood carbon dsaude determunatrons and
s such what could be expected under these expenmental condstions. In few
cases the low pH values at the beginung of the expenment under pormal
amospheric condittons may be wnterpreted a1 a result of hypovendlavos
caused by the anasthena,

The general cardovasculatory obsenations 1n vanous repiratory dis
turbances showed only minor changes. The most conmstent change was the
nse in the pulse premure. It had dropped only in two cases and remained
unchanged 0 another two. The systolic prenure frequently ingreascd, and i
all cases 1n hypercaprua.

The changes in the ECG were of no ngnificance. Such were more frequent

m the fint expermmental seniey, obviowsly because m these pottsaum Wit
dmini d between the fons whereas n the latter seres the amemlbl

mrcnmlye.rpmedl’ur|r|:q;uralo;—yq:li.«n.::rt.:um:-bd'cn-cz!:rcECG.:.cmrul.AL
The (fect of poiaviuon oyecivas sx the cerd latery fomctrons F
when adminmstered rapadly and in concentrated solutrons, caused gimilar
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changes a3 those described previomly by others (¢ ¢ Wiooxes o ol 1930
Namu and Horr 1939} These changes have been charactamred by lowermg
of the ST-nterval, disappearance or negatity of the T wave (Fig 2. Reaction
type +) The condinon mmprowed in few secoods or developed into a block
(Fig 2 Reactlon type ++) or was followed by potsssium fibrillation (Fig 2
Reactron type ++-+) The block could imprave spontaneowly in fow seconds
but the fibrillaton could perarst over & perfod of more than two mmutes and
then spontancoutly mprove. A high padtive T wave appeared 20—30 sec
afier the potaram npection or about 10—15 sec after the cemanon of the
fibrillation,

12612015 Acta physiol scend Vol 52
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Tasls § Mhnmm%ﬁmpﬁd-dmmﬁm%

Degree Atmenphiere L u
I Asphyx yecla Typrrapals
1 acth Cat mm, a\(wmhn Cat no, Number Cat mo. umber Catoo. Number
of of
Infeetion Iofection Enfections Enfrctioon
+ 49 112 9 1 9 2 o 3
++ 56 112 5 2 - - 0 2
+4++ Lo egz2t 167 L2 e 18 8¢ e 3t
12,13 13 Hie s 11 N L3 o s

+ = mikd potsnhom fect, 4+~ potamium block, + 4+ v Fotaeschen fbrillton 1
depicted in fig 2. Cat marked wih astener divd

The slowing of the pube rate and the block provoked by potamum was
accompaned by a decrease in the blood pressare but effectne pulrations
wete present throughout thu peniod (g 2] Dunag the fibnilanon penod
on the other hand no effective pultators were present and the dectric acmy
of regular appearance which may appear at the later phases was not anodated
with mechanseal efficiency and a rise 10 the peessure.

The (fect of potativom tapctom 10 our serics 18 praented in Toble 1T The
rasults of the fimt cxperimental 1ol Mustrate the effect in the coses when
potaaum was adminbstered durlng the dnorders produeed at 30 mun intervahe
The order of the injectons was vaned 1n order to elumunate the cumulatise
effect of potaeaum on the interpretation of the resulte. The potasuum tajechons
were in each conditson given i1 5 mun intervabs and the intamty of the reac
{ion is marked in the table.

In the fint senies 2 or more consrcutine polasium JN}ectoos W ot ETn.
The effect of the injection 1 marked with + 1f the changes in the ECG were
moderate -+ + [ they were followed by a block and + ~ -+ f & fibillaton
was produced (vide Fig 2) In the latter experimental traly attempt were
made to produce such fibnllation and the number of yectanm oteesary b

this wes reported.
The rexults in the table ndicate that under normal atmosphenc condibons
the cats have (ol d the ad, ered fum d! Jy better than

P
thcdmwb:nwmm&um45910|ndllmcmrduumﬁmh
asphyxia, hypowa or hypercaprus and tolerated 1he snjections n AmOSphere
\dL\\'h.'nlhclu;cﬂ:on\mgwmmlunaphmﬁntnmatﬁ.thcm
reacted very terioushy wbcn(hcnnjcam1mrepmt:dmmphymlnhypa

R
mpmxlhctdalnccnppardbcﬂnhnmupbymorhypa;i:m@hm

acidoas apptared therefore oot to be a determuning
pousiumlclu-mcebm()mtzherolcufhypoxbmumbemdﬁdi"—
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Discussion
mﬂceﬂ'cctufpotuﬂminatxnppanmbcumstddmuxmm
lack. The results ot 4 in the exp have vk

mmhbutth:ohuvlﬂaumxdcmdﬂmtumd:dumhncnho-nthu
the lack of exygen has moce importance than the excess of carbon dioaide
( £ Mm-mo: 1910, Garexe and Grxxar 1922)

i doced by the first potasoum {myection anly

s

inon:mdmnghn;anpmanhhmghth:dcgneo{aaﬂmwugrut
umthrnphynacq:u’im:nu.

The total ! d fum were small and obviomly
thtnpplkdmmthmhucumcdtbuchnngu.Evmlﬁcrmpatcd
) the seum p were not hugh, Likewne high

pommmcmcmmlmwmmlfmmdnlrcmhdmplmm‘ymduﬂ:
even though occarional elevanons were present. The response of the can
towards saphyna scems thi to duffer somewhat from that of the dog. Oxvgen
admmistrapon did not cause amy cardiovasculsr changos in the cats. In dog
the ;ame has even cawsed & carduac arrest (AILLER #f of. 1952) W than normal
pH conditiom the dog has not tolerated potamum a3 well a3 duning respiratory
acdons (Scamwen ¢f ol 1934) In the cat the matter js reversed.
Thexe experiments do not yet indicate the cause of the diminkhed potasmom
tolerance, Several factors may be responsible for 1t. The apphed dishorbancy
of a durstion of half of an bour has not been able 1o canse & conustent rse n
the serum potamum concentratont. There may otill be a tendency for an
acape of potammm from the cells perhaps as & result of the lack of energy
doe to hypoxia. Abo incressed adrenal cortical actvity at least in asphyxia
may be respousible for the fact that the anmmals have not tolerated the applied
mngcnmupoamumdm—mgru-punmrydmbmcyuwdluinlmmn
atmosphere. Abo s direct carduc effect of p 1hould be d
poudnmf'.hough has not been able to danfy
why some anmals have recovered more rapidly from the poastum mfluence
than others in studies by Kareax and Froms (1959) Stll the question ks
s matter of interest mnce poramum 1 wed a3 & cardioplegic substance in open
heart surgeary (Mrinoss o of 1959) Obviomly s use 1 accompanied by
dfficulties. The posble came of them, we hope, have been partally elucidated
by the present mvorngation,
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The Effect of Histamine on the Uptake of #8
by the Duodemal Mucosa of Guinea Pigs

.
P Bary, I HAzxoex and K. Haxriara
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Abstract

Ba, P L HAsxoax and K. Haxtiara. The offat of kishemins on

She mppiats of IS by the dundamal susse of prinea Higs. Acta physiol. scand.

1961 52 163187 — The purpose of the work wee to fied ot to
what degree the elect of promoting he wpiake of 3 was deprudent

pon was fgated

u,mwm#waﬂmasmﬂ.m-ﬂm
admunstered milphate

where the effect of acid has been

Brmoas s glands secrete at a faster rate when acd o introduced into the
duodenum (Fromxy Warorr and Joomvos 1941) Thus raponse is at least
partly mediated by the local rddease of & humoral agent (Sooooucrery Gron-
uax and Ivy 1847) Goblet cells empty themselves of mucms in respomse to kocal
apphicanons of acd oc irritants  the factors which affect the rate at which they
secrete are otherwne uncertain,

HAxxorex (1961) showed that in guines pigs a single small dose of histamine
would caure an increase i the quantity of sulphate relessed by acid hydrolysls
from the decpest layens of the mucosa and the underlying connectlve tisme of
the distal doodenum. It was concluded that the incresse was dependent upan

b actvity in t Tho incresse could stifl be demomitrated
after acid had been excluded from the duodenum by gature of the pylorut,




186 r ML&LImAﬂDLIMW
Toble § The radioactscsty of the tussows of the dmmdens] i all of prince prgs 24 hours afier st
The

o N SO Prienc lipatua xas perforrwd se I the animels troaied prowp wcus slw
Rusomone ox brerwax 3 g ke body weight o=
Sampl Control growp Hitamise trrated groop
9umn.d.r)nr‘brmh mean SEM mean S EM
Dundenal mucena 138 IR} 190 3
Dundenal roma a2 L] LX) a7

In the superficial layers of the dustal duodenal mucosa of intact anumals the
uptake of S Labelled sulphate was au d by b Mhovgh h
caused no perceptible change inats sulphate content as determuned chemally
It was suggested that the uptake of labelled sulphate under these areummtances
reflected the secretory scthaty of mucous colls

The purpose of the nork 10 be desenbed in this paper was to find out (o what
degree the effect of hotamune in pramoting the uptake of S labelled sulphare
1 a3 dependent upon free xeeen of acd 10 the duodenal fumen.

Material and methods

Thirty-two yourg male gunea prgy were vesed. The v borm was tied under ether
ancathesta, Immtediately aficr operatee S was gn on subcutancouthy as xS0 (ob-
tancd from Radrochemrcal Cenre Amentham, England) in a dose of 400 ac kg body
wcight, with 16 mg of \a,SQ as carrier The animah wore then scpurated mo ™
cqual groups. One group s o as controls. The ammab s the ather group »ere gries
h 1n beeswax sub ly m  dosc of 3 me kg bod woght m anubotanuns
rover { Antutme Ciba 20 mg kg body wcight subcutanicously ;) Itwasytated m
rxperfmenu that antihstamme used had no effect on the sulphate conten or uptake of
the radroadphste o the ¢ doodenal (ract of gumon pege.

The animals weve killed 24 bours after operaton. The duodenwm was prepared by
the method dexmiired by HAara  (196]) 1 beref, the mucosa was scraped off fom
the udcriying tmwue of & tndard kngth of ducdenal wall, dotal o the smpulls of
Vatcer m an aroa where  the guinca peps Bxvvera glands are dilline gnd relateely
scanty Microscopscal cxaminabon show ed that the mucora which was graped ey
contsined the il and the greater part of the crypos of Lirsexxutrs, and thay the stroma

for counting of radwactivity by » plate technque a3
{HAxxax 1961)
Results
Tbcmu]ulrtcxptmcducmmhpamumcfmgdrynnghtnfmﬂc.md
are shown in Tatde 1 © e
The differerrce between the salues far the two grovpe B " poot)
mucosa {0.01 > P > 0001) mdh}g}dyugmﬁamfu-rzhzmmnl(l’
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Discussion

Opesran and Bostrast (1952) have shown that such mdicactive sulphate
a1 Is fixed in the twues b almost all incorporated into sulphomucopolysac
chandes, and HAxxraz (1961) confirmed that in the duodenal wall nearly
all suphate, whether determned chemically or m term of radicactivity 24
bours after Injectlon of ¥S wua ined in of high Jecul
wesght, If on the ather hand the radiactivity of the ducdenal sccrctions
measured 4 hours afler {nfection of ®S sulphate or later only kome 63 4 of
the activity b found to be d in high molecular orgame pounds,
that i i sulphom du.mruzi:p-rucmumorpnlcnﬂphatc
or confugated sulphate (Kxxt o ol 1956) Thn difference between the timue
and t lom indt that the duodenal mocous cells do not store inorganic
or conyugated sulphate the rate of transrt of these substances through the duo-
denal wall b rapid, and the quantty present at any one tme 1 accordingly very
wmll

The activity 24 hours after ™5 was given was the same in the untreated am
mah in ths study as that recorded by HAxxoax (1961) m ntact amumaly,
The operation of pylonc Lgabon thus appears to exert po net effect. In the
operated animals hitamine cawsed an increase in actvaty of about 90 %
Lhcdcephymdd:duodmmmmngemmcmmuwcﬂuthem-
cn:uelnthc Iphate content a3 k 'Lm.lyw\:[lcurrupmdm
the d action of h ine on the synthetic actinty of c

The acuvity increased about 40 Amdxmempaﬁuﬂhymunbem
‘whereas increase was abont sixfold when there was normal contmulty between
the stomach and duodentm (HAxxomx 1961) If one accepts that the rate of
uptake of #§ sulphaic into mucosal sutphormacopalysaccharides it proporuonal
0 the mate of syrthens of muan in the gland cells, t » evident that histamme
still exerted a sumulaning effect apon thn synthesn when aad had been excluded
from the duodemum. Esther the effect was directly prodoced by hatamme, or

some additional path way of surmlation exists whose receptons lle outnde the
duodcnum.

This stady bas boen apported by grant from the Slgrid Josdh sfiche.
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Gastro-intestinal Excretion of Dextran-Cnt
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Abstract
Axxng, B, W L Buoow and I Hasasox, Gastrecattmel excoetion of
dextranC®  Acta phymol. scaand. 1961 57 [88—[9% — Cao were
given dextrn-CH Intravenously and the gastric jusce a3 well as intestinal

e the stomach and the liver The intastinal juices bow ever and chxcfly
those from the cranial parts of the intestine contamed larger amounts

of radioactrvity which was preapitable with ethanol and represcnted
dextran. The cxrher hterature on dextran metabolman b reviewed. The
paraliclism between the dextran and the albumin ellmination e the
gastrolntestinal tract b pointed oot

Partly hydrolyzed, bacteral dextran Introduced as a plasma substitute by
GrONwALL and INGELMAN 1n 1944 has been extennvely trred clinfeally dunog
the last |5 years. The metabalam ha been studied by numerous authord
and therr reults were tecently reviewsd by ¢ g Soume @ ol (1933) and
GroxwaLL (1957)

It kas been damonstrated that rarchsplirang ensymes do got break down
dextran (Growwars and Inaeian 1945 Imoriaan 1947 Buws of ol 1949)
Prxmox (1952) found evidences that dextran 1 altered 1n the twyus 18 8
way which makes 1t stamable with leucofuchun wathout previows treatment
with periodic acd. This nmborprmmtd(h:twednngewudwmmd'
tlon of dextran. Scanarz (1951) found that dextran uu&mgmbys'nb;:
feucocytes t sitre as judged by viscoumetric detcrminal RAY
mde.Am(lBﬂl)p’ucﬂtcdcv{dutalhltdmnhmbdbtdwﬂ“'

188
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cote in the phloririnmed dog Uptake and storage of dextran in vanous orgam
i¢ liver spleen, kndney was reported by several investigatons ¢ g Buis ot o,
(1949) Emtnm and Awrno (1950) Fusyxza Grar and Asmeo {1951
1933) Sweopoe and Asrmo (1952)

Gastro-ntestinal excretion of dextran was found by Fxovraaxo and Aszra

(1950) in rats and rabbits and by Trowiz and Asrso (1953) n man. Coo-
rmﬂumrvpnﬂcdbymu‘dinvﬂdpm {ar. GrOwwary
1857) The ch ployed for determumation of dextran 1

wmuwmmmmwmmmm
carbarol (Axmwo 1952) or snthrone (Dumiau of af. 1950) will grve results

dy{nﬁumccdbyll]cxrbohydnmnhkmfmﬁnfmﬂhﬂ:cm
of conc. sulfunc acd, Turbid 5 after pr with
alnnoluknn—odncedbyjmlndHAm(lgﬂ)pvumﬂymﬁm
values in blood serumn or plevms but cammnot be wed on gastro-intestinal con.
tents. The ponspecificity of the chamcal reachon might have cawsed the
differences in opinien as to the gastrolmtestinal secretion of dextran,

Broow and Woartan (1952) presented evidence that there 13 an emryme
in the doodenal coment ahie to break down dextran rapsdly and Aremo
{1953) showed that human facces breals down dextran 1o low molecular
fatty acide

Synthess of dextran-C' made 1t pomble to study the metabalum of dextran
further Camgrit, and Bawoom (1931) showed that dextran-C' war me
tabolzed in mice — the expired air of the antmaly contaned G40 and the
unn:cnm-ln:dc“-cnrh:nxmlnmn,ﬂnuu(l%l)nudtddxme
tabolism of d, T (C ry
Im!l-»Z—C’n—lr—D)lndfou:ﬂthumlOdlyalcrccmofthendio-
actrvity was exereted in the wnne and 26 per cent a3 C4O  in the expired air
About 2 per cemt appeared m the facers. Hzman did not study the gastro-
witestnal contenty of bl patient.

Tnjection of trithm-labelled dexiran imio mice showed that there was a
cear gutro-ntammal excretion of the trittum (Hasmeanex of ol 1959) Al
though it was ponibie to precipetate the achvity with ethanol from the urine
which showed that the trittam had sisyed on the dextran molecules it v
decmed of interort to study the cxcretlon firther A senes of expenments
with Cvlabelled dextran were perforroed on cats as one of w (W L.B)
tad dextran-Ct dthnnmzbnndn(hﬂmcdbyﬂxmx(l%l)

Mnterial and Mathods
CH-Daxtren

Generslly Ctdabelled, panly hydrolysed dextran (Corrnerdal Solvents-Argonme
Nanonat Laboratary Lot 21—2—Ci—L—D) s 6 per cent sterlle soluton in mline
mmmwmms,cdwm.ddmw
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Tebie I Ecoretion date for dectram Cr (CSC-1 pomnc Las we. 21 2.3 L-3)
Catno W hght mlof Cpm of Thoe Excretion  cpw fn

k
] datan | CH ‘(lh;;lﬁrr Lrioe Bk Sooenach
1 34 b4 75 10 [ 36 (0 Los 18
b4 L] 57 0 3 13 10 161 o
3 s 18 &4 10 6 43 0+
4 3o n 66 1ot 6 15 100 131 10
3 14 25 723 e 2 22 10
6 pAY 18 34 I0 13 29 j0¢
7 25 o] s 10 6 43 100 Sarx
foe thus ot of dextran ha © been prosented by Wrmsnc and [orie (1951) — beht

scattering revealed  mean moketular welght of 66 007

1 pctmn, The dextran-C' was gl o n the femoral wm

Urme semples. a potycthy lene cannula was miroduced 12 the urethra mt the unneey
bladder and urme samples were taken st | hour  hours, 4 houn and 6 boury after the

injection of dextran.

Bloed samplcs. permanent cannula way introduced mito the carood artery and
bleod samples taken 3 run, 13 min, | bowr 2 houn, 4 bours and 6 houry after mjectxon
of dextran

Bide A polythene tube wa introduced into the hepave duct after Iganon of the
cystic duct. The bnke samples were taken ¢ ) bour 2 boury, 4 houn and 6 hoors after
the infectron of dextran,

Perfusrem of the eniritow Can staned 24 bours were apathetired w th chiorakme
urethane. An inawon was made i the abdomen nd  scction was removed aboot
153 em below the stomach and n some cxpenments 15 an aboy  the caccurm, An io-
cison was made in the gut &nd two rubber ballooas was introduced Into (he iatesune
according to th arrangement described by Ansesrrovo, Masarx and Tamve {1960)
With thh arrs gement of balloons about *0 cm bong secvon of the miaune B
isolated. The mtestme was washed by flowmg 2 per cent devtran solubon throagh
& polyviny! tubc and taking out the perfusion find via another The wmples »wov
taken t 1 hows 2 boury, 4 hours and 6 hours after the mpecnon of dextran, The wabes
solution was tested for blood by the benmdine method

Stomack coairnt The ocropbaguy was gated junt bov  the cardia, A small incrion
way made 1n the duodemum  pd a glaw cannula introduced into the somach. The
stomarh secrction was umuhndbynmbcuuwjfhewwm:hdolmlw

hlorxde 10 bod: t every hour stornach content was resoved
munmp‘:ml:nd wuhymwdtbe‘m.ch with phynologrcal saline. The
samples were taken t | bour 2 bours, + hours and G boury after myeruon of
dextran. 1 a0d

Redioact ¢ asar The racioncts 1ty m the samples of urine blood, bike mum:
fntestinal contents was aumated io mﬂuwmwmnmmm:)m
umplamdmmmumdnhamn&ﬁldylhmhﬂﬂmdmimnwu;mm

A.:yfarrndbacﬂvrtyluthenhmdprrdpubk&-nhmdzbclnm B
and the stomach contents were carried out a1 follews to umﬂﬂdm’d‘:
tbumcq\nlgmmmxurmim-mldmpacm«mcbkrmmnﬂnl
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Eacretlon 83 cpm In Extretion &a per oot of dose In

Thewn Jejumum  Urine Koo Siomach  Tlewm Jejummm

x x 40 x o4 x

x 404 o3 x x

x 127 10 s12 x x x 13

x 0 02 x x

78 100 x 373 X ol x

sz3xi0 337 x 06 x
1% 10 512 x [:%4 x 16

in arder to precipltato the proteln and followsd by cenudfugation t 3,000 7 for 10
mhimatar The wapernatant was taken and ethancl was added to  copeentration of 60
followlng centrifigatnon of 3,000 g for 10 minutes wnd the scdment wax washed threc
times in ethunal Thereafter the sedment was disolyed m water and plated oo alu-
minhmm dbhes 10 Infinitely thin layers. The radicactivity was atwmated m & gas-Bow
counter

Results and Discnssion
The mdvidual results are summarized in Table I Obviowusly there Is an
exerenon of mdioactivity m the stomach, the bile and the intestines, In the
urine about 50 per cent of the dose was excreted within 6 hours after injection
(Fig 1) In Fig 2 the blood plarms comtent of radicactirity — repreventing
circulating dextran-CH n given for 3 anmals.

(e DRION
A5 PR CRNT OF <Py
AOISTTRID n""""“ Dextron-C
Dedrmn-C o~
- -3
o o
» 2
n 0 1
n 3
Fig 1 n,,z” 2z
012348 01 2345%¢
fhars hours

T 1 Cumhnfttf-ﬂunmalndhcﬂ'nmlnhlhm-h-nl cst no. 3 follow ing intra-
vemous mpechom

r..,r_\-m-uh bood plamms radicactinity following ntraeenows nfecton
o sentora Ot cat o 1, T a3, i o
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Tale 1 Percentage of adivecturty excrvied peacipliehle wnth
kol (6D per ot final conceniratwa}

Cat pa Juice ‘organ Per eont
precipiuted
] stric 242
2 bl ptis
3 Jjunme Eat ]
4 bike 2
3 Brwen ns
[ ter 550
7 Fhmom 213
7 praeric "y

In the gastrontatnal tract, the Lile scoretron of radactnaty s Gurly
small, amounting to same 0.2 per cent of the dose. The gasine secrenon of
rad oactaty b also farly small whereas the intestnal secretson b conmder
able, amounting to a maximum of | 6 per cent of the dose in cat no. 7m &
20 em part of jejunum after 6 hours.

Of interest n the percenmage of the radioactmity excreted which s preopis
able with cthanol Table I shows that tha amount vanes coanderably The
vanaton &t a final ethanol concentravon of 60 per cent, 1 probably doc o
the bactenal and ensymauc decompontian of dextran which occury in the
Jjuices duning the ecallecion ume.

The urmany excrevon (Fig 1) and the plasma contents of madioactsity
, (Fig 2) follow those earier reported for thus bot of dextran in ¢ g man (Hut
san 1951) The bile excreton i thown in Fig 3 and 13 farly gmal]l —m b
scen from the figures grven tn Table I the bule excrenon has the same anda
of magmutude s the gastric excreton,

The¢ axpenments roveal that mteszmal excreton plays a major role 1n the
dimipation of dextran ntravenowly adminstered to cats, Some excretion also
takes place via the bile and the stamach but these routes seem to play & muge”
role duning the fint 6 boun afler administraton.

ltum(pombl:wnnke-nqunuuuvecmdwﬁm!bem
ments performed but it 1 posuble to make a rough estmation of the acml
amount of radwactmaty which appears n the whole ntoune dormg B0
first scx bours after injection of dextran-C'  In cat no. 3 there wits an ¢xorTton
a{ljpdc:nlofdrcdwemlhcmand'mtaunebpmmgth!m‘:
excretion 1 roughly the same m all parts of the intertine and that it has &
lcnglhcd’Hm,nbomlOpactmdlheLn;cacddmcmldbe

w tho way
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ACOUHAARD

KE%
D:l;d}ﬂu' Dedran-C
[}
a

1 Comotath efimination of radlasctive

?ﬁdmmzmmmw

of deviran-CH
¢ 123 45¢

hours
It can be tuded from these exp that the i 1 ek ?

of dextran plays a majoc rake In the cat. It bas to be borne in mind, however
that the caudal part of the Intestine elimmates far kews dextran than the cramal
pnr!(v\dchhkluuno.DlndS)lndﬁm:ﬂxmuﬂmtddm
excreted intestinally durmg the firt 6 hoars after 1. v adminitranon must be
far lower than 10 per cent. Even 30 intestinal excrehon of dextran s well as
urinary must be considered the natural way of clonmation of dextran, It
posible that serum albumin and perhaps other plasma protewns like dextran
art exereted into the gustroratestmal tract where they are hydrolysed, since
it has ben showed that albumio-1'® 15 cxereted in the stomach and mmall
intestme by man end anfmals (Bouxe of ol 1938, 1939 Amaraoxo, \Mavors
and Tanviz 1960) Unismo ol (1960) thowed amuradsographically that
albumun-[:# & gastrointeshinally excreted aho in the cat. In - exudative gastro-
anteropathy” a gastro-mtestinal excrenon of albumuin has been presumed
Lkely (Knm«d.lsﬂﬁ,&:zwm-ndjmwsgdLUumn o ol
1960) These resnlts sagpest that gastrot of macro mal
may represent a ntherto unemphauzed pathway of metabolem.

This Investigation was alded by grasts from Kt och Llus 1 alaabergs Sifielsr
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From the Nationa) Institites of Hralth, Betbesda (Md) USA. nd Inetitste
of Physiology Ushreniity of Uppaala, Uppals, Sweden

Methods for Perfusing the Giant Axon of Loligo Pealii

By
T Owmawa, C. 8, Sryrorouros, I Tasaxi and T Tromrrr

It was pomible to perfuse the mtenar of the gunt axon of Lalige pealii or
forberi, [C. S. Spyropoulos, I Tamin and T Teorell, Nanoaal Insututes of
Health Annmal Report, Noms, 1939 Baker P F., A, L. Hodgim and T D
Shxw Preprmt of Proc, Phynol. Soc. (1961) abo cited in prepeint, Baker P F
aod T D Shaw (1961) Plymouth Marme Buological Laboratory report for
1960—1961 (in prem)] with an aruficaal solution and mantam the resung
potential and the ability of the axon to produce narmal action petentials. The
techmque employed (Dugram A) in th  fint sena of apaiments was
a1 follows Using an axon of Lalige peedi about 25—35 mm m length, &
column of )! was d by ducng a capillary {300 g in diam
cter) Sabsequently each end of the axon was cannulated umng glaw
prpettes (approx. 200—300 & 1n dismeter) and fine nylon thread. The per
fusing fuwd was introduced through one cannula and dramed through the
other The rate of perfimon varked 1n most experiments it was of the order
of 001 mlfsec. The perfouon rate was wumally but not abways coatrolled with
the Phipps and Rird Syrmge-Drover mnp&dnmdrmcd-npxduqmmﬁ
uon of the diffusitd Tlular space. A palr of silver
‘mwmmmﬁmmﬁxmmm(m

method illustrated by diagram B a long glam capillary (350 x in diameter)
with a long it (20 mm Jong and 100 j 1 width) on onc dde was employed.
Instauie of Phymology Unherwty of Uppela, Uppemla, Swcden

195
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pipette. In another method not illustrated in the figure, the perfusate flowed
back toward the opening of the axon through which the perfusng glin a

fowiog fluid. Conunuous perfunon asually resulted 1n erosion of the axoplasme
wall and 1n an appreclable reduction in its thickness.

Using isotonic KC2 a3 a perfusate, the sction potenual remaned pormal
for & peniod of approxmately 30 mun, The finding appeared to indreate that
the internal sodium concentration could be reduced wathout changing the
'amplitude of the action potential. Conduction block was wrually (but 50t
always) preceded by prolongation of the duration of the action poreotal
Upon perfining with sodrum salt, instead of potaruum, & raped fall emaoed in
the raung potential and in the acuon potental amplitude. Using solutos
of the same salt (Na or k) and fiung the concentration mo scrom the mer
brane (with litde adhering axoplasm) the L pa il was found
to depend on the level of the concentravon ratios. Though the expenmend
were prediminary this finding was mwpﬂtdumdmﬂngd:eahlmﬁe‘
fixed charge 1n the meanbrane (Teorerr, Progr hmaphyl‘ndw
Chemn., 3 3085, 1953) The axom employed were 400—600 # m dismeter

Quite recently Baxex, Honaxze and Siarw (cf, sbove reference) reported
that they could remove nearly all of the axoplasn n their perfision <
penments \\eummthcumnwpdn!to-pxmmhxdiﬂ'mzfl:
:pecuntcchnlqmsthncould-cmmtrartharbdngmnnd
maintaining the exciubility for lenger pertods of tmme
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Photometric Estimation of the Relative Amount
of DNA in Early Chick Embryos

By
Hapar Estaxuzisox
Rexeived 11 Jaoary 1961

Abstract

Esanvrimon, H Pheienciric otrmetun ¢f U relatr. smount of DNA in
chuck mbrpws. Acta physol. scand. 1961 52 197210 — Usng
wmvdm(thmahaih-mhmhndﬂum{mdmhuy
the emount of DNA m interphase nocld of cells from chick blastoderms,

pertial
duh.meuﬂydadopmmzdmnmm
In a previom wnvestigation, Exawozimox (1938) the author has reported
wndcations of a remarkably high amount of DNA in the cells of the early chick
embryo. Thn for the fint 18 houns of development it seems that the cluck
blastoderm b an average amount of DNA per cell in the embryo area which
s double the amoumt recorded for cells from the same area later m development.,
As the analyscs gave oo mbarmatien g the local of ths d
amount of DNA, t remained to be settled whesher the high Level of DNA reflects
.mdaprudpo!y-plmdyinlhcarlycmbryucdhorwbahanpau‘hlyunbe
sicribed o a tamp ytopd ic DNA.
Alfnrtkthwanmy d d'\hn of L DNA
have been reported in the Literatiire up to now that u:mmmcdyanbc

13813015 4 ta phyrel. scend. Fol. 52 197
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questioned sny Jonger Litle » known about the chemical natare of it the
muplunuch\AmcdforlhcunpluUanchklnﬁcnhw;hrmbc
dasoxyribosidic compounds scting a3 DNA precursory, Horr Joxorzxn and
Zzutnex (1952) Grroo and Lovraur (1955) Brare et al (1959)

Pul)'pluidxlcdh,andxathcrhlnd,mmtunwmmonhmhm]emlnu.
a1 hat been revealed by photomeue Inventigauons on bsolated nuclel Speaal
attention may be ealled here to Moore (19%7) investigntion on frog embryus
i which she demonstrates a striking polyplady In her matenal, there bang
represented nucdel with up to the octoplosd amannt of D\A.

In early chick embryos, incubated under normal conditons, the peesent
author hay octasionally olserved tnpolar spindier in the dividing cclk, but
obviowly there 5 a very low frequency of these Otherwise there have been
po cytological indications of polyploidy in these embryor,

To cluddate the question and settle whether an elevated DNAdevel in the
ecarliest stages can be stinbuted to an especially high amount of nuckear DNA
or not it was finally deaded to compare chick embryos at different stages of
the early development wath reference to the amount of nuciear D\A in the
cells. For that reason photometric determinations of nuclear DVA have been
performed on cells from early blastoderms, which after ac g were staned
according to the Fruronx method

Material and Methods

Proparation of tue maieriel

The experimental matenial empioyed was fertlired eggs of pure breed (14hite Loy
hoen) laid the day before.

1o some of the egp the blastoderm was removed prioe to incubation and lmmediandy
Gved (O-boarstage) Otber egxy were incubaied at 375 + 0.5 C for vanow Jengthe
o time befoce removal aod fimdan of the blastoderrn (5« 14—16- 18- and #)-bour
usger) Fixative absolut aleobol + glacal acetc sad (3 1) hetd t + 4 C The
dr don of the d ! stages ks mado In accordance with the syate of
Hamburger and Hamilton (1931) Control cmbryos, thar mabation extended to 14

dayz, thowed a quite normal developaeol
mMthum&mmmmummnﬁ

were serially sectioned ¢ 8 and 12 p rapectirel
according to Lrvomomzears (1958) the thme of hydrotym bemng set at 12 minutes,
succession,

slde were stancd in direct and care wax takem to casry out an heolae
hmx&mmmmmmmW(W)mm
;h-auwcﬂut.bedniamcdmd’ud.[mmthk\mtn seter
)fmﬁm:mhwmﬂywtdtbekammfquﬁhﬁ;
minators, o Levoumoaescr (1958) Swirr (1933) Lesae (1933; m:“”ﬂmcu
(1955)wobvhnlyhmmnd:yd'thzmhmnrynthcbeﬁnﬂmﬂthh ot
gﬂ:ydmly-hmdwﬂhdafrcremmﬂhcdsa(prqnﬂbmdmem}n.ﬂm l’:ﬂ
mmtmmmbwmtbmmmm-ﬁ}:w e
mhtmlﬂmmﬂyd:rccdymplnﬂe.--ﬂbhrmdmhre prepe
Identically and in direct succemion.
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Phriomctric Frulgm deerminat
Enlmchno(rchﬁvcmtu(w(chumqﬁae)mmcmﬂdbb.’dmlhe
' g u{'.h:hncr-:c.r_:..Omrm
th method

(1952) and PATau (lgm 'n:: 4
@hwm-mmmbmmmmm-m
letribation of the Jxﬂ:ru;crhd.numntqdmtbc
hlharpﬁ:un.ﬂxmmdcwdndncn the present frvestigation, when
dclﬂngwhhi‘mlgcn—nxhtdmm{dhlveh:m!ﬁmplnd570 refpectively
messrements on the pare Feulgen stain and ca stained pucled
im-ndthutbu:tvonvdqth:ﬁﬂﬁhbenquhmuddxmﬂhodﬂe,uﬂmﬁn
t one of them I twice the extinction at the ather
The photometric mesmrements oo the fnvestigatrd embryo-matenal bave bem
earried out with the aid of microspectrophotometer (the details of which are given
below)
Esthmaton of the total amount of chromophore fn smgle mocdas involves

mclncldxccnhr-cﬂaphn@m,wbddmtxmhnﬂdnm
From the trananiwon valoo the relative amomnt of chromopbare is then cakculated
acrording to PaTav’s

Th:nhmltnmm(lS!S) who hat published & very meful set of tables based on
sctua] calrolation b

vatues found tn the prosent investiga-

imervals. The hatter valoes were In stnct conformity with earlier

Mo gpectreplsiomeicr
The

Seres "

principics dc-:rh)crlby IB!H‘! Swn-r‘nd Mt

o e lxm:rmunnu and

¢ (1558) [ 4 { ) Rasca {1956) and
Ligkt swarce. A Phifipe mgaten ribbon-filament lnavp {10V 16—17 opu-u:rl

15 Amp waa the Bghit source med. The Hyht goes via ! i =y

hﬂh-h:k'b-d.n;i:ngmmh:lkpudhhmlhmthc pru]tﬂ-td the photo-cell
o ST, o e g ettty e o i
[ Y t the

(memmmwmhcmrummgm )

canbe replaced by l'vmd-gh-phle.'nmcphoto-cdlk&dby

H(b-dn:cnahﬁ.urlnonx \4
il cax operated at 960 V and readings are made oa
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Maon upply Aﬂckmthmpnmtbmudwlhemhnxppiym-w
nlh?mmt(ﬂm\A)xh'hxmwtpulvdundmilVlllQ.’r—iﬁ\duhpm_.

Actual tosts with the photometric equipment have sbown that the Schwarrschid.
Villiger effect, Naowa (1332) 4 aegligible in the present investigation,

llkdaﬂhmwulmrnbcﬂmuodnrduﬁhlbﬂwmﬂmmhmuhod,u
Whmdpmhnnwmmhn\&mg
omcquently sufficient material for a direct comparson s not  vailable. Measoremert
undertaken by \Mexvrisons (1958) and \Mrxoesomx and Ricmanse (1958) meem
10 indicate howerer that errars lnherent in the two-wavelength method arc indeed very
small, and it may be anumed that they fal bekow th error margin of ordimary phow-
metne DNA &t a nngle {ength. To the latter type of meanrement &
:E;l‘tmlmwdliprrcrmhuhemmfbcd,Shm (1953) Lovermssacs

)

At no stage was staining of the &y toplasm observed. The mearuremonts have thows
that not even  t the carliat stages (0-hour and $-hour blastoderms) when yolk granatse
in the cells are ery  pparent, is there sny meanrable vanaton in amount of chromo-
phore which may posibly be ascribed to the presmer of these granulae

In a scctioned matenal there i mk of mcfuding slightly inpured or overlapped mudd
among thowe schected for meaturement Howaver provuded the diameter of the cell
noclel b of approximatcly the same mze for all the imvestigated stages — and o the
whole that seerms to be the case for the cells of the embryo arca — this aror will be ol
fairly conatant sire for sections of the tame thicknese. The mean DN\Aalucs of hlrsto-
derms sectfoned 1 8 i have constantly been e 8 por cent lower than m blastodenss x¢
toaed at 12 4. The difference reflects the hugher percentage of infured ouda occmmng
in the thinner secuont, of. I 1o (1960

Results

All measurements are made on interphase nucles, For each of the invesugated
embryo stages the indnrdual DN\A values (chromophore alues) have bees
armanged o hitograms which are reprosented in Fig 1—3 The oean DMA
value 135 ghven as well. The b reler to blastoderms d at 12 4
Each hatogram # made up from values obtained from 2—3 hlastoderms whech
lmongthmdmuhowcddo-dy-grmngdmnbuuon.mnumtbcmdi-
vidua! nuclear -alues differ considerably but even U & minor part of the vans
thon must be amgned 1o errors inherent in the applied methods, ¢ may be
mﬂﬁdmdymumcdml(d)cfounddlﬂ'mcummﬂym&tc(lrm]nnujﬂ!
11 DN\A-content of the nuclen

O-hoar-stape

At this stage wh:cbform:-rmmgpcriodbcfomz.hco:md‘mcuhdoﬂ.
uuwtymlhebhnndumulcwandnuuxkﬁgwumqnmmeﬁhtﬁmnd
DNA values are conuderably scattered, there is 1n the hatogram (Fig 1) »2

anather
accurnulatron of values around the chromophore valoe 180 as well =
.ﬁgbdymﬂanctumuhum-muodthe»ﬂncm Of thesc the former may be
coandered a3 reproenung the mean D\A-value of the resting i{nterphue

nuclens, i. €., the mean diplad value
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As it has been shown by Swirr (1953) wnd othery doubling of the amount
of nnclear DNA occars i interphase. It scems rewsonabls to suppose that
in the histograms valoes ngher than 180 but below 360 are obtalned from cedbs
gndmﬂypcpuﬂngfnrm:m}{wd:ephyﬂohpalmpdmforch!ck
embryos b generaily conidered 10 Lie at 2021 G, Epwanne {1902) However
nmhdlcprwmamdmhmdlymmcmdblumdamnhonmpcnm
below thu point, even if the actual process of cell-divion seem to be stroogly
uppremed.

The sparse octurrence in the histograms of values two times the supposed
diplold mean valoe fits well with the low frequency of mitone figures. CL
Table 1

There cast po differences In the amount of muclear DNA between epfblast
(ectoderm celh) and underlying cells (hypoblast or endodermn) at this stage.

S-hour-ctage

The picture grven by the two histograms (Fig 1) b at fint samewhat poxaling,
x3 the mean DNA-value is of quite another magnitude than that met wrth 1n
other developmental stages,

To account for this we mmit first connder that during the stge in question
a general X tion to & pew holle equililrram 13 goang on 1n the
embryo, Mitotic activity whuch until recently was suppremed by the low e
vironmental temperature has started agaun to a full extent, and there » reason
to believe that the malarrty of cells are preparing ta enter cell-divition,

The same conclunon will be artrved at from the histograms If we perant in
contidering the meas diplowd value a3 rangmg aroxmd 180. In the hatograms
major accumulations of yalues are thus found around the chromophore values
300 and 400 respectively and only a minor concentranon by fornd around

As for the O-hour4tage both germ layers show the mame distribution of the
DNA-nalres.

14— 16-hour stage

18-hewr stuge

The beetogramm (Fig 2 and §) ace crentially of the same shape aa for the
O-hour-stage, but a more proaounced concentration of values around the 180
value Iy found for the underlymyg layers.

Nnddwithdxm;gmudtcmpb&dmtu{DNAmdmmthn&hn

ligmﬁamumbudth:nuddmjmimuﬁn'lhdxmdnm
before putosds,
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Teble I Milstic actwily in serly chick mmbryes
Mh&w—u‘mwhtbmmi—,upthﬂ,mhhdbcm-h-hud

o photometric eimation of nodear DNA. T avold double cowstimg altermic wecthons
modndhhdﬂanﬂnﬂbn.mnndndmdhmbh:lcﬂmhmi

acconding to the farmals & \/'(_‘_. 0-#) here § = mieotic Index, ¥ = number of (s
»

wmwmmh.ﬂmwmzmwm
among themeedves thowod closcly agrecing valwen

Age of the Thaoe Mbatle Index

embeyo {per ccut)
0 Houm  Epiblest + Hypoblast ar L al4
3 Hams  Epiblast 1621030
Hypoblast 380 - 086
18 Hoans ‘Ecoderm 3724036
Mooderm + Endederm 127 L 012
40 Hours Newnl tube 470 1 060
Yolk endederm 149+ 0%

10-howr slage

At this advanced stage of development (Fig 3) the embryo area nill shows
much the same pattern &1 was found 1 0-boar and 14—18-hour blastoderms,
buat celh from the bryonse partion of the blastod present an entirely
diverse pattorn with & mean DNA-valoe near 400 Further impection of the
extracmbryomic cells proved that these bigher DNA-values are rextricted to yolk
endoderm celly, whereas the pattern for the ecto- and mesoderm cells b esentially
the same In the extraembryome as i the embryo area.

Exeept for ths last mentioned stage (40 hours) dutributon of DNA values

witlun & germ layer n apparently much smilar for the cmbryonic and extra-
embryonlc portion of t

The mam roult obtaned w that during the wvestigated perlod of the
development the eiuck embryo cells hold practcally the same average DNA
content 1 the nudel. The exceptonally hrgh DNA-level at the 5-hour-stage
b pomihly of short duration.

To find out how chwe & connection there may be between distribution of
rodesr DNA and apparent mutotic activity m the anatyzed sectiom, mitotlc
indwces have been calculated for some of the blastodarmm Thee values are
mven 1n Table I It appears that mutote indiers are not differing when the
germ layens show the same dintribution of D\A-values (S-bour-stage) If the
distribution b apparently dinmilar however the indices deviate too {18-hoar
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stage) The higher Index is then found In the layer ha the higher portion
of nucled in the midst of DN A-rynthesds, In the lB-yl:m' Eud.:rm the differen-
ces between the gorm Iayers in mitotle index and DNA.distributon Pponibly
mggcnnpm&ong:dono“mupbaxmmuxdcnﬂoda—mﬂd.hummwed
with the ectoderm cells.

Olwviously the comparatrvely Jow mitotse Indsees (3.6—3.8 per cent) for the
5-hour-stage are difficult to aceount for in the present case, as they were expecred
to be definutely higher than any value for the 18-bour-stage. Prefliminary in-
vertigations indieate however that slightly older embryos (estimated at 5—8
hours} have a somewhat bigher average value for the epiblast (about 5 per
cent) Presumably ths small but apparently significant increase beass direst
relation to the deviating DNA-dotribution met with in the S-hour blastoderm.

Discussion

The theory of DNA-constancy according to which the amount of DNA
per chromasame eet b1 conrtant for an organsmm, has won widespread acceptance
and Swirr (1933) in his review on the subject concludes that the theory bas
been adequately confirmed He admuts, however that the constancy m queston
may break down during the differentiation of ecll. Ducurang her own resulty
from DNA-mensurements on nuclet from frog embryo hybrids, Mooxz (1937)
strewes the fact that the DNA-constancy has not been established for embryoare
cells and quotes reqults from vertebrate as well zy invertebrate embryos.

In the prevent tigation the hutog are of an ially similar shape,
consistent with the constancy However the low frequency of high
(tetraplaid) DNA valucs — expectally for the 4—~18-hourstage — k coafining
Otberwise the shape of the histograms — with & main peak at the diploid valoe
and a lower subsidiary pesk at twice this valoe — o apparently what is 10 be
expected in rapidly proliferating tasues, Broct (1958)

Two stages, the S-hourstage and the 40-hour stage show some peculiar

At the 40-hour-atage the yolk endoderm cells with their mostly tetraplod
amount of DNA in the nucicus stand out distinetly agalast the cells of the
embryo body Along with the tetraploid valut higher and alwo lower valuss
are represented, but the 1hifling towards higher values 5 predaminant a3d,
strikingly enough nucler with the diploid amount of DNA are mmsing

amwdmmmmwmmmm:mﬁe
nﬂmﬁ:ﬁpnuowdlﬂ’uinnmznyﬁunm:nmmltypc,dm&-
playme apparently defect ch Mitotic : m\bcw:
endoderm cells have eardier been reported by Jacomsor (1838) and abo
hhoﬁnmﬂlbnamﬂmﬂmam-dmn-kﬂrfumed!hecd]‘ﬂc
mqmjmmmmmwpmmmewbukhyudyo&;
doderm cells will roost likely deg: 1 Iy a ph which
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bear some relation to the smultaneois outgrowth of the viscular system. As to
the nature of the mechanim that prevents the endoderm eclh from eell-division
withoat blocking ther DNA-#ynthem, nothing definite seems to be known.
However cell degeneration, often on a large scale, b apparently a normal
phenememon In vertebrate embryos, GLOCKnAX (1931) Submtances relcased
1n edl degeneration in embryos probably exert an inducing effect, STocxme-
nnn(lB‘!ﬂ

ingly emough & cytol 1 picture, very similar to that in the yolk
mdndﬂ'm“\h&&hmmme\ﬁ?dbyﬂtnuthmmd:m
onal poctsoa of 18-hour-hlastodera wpon treatment with ribonuclease (RNA-se
solution wjected m the egg directly under the hlastoderm)

The remarkable distribution of DNA-values at the 5-hour-stage with most
of valoes located abore the diplold level has been interpreted here o indicanng
that DNA-duplication is nearly synciwooous in the majoeity of the blastoderm
cells. The pomibility of there existing instead just at the S-hour-stage a populs-
ton of nocka with 300 ax the mean dploed value scemns lem plautible. The
distributional patterns of DNA-valoes from peeceding and succeeding develop-
mentu] stages (O-bour and 14-—16-hourtage) lend no support for such an
awumption.

However a synchronous DNA-dupbcatson on a large scale, as junt oatlined,
can scarcely be accomplihed by the blastoderm cells at this early stage wthout
accem to dther stored DNA or stored desoxy-comrponmds, directly mtilizable
htbcDNMymhuh.Thehncrwmldnxhcrbeddacxyﬂbmndm

d toK (lQ&S)dn d for DNA-synthest
m. 11

Intbcimuﬂgldunthuwum{andmhuhcinn-ndn:dm,m
(1958) the suthor has shown that calculation of the aversge amomt of DNA
per cell for the embryo ares 1n early chick blastoderms gives valaes for the 0-
bour-stage and the 18-bour-smge which far exceed the value for the 26-hour
stage. The latter value, n1 well as values for more advanced stages are, bow-
ever in completr accordance with average values for chick embryos, reported
by other Inverugaton, e. g Daviosow and Lt (1950)

Tbuhl;bu‘vl}nalﬂndcdmlbavemobuhedﬁunhmdmbllmlm
ofcdhufthcarrupcndkngmhn
thcywcrem!crmnu.cl rather §i 3 dditional observations
have gven dmilar results, Fig 4 and therefore the formd deviation has been
consudered reliable.

As the present invextiganon hus shown that the average amount of DNA per
nuclewns n practically the same for the 0- 18- and 40-hour-stages, ith concluded
Lbnm:lcvntcd-moumotD‘{Aanembmmgupmlnblyhdmm-
siored, cxtra-nuclear supply of DNA. Even #f tha supply b ratber small at the
O-hour-stage, it scerma Just bag enough to permit yuch an almost dmultancous
cdlduplnnmntnbcmth:“mn—mgeunmmguwd.Atmpauﬂy
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raned demand for DNA, which was to be formseen then, it abo fodicated i
figure 6 by the decrease of the DNA leve! at about the actual suage.

As 18 seen in Fig 4 there follows upon the decrease a replenishment of DNA
to the orginal fevel presumably effected by stoced DNA-precunons but from
the 26-houratage on the exceeding smount of DNA is spparently exhawted
and the embryo has switched over entirely to D\A-synthews de povo It seom
likely that the lasi DNA resenve 13 beang wsed dunng that period of increased
mitotic acthvity which in fact occurs in the embryo area at sbout the 20-boar

stage.

From Horr ] s (1954) & sgations jt # known that the whok
hens egg » dch 1n DNA Furthamore the proposed scheme of an ahered
DN\A metabolizm 1in the early chick embeyo has fts direct paralide It »
known that a shifting during embryogenehs from consumption of stoced DNA
or immediate D\A-precursors 1o DNAgynthas de novo occurs in fog
~embryos, Horr Joxorxsexy and Zeunier (1952) Grawt (1960) and i sea
urchin embryos, Aorxir and Parssax (1936) In the latter case it was indeed
1 demonstrated that the embryo cells divided synchronowusly up to thatdevel-
opmental stage when the DNA-supply was exhausted and syntheasls de novo
started.

The figures 10 table I show that the mutotic index gives litthe suppost to the
propascd scheme of a partial accumulation of cell dnuon to the S-hour-stage.
However 1t 15 difficult to predict how much the alsolate value of the mime
1ndex may be influcneed from the shifung DNA-dotribation a3 we do not koo
the length of the perrod duning which interphase nucla hs ¢ a DNA-content,
twice the diplord amount. It scoms Likely that the mitotre index 3 not much
affected If the last mentioned peniod h-p-pn-aablylougcr(hm!hcumtfﬁf
mirtosh — a condition which posubly prevads ar the 3-hour-smge.

G:cum:unthlmﬁenc:m[nvmnd-pnrdalrynch:unmmccﬂd??;;ﬂ
in early chuck embryo cells has also been reported earhier ExaxveLmox (1 9
and include penapally ») rhythmical vanation in the average DNA- »
RNA-concentratons of carly cluck embeyo celb, b} a varying DA\A~ynthedong
abihty of carly embryo, cxplaoted at different stager
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The possible existence of a penodicity of eell divmmon in chick embryos bas
been docussed by cadier investgaton, of whom Stovor (1935) may be especally
mentoned In thar opinion there i no evadence of any perrodiaty However
th view of the question 1 exdly explamed by the fact that the mvesugated
embryos almost invanably bave been older than 20 houns. Thius a heghly im-

penod actmlly bas been mwed
Dnm(lsjnmhcrlnmgzmnunh:m:mncindamd-cuﬂychkk
embryos bhas drawn no 1 1 1 the

regarding p
nmgtmhﬂhclndcx.b\ﬂvﬂmbl:mfmﬂonbnﬂng)unupmthnpmblcm
can be obtained from her valuex, They reveal that for all germ layers the average
mitotie index 18 noticeably lugh in embryos at about the 4-hour  the 20-hoar
and the 5—8-4omite-stage respectively Thus finding b apparently 1n farly

The withor wishes 10 expros bl atncere thasks o Frofewor Tran Acextz, Head of the Zoo-
phyuologscal Lostrutr, Land, for kis Ervaluabie arppocting ixteres duving the lavatigarion.
The aochor b alo fndebted to FIL kand. Ounovrce Taoaracros for simutating tecknical dis-
oo

wrpport ke been recebvod frooa the Kangligs Freiografeks Sathkapet, Lind, and
from the Smextich Natoral Schence Revearch Councll which Is grascfally scknowledged.
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Mitotie Actlvity in Chick Embryos =t the
Primitive Streak Stage
By
Hanax Ewasurimox
Recerved 14 Febroary 1961

Abstract

Exaxvaimcr, H. Aftwtic actingy du chick crbrpes & the promitive strack
dege. Acta phymol scand. 1961 52. 211—25). — In the present work

$ baa been orvestiguted recorded regional differences
In the tion of the primitive ambeyo are
connccted with differences i mitotic activity Mitotkc indices al-

o differences m protein within the embryo, emoclated
with the beginning differmtiaton of the cubrys colls, Cytologhe xod

changos causer by the heat shocks and the mutntic pobons
are described.

Much work s been devoted 10 the stedy of morphogeras m the early
cbh:khlmajam,-ndmbemnnmpxmdnﬂngwhhdmwbjmlnve
recently been 1l d by W. ox (1952) Most Investigatars
bave studsed the Large-scale cell-movements, mally referred 1o as stroanming”
which come Into operation in the early blanoderm but the mitotic actinty
occurmng at the same timne, hey abwo attracted conslderahle interest. However

211
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to wint extent locab.ztdcdlpmhfmummnbcm\‘dvcdhlhcmlgmm
of the embryo Lody does not scem very dlear Remmarkably enotgh, the rapidly
growing primithve streak, for Instance eannot pomibly be considered a1 a center
of cell proliferauon (PAsteess 1913)

Dexcribing vanations in the concentration of nudleic acids in the carly chk
embryo, the present author (Emawvermon 1958) has demonstrated witkn
the embryo arca the exutence of local vanauons In the quotient RNA/DVA
(an expresuon for the relative concentration of RNA) which according to the
author suggests vanadons m cell multiplicaton. Thus low values of the quo-
trent would denote lively cell-division while hugh values of the quotlent would
ngruly a lower mitotic actvity posubly wth predomunaton of cell-differenta
tion withm the region in question

For chick embryos of 23—40 hours incubation thu relstion between the
RNA/DNA quodent and the mitotic actwity spparently exsts. Ths refanan
B substantiated by prelimunary obsenauons of the prosent author from mets
bolic data (Serarr 1952) and from mutotc ndiwces, reported by ¢ g Diw
rick (1937) and Brrtams (1935 1957)

Ofgreat interest is the question of whether the relation holds abwo for the primk-
tive streak embryo (18-hour-embryo) 1n which s vinble differenuation has not
yet occurred  even if the presumptive fate of the different regions already &
well defined, of VWabpivoTox (1952)

In fact, the mutouc indicas reported by Drezricx (1937) for ch ck embryos
of this age lend some support to the idea of & vanation in mutotic activity such
ay jnumated from the nuclac acd quouents. However Dernicx s indices for
the primitive streak stage — up to now the only cxuting detarled informavon
of the mutotic activity 1n the 18-hour chick embryo — can scarcely be adopted
in the prosent case without some reservation. Even if they often ndicate bg
differences between adjacent region, 1t o difficult to judge when a difference
is ngnificant as statstical xnalyss of the matenal is lacking Moreover thee
indrees are calculated for each germ layer separately whereas the RNA/DNA
quotients referred to were obtuned for prcces of blastoderm containung all the
three germ layers.

It has therefore been of interest to make & further investigaton of mitot<
activitics in the primitve streak embryo 1 order to obtain mean valuo for
cell multipheation within small, restricted sectfons of the blastoderm. In the

investigatzon the postion of these sectiom has been of primary interest,
while therr itson of cell material from the different germ-layers bas been
of sccondary 1m nee,

Axxtnfullymn:d that a Jocal increase of the mitotic actvary 8 D%
bound to result 1n an appreciably elevated mutotic index — cven iflb‘!:ﬂ‘-';:
mdy—numwhwnhob@mdctoohnmmmmdmﬂmm
totee activity 1 the blastoderms more clucidative than the ordinary

index.
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The procat paper deals principally with experiments 1n which blockage of
blastoderm cells, havmg entered mitosls, will lead to succemive accurmilanon
of mitotre figures and thus facihitate the dheovery of any exsting differences i
cell multiplicanon. In the experiments the mtoss process has been blocked
by heat and by addition of mitoac porsom, colchicine and ocstradiol.

Material and Methods

Incubation of the eggy (White Leghom, pure breed) was earried out fn a thermo-
statically controlled incubator at 37.5 G;!;D_" C, The stinospbere of the Incubator
was kept matably molst by placing duhes of water fnside.

Aormal Emdryes

Aler Incubanoa foc the derirad penod the embryos were removed from the s
and were fxed In Camoy’ fiuid ( meolute almbal + glaclal acetle acld,
3 1} They wore siained in Gomord's hermatony lin acronding to Mt axoes snd Wrw-
sraax (1953) wnd were mounted in DePeX (Gurr) Some of the embryos were sechoned
(10 %) but ummlly they wers momnted whale.

FHoat-Shacked

had proved that the mes of bcn‘lcuhmol:ﬁmpcudx
‘which

rage
cording to the system of Hoareom and Hasirox (1951)). The explants have cou-
stituted the anterior part of — aheroatvely the whole embryo wrca, the latter
frvatgatan,

of — the
being defined i an curfier Exaxutmow (1838) {cf. abo Fi. 1). They
were coltrvased oo basic medium of the followlog compasition

per pomt
N 0650
Ra LY
G, §H,0 0.031
A HPO 2HO 0,007
KH,PO 0003
NaHCO, co3s
Glucoee 0850
Agr 0420

Before sddition of the sgnr egg white was sdded 8 parts of basic medium were mixed
with 2 parts of  solutson

prepared by
mediom. By addition of egg white to the medimm it was posible to matnain

tifactory
mmhmhﬁmhmaﬂmummmhﬂih&m
fhid or methancl, a3 etaim were wed Gomord® »

and Giemma  sotution. Moooting meedhoe: DePeX.
14613013 Acte phyriol scand. Vel 52
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Trratment with Ocstradl end Colchicine

Intbemunmthrib-aphnlcdmh-ywmm!dmcdmtbeh&mtdim.
deacribed above (no exy white) (o which was added cestradiol or colebddine. As befors
the cmbryos were explanted at the primitve streak siage the explant constituting the
whole embryo area. Incubstion was carried out t 37.5 C+0os C

Aﬂuperhnmuln\un—lbolbcbnl-dndcrpcdmmh~.}nyshnln(hdcd
controbs, cultivated on the employed medium ¢ 374 C.

For diol » suitable fon proved to be 11 mg/mi jocubation mediom
When adding the ostradiol 1o the batic medium # was necesary fiest to dusolve It in
ethanol. Coatrols thowed that the resalting very bow concentration of ethanol of the
medium (0.19 per cent) had no effect upon the cahivated embryse With colchicine,
which was dimolved directly in the mediom, full effcct was obtained in & concentration
of 100 gy/ml cultivatson medium,

Treatment with mitotic pobons e scr was arranged s that after rubhmy the o
with & pellet of cotton soaked in 70 per cent cthanol, s small opening was made i egg
thell and shell membranes on the side of the egy, whertupon the drug, disolved in 03
ml sterile 0.93 per cent NaClsofution (37° C) was infected Into the yolk, directly ender
the blastoderm. By unng a curved hypodermuc needle of mnall cahbre it was posthic to
avold piercing the viiclline membrane n the immediate vicity of the blastoderm, and
there was almost no excape of yolk out [nto the egg white Alter the hole (n the shell
b been seaked with tape the egg was immediately ratored to the incubator and phaced
with the window™ polnung sidewayr. Controls were injected with sterlle N Cloolw-
tion only
Treatment | ovo was succemful as far a3 jt conorrned colchicine, which was added
inadilutdon of | 10*

When ming diod in this type of i it way found that the concenirs-
tion thereod had 10 be raiscd contiderably over that med in the cxpermments in nire.
As it appeared that the concomitant Increwse m the cthanol concentration obriowsty
had undairable effects upon the embryo cedls further experuments were anpended.

After treatment with mitotic posors the embryas were fixed in Carnoy's solatios,
stained In Gomords hematotylin and mounted in DePeX. The embryo materlal com-
prised both scctrons (10~12 1) and whole mounts

Results

A Mustsc Indices 1x \ormal Clack Blastoderms &t the Priscivoe Streak Stage

In Table I are given mitotc indices for normal chick embevos of 16—23
hours incubation. As secn the figures refer to the whole embryo area as well
as restricted parts thereof For the pnmitive streak embryo (18-hour-cmbeyo)
the extent of these parts o outlined in Fig !

ﬁ:mmummwwwmlwm
strips of the embryo area Tbemmmﬂlanp:mnumbacdfmmdxh;
part of the embryo 50 that part 1 includes the region before the rreak, part
Lhummorp.normeme.kmmwcmdqmdﬁumﬂngp-mf:‘”g
(3 and 4) cmprbctbccmuﬂmdmmﬂndpammpe:dvdyoﬁhel

The 23-hour-embryo forrms an exception to this bcrethcnodeuindudtij
part 3. Three longitudinal strips are d hed ooe central and twvo la

af
The mutotre index (the number of mutases per 100 celly) reported for one
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Tabis I Miseric mdices (per comt) for diferent parts of carly chick evdboyes
The stoadard erroc of the mean b calculated acconding to the formmda ,(m\)—,)
where § = mieotle ndex, X = mamber of vestiqated cells

Partof cmbryo.  Age of embryos
ClelA  gpn 1618w IBkn Bt 0bm Db

1 218+ 030 373+ 027 50 043 3201026 450019 30640

2 174025 ADS 00 37210 AN 029 4651031 ANAR

3 2953027 AL QIS 151 0I9 171G GI3QN 447L QI8

4 282401 ATS 20 A4T LA 460 LG5 8311024 4391021
L+ 1, 179 L0n 3621017 ATOL 021 5024073 S43 020 ATSLAIS
[¢] 1231097 413017 47245020 LTS £ 00 337007 A0 LA
14424344 2994017 389012 4T 014 5472013 301 4134010

these parts represents a mean value for the whale body of cells within t, b
rapective of connexon to any speafic germ layer Each of the mean values b
based upon examination of  grest many cells, usually 3,000-—6,000. By suxtable
raming (Gomori hematoryln) cells and mitote figures Jocated at shifhng
leveh within the preparaton could be counted directly without sectionung of
the matenal,

For the permitive streak embryo biochemscal analyses had shown that those
parts of the embrys area which bere are denoted 1—4 have the fllowang
DNA-quotients 7.3 4.8 71 83 If the previomly mennoned relation be
tween thh quotient and mitotle activity (see introductory part) b prevailing
at thh developmental stage too, the above values would ouply that mitotic
activity s high 1n that region of the embryo surrounding the antenor part of
the streak, but kower 1n postenior regiom as well as 1o the regaon m front of the
streak. Similar varmanons in mitot activity are abo cxpected m Immediately
preceding and succeedmg embryo stages,

At firt night the found rmutote indices fndseate such differences m cell multy-
plaaton within the 168-hour-cmbryo that would be well eonsistent with the
vanauon of the quobents In question  but statmical analysh reveals that the
figures do ot differ ngruficanty (Table I) However there exusts a real chi-
ferenee between part 2 and part 4 10 the second of the two irvatgated 18-
hoxer-embary os.

A1 for the mitotle spectrum, t. ., the relatve dstributon of th vanous
p;mo{mxmmgmuﬁuﬁngcdh.hhum:bcmpc—'bkdmum

d dbamil between the part.

\\'Xd\lnthclll‘hdy yourger embryos (16- and 16—18-bours) relable dif-
ferences betweon mitohie indices are lacking as well, bat 1o the most advanced
stages (the 20- and the 23 -hour-embeyn) the rutotic index of part | differs
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noticcably fram the other valuo. This n especially pronounced In the lan-
mentioned embryo stage, for which the RNA/D\NA-quonent of part 1 i sctmlly
50 per cent hugher than in parn 2—4

The general impresvon from Tabie 1 of the primitive streak embryo » tha
cell multzplication within the embryo ares is not as variable as was to be ex

pected from the biochembeal data. N b g there are strong tendendes
towards regional differences just in the suggested direction, and they can
scarcely be Ignored.

Apother important prece of information retorded in Tabde I b that amoeg
the mvestigated stages the average mitouc Index for the whole embryo aren
will resch its highest values 1n the 18—20-bour-ald chick embryo. Esrlier
findings (Emaxurrmox 1958) have proved that the RNA/DNA-quotient —
calculated for the whole embryo area — attans & munmum just in the 20+
+hour-embryo Thus for the whale embryo ares, at feant the invene relation bes
tween RMNA-content and mitotic actrvity i quite obwious.

In the account given above the estimavon of the mitotic actmity in the
chick embryo bas been based entirely opon records of the mitobe mdex.

Now the genenally aceepted method of proving the existence of a local eell
F’thmboumlmml]lmmhmdanommttmeloulxnmof:nxﬂi
wanty hugher mitote index. However the mitotic index u conndered 10 give
the relaton between the duration of mitous and that of interphasc, and 2t 2
obviom that no direct 1nfc jon is ined about the g tme of
the cells, v ¢, time for mutons + tume for interphase (R 1935) Cansequently
hmybedifﬂmhmmurprcnhcmumngd’mdmxednmabcmddm‘
rectly Uwpplmurymfmmlﬂanlmlhclnvaﬂgﬂcdwhbﬁ“
hand.cg,nbmnmnonna]hmnlopcapparmccmdzhcmmdd\mﬂ:
of morphologic changes ete., lth,;nndmuuymmgh,.lmhnpusiﬂe
deerde whether an clevated mitot lalex 1 to be roparded s  manfatason
of 2 smulated or blocked cell mulup jon. For further
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the mitotic Index, sec e.g Woonanp (1948) Hornuax (1949) and Warxen
(1954)

Further 1t extily und d that xmall diffe n mitotle mdex are
dcﬁmmlyprwtdonlynﬁuﬂ:emmmﬂmc{nnnnumh:rofadh.
In the present sitnath ded vard of the mean values of the

mhdu.thﬂdmg:mcdmthydhhﬁhvuugzﬂrnltmdcddcd
o try to arrest the embryo cells in mitosts and in that way bring about 2 suc
comve accumulatoa of mtoses. Then i exutent, even munor regional dif-
ferences 1n mitobe actinty ought to be revealed when comparing the relative
accumulation in the vanious parts of the embryos.

B. Treatwest witk Supra-Optimel Temperatars

In the first Instance it was hoped to produce at lesst a mited accumulation of
rmrtoses smply with the mud of & temporarily elevated incut p <

In the cilate Tetrah levatton of the 1 may
beoo-djmcdtbndnuﬂl(mimﬂ)u;momnplﬂdyprwmtedﬁmcum-lng
mitosh, other cell functiom, bowever ¢ ., synthens of nudkeie acids, proceed
ununterruptedly (Zxorazx and Scrmumavu 1934) After reversson to the op-
trmal temperature, cell divinon o started again in the previomly blocked celb.
As the munber of blocked celb gradually increased at the elevated temperature,
the result will be that when conditons are favourahle for mitows, & lot of cells
will enter ths state simultancomly Thus there will ppear a veritable wave
of mitoses In the eell culture.

Now conditlons are, of course, quite different for chick embryo cells than
for Tetrahymena, thun, for Instance the former have a much higher opnmum

Jost owing to thh fact it was at first doubtful whether mitown
could be blocked In chick embryo cells by heat treatment and then releassd en
bloc without serious damage to the celkr.

Krur and Jurs (1931) have investigated the beat sensitivity of teme cul
tares of the chick heart and repoct that incubation for 5 min at 47—30° G
produced a prolonged, bat reversible hlock of cell muldplicaton. At 45—46° C
the hlock was lem pronounced, whereas 5 mm at 42—44 G, finally was almaost
without effect upon the mitotic actrvity In one single case & jmt discernible
compensatory rog in the mitotle index was observed afier the heat treatment.

Drocrax (1932) found remarkably good tolerance of primitive streak ean-
beyos in ovo towards such an extreme temperature as 435 C. Of chick em-
bryes incubated at thu temperature for 5 bouns In ovo abont 30 per caut ap-
peared porrmal when cramined 3—3 days Iater However a1 no allowance
was made for warming of the cggs from room temperature to 45.5 G, the hme
for the acteal beat shock muat have been connderably low.

Single Shack

In the beginning of the present experiments, all of winch have been made
In vitro, embryos at the pimitive streak stage were Incubated at 45 0° C for
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3.5 hours, whereupoa incubation was continued for 0—24 hours at 975 C.
Anmn}ng\bcgmmt}oalmxdthcn:lhxobc-tlan&how:,cﬂ)lu(l?ﬁ)
the sclected umeforlhclrnlmcnlwucmnidmdldcqmteﬁrcﬂ'culng:
dminumpcm:loryhiwofmhmuhbc;xtﬁmxmry experiments had
revealed that such an effect could be produced.
Thccmbqncdhcou}djmmdmlhhmtmcn!,bmﬂ'dxumempn)
longcdwifw:tanpcr-nucmnhcd{mbcrtbne:ppmrdmmauxd
number of pyenotsc nucler as well as pronounced necross afterwards.
Embryos exanuncd mmnedistely aftr the treatment ot 45.0° C showed slight
morphologic changes, How ever 1t was apparent In several cases that the primi-
uve streak bad braadened conuderably Narmal mitotc figures were enurey
abwent and during the reatment they were oinerved only Inmediately afler
the start of the expeniment, when 1t was obvious that the cells were able to com-
plete such mutoses that already were In progres.

The greater part of the nucld were after their treatment in a state reminncent
of carly prophase. In many cells there had occurred a coavension of the con-
tents of the nucleus into many small heavily stained grannla, a pheoomenon,
commonly observed In embryo celly undergoing mitoas at normal temperature
after a p heat tr Thus of the nudear materul o
comsidered to corrapond to advanced prophase. However 1t is amumed that
the mitoss process cannot proceed any further at the hugh temperature as the
nuclear membrane of the cells did not disappear

Here and there in the preparauons a few pyenouc nudles were to be found,
and in fact, there appeared what may poaubly be conndered a3 very much

that the heat trestment led to a gencral disappearance of the nudeoli To-
gether with the observapon of a fainter staiing of cytoplasm in the treated
celly, as eompared with controls smined under exactly nmilar coaditions, it
mdicatcs that the shock has senowly interfered with RNA-synthess in the
embryos
I;Zm;wﬁamqmwmaﬂ:cmmmu«udnmw
intervals and were subperted 10 marphologre and cytologic examinatont.
Even when the mpected embryos had been incubated at narmal temperatore
(ﬂj)m}mth:nﬂhom-ﬁathchaluuuncm,normnmp!ﬂogrﬂ
mﬁduph)tdmlnycnccmmﬂydnmmldwmhmm’*'
vrus much broadened Dwmngcpuwdm‘cmgllcdnocmbryoahﬂllﬂd‘
dmdmmlgmtadnnmhmnmdaswlumwﬂoi
\wm;qnnuunofdxgumh)m-}mgth:cd;uo!mcaphmm
Aﬂolncnlmb‘)lhtwlbcrmdxmlclhltlhtnclmﬂyoccwﬁng
d'dzctﬂ’lnlhchhﬂode’mnlhcpﬂmmmluuktugcmmﬂydﬂﬂm

the recommerct
The restoration of normal temperatures soon resulted 10
ment of mitotic actvty Agruxmmyaﬂnhnhadbcmpracmedfrmcnlﬂ’
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ingmhowuwmgmthch:hﬂxﬂngd&udth:h}ghwmp‘nmmwcwpkwd
thn procem smultancously As a remlt dunng the 24 hours at §7.5 C after
the shack the prevowty comparatively even mrtote actinity m the developing
embryo was changed wito & decided pensodicity reflected in some by waves
of mitoses, In fact mmor waves between them were alyo recorded n some
[= =N

The first g wave comes shortly afier the treatment has ceased, and it
reaches it maximum about 2 hours after the trangder to the lower temperature,
Tt n to be noted however that the different stages of mirtosis that are exhibated
pow during the wave are not of the ordinary appesrance.

In prophase dutinct chromosome fillaments are not to be scen, but inrtead
the nucle are filled with small granula, more or len dutinctly arranged s
stringy of beads. Later when the nuclear membranes have desappeared and all
the drding cells have entered phase, the whole preparation takes on a
very strange appearance, cowded as it 3 with round metaphasechromosomes,
many of which are widely scattered within the cell. Ao the anaphsse and
tdlophase atages art confunng owing 1o the abnormally comtracied form of
the chromosomes. Under the existing arcumstances calcalaton of the mitote
index was almost mnpossdble but during the first wave t was estrmated to
amount to more than 30 per cent in the reguon around the anterior pant of the
promitive streak,

It was evident that the released mutoses were not evenly dotribated m the
cxplanted embryos. As far as t could be controlled, the mitooc index was
apeaally high in the vicinity of the promrtive streak, and mitoses were obviously
;nme&tqumthd)etdndﬂmthnmthetmdﬂiﬁnghym(mmnndmm-
erm)

The next big wave occurred about 8 hours later @ ¢., when the embryos
had been incubated for  bout 10 hours at 37.3 C. As well a3 during the fint
vave the prophase and metaphase stages thow an abnormal appearance with
the chromosame matenal stil] in the form of round granula, but at the end of
ths wave many normal ans and telopbasa are dstmgunbed. In many of the
amaphavs 1t 1 obvicos that the bl bave duficulty in plishl
paration, hence extremely exteoded amaphase ch will rent.
The third big wave danng the

a

grarals, the cumber of sorzsal meceer & coatpectonly nge. However sur
prinngly many tpolar spindles now appear among the anaphases,

Sers of Shacks
Innﬂfm‘thcrcxptmnumlnwhkhdﬂdunbrym-mupmodwhlgh

tcmperature shocks, the author tried to modify the treatment m arder to reduoce
chromosome disturbunces 1 the eells to 2 mummnm without abolishmg the
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wave prumoting effect. To attun such a reult it proved necesary to lower
the temperature of the shock and to shorten the duration thereof,

The appropnate temperature appeared to be 44 0 C. At this temperatare
mmt:mlxynctlhwcltﬂ]prwcntcdfmmcntcrlngmlm,bmdd:m-
perature was lowered further (¢ g, 10 43 C) the reyulung block was apparently
very Incomplete As to the duradon it should preferably be about one bour
(at +H Q) if big waves of mitoses are 10 be effected. But even shocks of thi
lmglhwﬂ]umcnu—budkrmbmcamdmmmu.mmml
mosphogeness.

Eventually a more lenient treatment was arranged so that cmibxyos were
exposed 1o a senres of heat shocks (440 C) alternating with penods when the
incubation temperature was lowered 1o 20 C. A duration of 30 mmutes wis
choven both for the thocks and for the intervah between them. By keepeng the
temperature os low as 20° C between the shocks ccllnlar metabolism in the
cxplants was dowed down and the majority of the cells, peevented from entermg
mitons during the heat shock, were not able to complete cell-diviuon during
the following period of sub-optimal temperature either Judpog from Haxar
pov and hrervs (1934) Investgations growth and differentabion in chick
blastoderms will proceed at least 30 times more slowly at 20 Cthanat 373 C
However 20° C is by no meam an absolute barrier for coll division. Thi fact
was soon realized ip the cyiologic control of the explants, and marcover 1t was
slso urdicated by the finding that the wave-promoting effect from the treatment
was lower than expected. In the lastmentioned type of experimenty the treat
ment usually Invalved 5—7 X 30 min at the supm-optimal temperature,
alternating with 4—6 x 30 mum at the sub-optimal temperature and falloxed
by incubation at 375 C.

Under such conditions an average outotic indes in the explant of up 10 12
per cent eould be attained during the following waves of mitoses. In controb
tthe index lay all the time at about 2 per cent.

In Fig 2 u demonatrated a typical result from an expermment of the ype
Just deseribed The synchronimm which was effected i manifest 1 the explant
nﬂl-ﬁn’tbemplcﬂond'mnlwﬁﬂlqdﬂhﬂmmmdhm
others of the same sort the g on-time of the synchronized cells was found
(0 be 12—14 houry, t. ¢ Jonger than afier 2 nngle shock.

Morphogeneass was in no case quite normzal during the ncubation at optirmm
temperature after the thocks, but apprommately one third of the embryos e
hlbhcdkunevcr:dkmrbmca.lnthemmmlnnna‘u-petmhﬂuh:
found that the morphologic drsturbances had epecually affected the ovtg
mmdum.Dwﬂopmmtdm(a,formwumlyumpmmﬂyﬂb'
served. Deformation of the neursl tube 23 well as the pripuary braun vesite
were frequent. dmmmwdywdmﬂu

The distributlen of the accomulat
tothltol:tu’vtdlncmbryawbichh:dbcenupaedmmcnn@kthothh
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addition {t wa1 pow pomiblc to cxtablish more exact values for the accurmuls
ten. Even 1f ;ndividual varianons in the average accumulation were consider
abl ln the c. 100 explants Invesuguted, the distributional pattern of the mitoses
dmngthzﬂrumhod:wwcuhndxhnnhochmmmdlhcmﬁl
1B,
F‘imwdmwhmhﬂg 4 E- In that very explant
— a3 m the others — the highest average mitotic indices (8—10 per cent) are
found in the immediate vianity of the node aad 1n adjscent aress on both nde
thereof. More towards the fore part of the explant the ndex iy somewhat lower
(6—7 pex cent) Stightly Llower valucs daminate in the hind part of the explant.
A major part of the explants further displayed sccumulation of mitoees in
& narrow ronc along the whole edye of the preparaton.

s N
-

HITOTIC IWOKX (mr cent)

. ﬁ\»x—/
5= i ;:\ o/
] 1\\., Ny

» 40 20
Houns

PSS R mimints oy skt syl a i
immummmmmmmmznmmmhn—
At least for the node region and the arca anterior thereto it will scem that
the varying sccumulanon of mutoses ratber hay i origin 10 the underlying
layers (meso- and entoderm) than in the ectoderm. In the latter nyer average
fation was abways strikingly higher than 1n the two others taken &3 &
whole. In the actmal explant, foc instance, matotlc indices recordsd for the
eotoderm amounted 10 11—16 per eent agatnst 4—7 per cent for the othern

Normal average values for the mme ttage (In ovo) were found to be ectoderm
4-—6 per cent, mesoderm + entodarm ¢ 2 per cent.

Swrnericeg the experiences of the heat shocks show that it m posible with
supcs-op<imal tonperatures to produce waves of mitoses m ithe chick embayo,
Lt chieve & partal yynchroatraton of the cell matenal, However 1o
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provent division of the embryo celhs the temp must be considerab
clevated above the optmum (37.5 C) RAAaynthess k & y
semiuve 1o change but probably there m still n:cynmrgm lmmﬂ
DN\Aayntbab s affected, Through the compenatory increase of mhoses sfier
a heat shock patterns in eell muluplication, if extent, can be more enily
dotingulibed and by secunng the tume for the next wave of mutoses an spprox-
mate measure at least of the gencraton ume of the eells s obtained. However
li;”’ apparent that ddflerent typax of heat shocks grve different valves of the
tter

C Treatewnt wrth Vuselise Inkibitors

Now idscations of a higher mutotie scthvity around the anteror part of the
primiuve streak and in the ectoderm had been clear enough in the heat shock
expenmenty But owing to the obvious disturbances in chromosame prorphol-
ogy as well as embryo morphology it waa ot precluded that the obeerved
distribation of the accumulated mitoses actually refiected a varying beat senutr
vity of the blartoderm cells.

It was assumed that further conclunve information of the mitotic actvity
in the blxstoderms of the primitive streak stage would be obtained with the
ard of mitotc mhibitors at the normal incubation temperatore, 37.5 G The
mhibitors selected have been colch and dsal. As d hed from
condrtions durmg the heat shocks the mhibitron 13 now 1n both cases an arest

of mitoms m hase Prelimis 1 igutions had proved that pill after

F Y 13
6 houns the beginning doorganizanon of the arrested mitoees prsented oo
difficulties in the estimation of the mutouc ndex (or stathmo-kineue ndex, ©
it sornetomes i called on such occasiom)

OfF the 1ohibstors colchicine, as known has been widely used for localimanan
of mitotsc acuvity and cell proliferation in anmal tmves. It b alo been
used for chrck embryos, and strong md of derably differing geners-
uouumunm;nh:uumofdnz-darddchxdemh—mmbuﬁdh
Ovenrox (1958) after colchiaane snhitntion.

The 1nhibiung acuon of ocstradicl on ell-divaion in vertebrate cclby b
been described by among others, v MOLLOwonry (1943) (rablat fibrocytes)
and Towouy and Cactamur (1951) (xmphibean embryos) Corres,
tnhibation of mitoss in wvertebrate cells s described by AonzLL (1954 1533) for
2 trchm embryos. The latter suthor kas emphanzed the amilanty between
the ichibeting acnyon of colch and that of diol, and hay made wx of
Lbehn-mamonedmh!.-mmrcvuhgnd:dm:mcudmy-dmlnth“ﬂ
urchin embryo Aoxerr (1960)

incubated for
In Fig 3 are collected mitotre indrces for chuck blastoderss, :lmm.ﬁ
ur}olnkngdﬂdumzon-mcdiummnum:mkhjane.m
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COLCHICINE OESTRADIOL

s A
s
B
» -

HOURS
Fig 3. Disgrame the acommulstion of mboses Frurh:lcrdbymlchkhnndmndhl
dzkkcmh'yu.m:ﬂnm
Tae ugL)uhmmkuu:AmdBmﬂﬁrrqh-muhdz dn-hq.xrwn.
Each point reprocuts an averege fram thres scparate embryos

]
§

MITOTIC INDEX (per cen

10 two different regions in the blastoderm, regions A and B, which also are
outlined In the figure. They compene A the anterior part of the primitive
streak and B the adjacentarea in front of the streak, The selection of the partic
ular regwms A and B as the prinaipal regions for analyns comes from the fact
that they represent adjacent parts of the blastoderm showing the most diverging
RNA (cL p.5) and ought to be m the best position for
sthowing any differences In mitotic actlvity if costent. Values are not given
for regocs C and D in Fig 3 a3 jt appeared that they were intermeduate be
tween thase of A and B but did not differ mgnificantly from exther of them,
The reported values are as before mean values for all celly in the delmmited
region, irraspective of the dntribution of the cells amang the different germ
layers.

As the prodoced arrest of mitoss was compilete, the mitotic figure obnerved
in embryos treated with colchicine for 3 hours and more are almost exclusively
metaphases. Of course, there » a small fraction of prophases too, but anaphases
and telophases are atnent.

The diagram m Fig 3 demonstrates that all throngh the mvestiguted perfod
accumulation of mitoses w greater in region A than 1n reglon B — both in avo
and in vitro. The difference s ngnificant and has to be taken as an mdication
of a dufferent mutone activity m the brvestigated regions. The distribution of the
mitoscs is apparently the same a3 after the heat shocks,

It was surprising to find that accumulaton was slightly slower in ovo than
in vitro, a3 according 1o WaporeoTon (1952) the ratos of both growth and
d flerentiation of carly chick embryos are slower in vitro than In ove, This may
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Tabke 1/ Sideric ndexs (per cent) in prisuiion ctront emdryes oviaed
(wJLmhdbvuﬂna-hﬂduakhwumlM-
of the rezions 4 md [ s prow 12 Fip 3

Ectoderm Maodam +
Entoderm
Colchiclor A nIL14 a1 410
B A3 L4 1o
Onitadinl A NS 28 25113
B

n2i28 1212

be a thermal effect. ¥n spite of alf precautions the eggs may have been chilld
more than expected during the application of the colchicine.

Laslier observations by the present author have Indicated that chick embryos
culuvated in vitro on the basic medium aloae show practically no decreax m
the average mutotic index during the first 10 hours of cultivavon. In Fig 3 it
appeany, however that both 1n ove and 10 vitro the accumulatioo of cedb
taking piace at a shyhtly decreating rate. It i doubtful whether thix i to be
conndered a3 the normal condition in the embryo tasue, or if it can be ascribed
to & general dackening effect from the colchicme. The latter alternative seems
the more probable, ay it s known that calchicine o toxic in high dosage, Luma
navor (1956) However the present concentranon of coleiucine has scarcely
been 100 high as nuckar damage in the treated cmbayos §s Imugificant. Be-
ndes the same coneeptration Is not towc for chick embryos of 50—60 hoan
incubaton (Ovzmrox 1958)

The morphology of the treated hitoderms was markedly changed after
treatment with colchreine. Thus there had occurred & pronounced shnnkage of
the area pellucida (ns well as the area opaca) duming the treatment, resulting

.”in & sedoction of the original width of the area pelluczds sbout two thirds afier
3 hours ncubaten. The sthankoy effect from colchicime v manifert abo In
older chick embryos, causing much distortion of the outgrowing ocgant. The
shrinkage appeans to be directly related 1o changes in cell shape, Invenigation
by Mezursm (1949) scemn to indioate that colehueine acts upon vmcosity of
the cytoplasm m animal celly with the effect that the cells adopt a Jon extended
shape than before.

The estimation of the mitotic ndex 10 the mvestigated regrans bay been
mmbiuaﬂwnbu-upccﬂwuambedhﬁbuﬁwoftbemxmmordamcbﬂl
whuha!hcymnmlydnm‘but:dbﬁwccnthcgumhyu:a—:bcwlwﬁwlg
;olomllcunnu.llnon.Itlppclrcdfromlheieu:lmm.lnu:uLhtlfcfhﬂd“hIc
r:gmAmdB-muhnmd-nuwdmmhmud:mnPH“‘b_
ectoderm than in mesoderm + entoderm. CL Table IT Further the figure

to the ecto-
dmate that the difference berween A and B has litde reference

derm.
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Ocstrediel

In the prosent ntustion it was of interest to have the found regloaal differences
further confirmed In other smilar experh based upon a diffe mitotic
inhilntor For thn purpose ocsiradiol was choses. The author has tested the
mhibiting acton of pure ocstradiol as well as that of oestradiol-berzoate. Tt
appeared that the former had & most declded effect wath complete arrest of
lﬂmnmumaphnn:dmlrymwbmmzmlmmmn 10~* Added
m the corresp arrested only
lbommpdcmtclllrceﬂ.lcumm;mhuh

concentraton sy applied in the expenments in vitro cad nat lead to proaounced
acanmulation of metaphases in cmbryos in evo. Not even afier inyecdon of the
fourrfold was there 2 aplete arrest of any major part of the
cells nodergolng mitoan, and further increase of the concentration was not
tned as already the concormtant increase in the alcobol (sotventl) concentra-
thon was not quite karmlem to the cmbeyo cedh.

In emennal respects the resulns from treatment with ocstradial m vitre, Fig
3 arclnag with that obtained with colchlcine. Alsonow there is a xignif-
jeant difference m the rate of sccumulation of mitesas between the regons A
and B and ax before sccumulation of arrated mitoses in regon Cand D b
htu’nminml:ttwccnthlthlndB
Thx time of arrested h i still taking place at an
even rate afier 5 houns incabatien with the mhibitor In that period roughly
50 per cent of all cells ;m A are arrested Subsequent accumulation proceeds
at a slower rate, presumably ay the result of a beginmmy doappearance of the
first arrested rmicecs. As a matter of fact, it &s rather diffcult to prevent exact
mitotic counts 1n duck embryos treated with ocrtradsel for mare than 7—8
hours. At that sage of the treatment the clromosomes 10 & great part of the
arrested nutoses actually hare begun to decompose.

From the intermty of the il 1t may be Juded that the mean
generation time of the cells in region A 1 about 10 hours, while for the cells
inreglon B t amoxmits 10 about 15 bours. Corrtyponding valuas after colch
inhibstion are of the mme magnitede. Table 11 firther informm that for ectoderm
ceils the generation time iy about 8 hours.

The calculated trmes are in furly good agreementwith vatues reported for
chick embeyo cells In trwue cubture (R 1955) In the Lteratare no infocma
ton is given about kength of geoeration time in vivo for embryes jost at the
pamuve streak stage, but for embryos of c. 30 boury’ incubatim calculated
wmmmm(mwmmmehmmMM

)

Localaation of the wrrested mitoses ks the sime after treatment with oatra
dial a3 with ecklsane, 1. «., Jation of t

13 Mot P H in
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lhemodtrmo:ﬂ;,dtcrmmglulhemﬂodumlndxdﬂmnlﬁtbcmm—
derm. CL also Table 51

Ocmadiol $has 1o shrinkmg cffect upon the preparavon. In fact st to I
stead & locsenuny effect vpon chick embryo tomues 50 that hlastoderms treated
mlbkhatrltmdmcywﬂlnmmErmecmtdmcupbmdnmup-
pear 5o contracted a1 dunng colehlcine mhitation.

Discassion

In the prasent inverugaton 1t has accordingly been ponihle 1o demonstrate
& lugher mitone actaty around the antenor pant of the prumtive streak thaz
in the sectron of the hlastoderm in froat of e, The result was strongly indicated
already m the heat shock expenments, but was defimtely substamtated only
with the asd of putotic inhitxtors, On the whole it confirm Doxaraes (1937
observatsants, though with accentuation of mesoderm and entoderm as the prin-
apal utes for the varying mitotic actnity withun the actual part of the blamo-
derm. Of these two agam, mesoderm has showrd greater heterogendty wih
rospect to the cell muluplication

Howrver even now the establabed diffe muost be dered m rather
moderate, sod it will scarcely make the primitive streak stand out as » regolar
zone of prolderaton.
Wthin the emmbeyo sres of the 1E-bour-blastod there o evadently no e
gron which deciuvely can be doungunhbed as such a zone. But of one wishes to

ph the mutual dependence of cells on different levels in that ares, oot
can, of course, characterize the whole ectoderm a3 8 rone of per lferanon m
redatron to the other gom layerx. In investigated normal cmbryos the relane
amount of mitases was slwayy definitely hrgher in that layer and ths cond-
tion was, of course, still more prosounced m those embryos 1o whach e aceo-
mulanon of arrested mutness had been produced.
# The fact that the observations to a large extent are based upon embrye &
plants will not mvalidate the obtuned resule Indeed growth and differentis-
non are shghtly slower m explanted embryvs than ip embryos 1n ovo, bat 2
far as known thn retardation will affect afl cells equally and so the explant B
sill directly equrvalent w the nommal embryo. Endence of a contmued
murdenance of the oormal relanon beiween the cells ip the embrye ara —
evtn after explantauon to a basc colture medium of the Jand employ ed bere —
13 green by the fact that such explant will show normal morphogencss danog
therr farther development ip vitro.

Oneompﬁumubmmpurmgmimnmﬁuumzbcnmrﬂw
of the eatly blastoderm mthv.bcudu{ummmmhﬂxmuzhutbtwﬁ
tove streak s Do permanent structure but will last only for e comparatvely
umnPnﬂyulmhdcgﬂ-mmmgdxmmkn‘mmwmﬂd‘"““ﬂb
ty dmappar For the mierpretation of the chservations aove 1 » neocses
kwxnhﬂbcrancanrcxudlmuh~nbnmdmmxgb;maxm\vmbﬂ“3
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of ccdh entering mitons — m rep for dith miling just at the
p—mﬂﬁw:mkmgt.mhc!thntbcdiﬂ'mndgulﬁamdrudynﬁuﬂ
hours, when using two different Inhibitors of mutous, i strongly indicative that
sach & the casc. Judging from the observations of SexatT (1947) the ccll
streamung b not rapid enough at this stage to interfere weriously with the result
over ruch a shart perdod.

The occurrence of definitely higher mitotic indices around the antenior part

actm

Ilgdoubdul.hnwzvtr whether the connection observed m the 18-bour
hlastoderm n fully equrvalent to that prevailing later in development in the out-
growing embeyo body For in view of the obvious dificrences in RNA~coocen-
tration between the mvestigated regions more strilong contrasts in mitotic activ
1ty were indecd to be expected. Thes t will scem that of the observed RNA-
vanation at this stage, @ good deal at least cannot be attributed 1o a non-
uniform cell multiplication withln the blastod; Rather it will reflect the
differentiation, taking place within the blastodam.

As cach of the selected pheces of the embeyo area (1—4 in Fig 1) reaches
right through the blastoderm there o, by the very prawmce of cutgrowing meso-
derm in all of them, a general differentiation going on in the whole area. The
particularly high comeentration of RNA m the region immediately in front of
the node may probably be ascribed to the intenee protan synthess during the
beguinning differentianon of the notochard and neural plate cells. Perhaps a
ceriun accomnlation of RNA will alwo be connected with the onset of indue-
thon wnthin the reglon in quertion, a3 according to Bracyr (1937) trander
of RNA b probably involved in that proces.

As a matter of fact, hhtochemical analysss of the present author for RNA
(besed upon examunation of RNAse-treated emhbryos and controls, both staned
whhpﬂncyurin—cbrumlnm)uwd]uthmu(ﬂmund%m(l}l&)
and Lavanacx (1937) have just indicated that in front of the node mesodermal
cells, and still more 30 ectodermal cells, are vory rich in RNA. Even of the cells
of the primitive nreak obvicwuly have a high content of RNA to0 the vinnl
otimaton of RNA seem to bo comstent with the result of the bsochemal
snalyscs, ¢ of a bugher average value of RNA for the region immedutely in

front of the streak,
Inthn the regional diffe lnmbohydnumeubolhnnpw:
ed 10 occur 10 chuck blastod are worth

ding to Srxarr
(193 thmtcrupnul\hcpdmlmmmk(themde)lmnmmpnwm}y
higher energy requirement of carbohydrate than other regions, whetber dif
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ferentated or undiffe d withm the bl derm, cven i It has pot yet
bcmpomfb!cwprmethkmrupmwymmmmhigbamm
actmryinlhencdcrrgmfoundmlheprucn(lﬂvuﬂgmmxmwum
mmwidemrﬁohwn1ﬂmThenmnnmhonlmdkmxuubnaq‘nm.-
tive difference fn carbohydrate metabolnem between the heart mesoderm and
the neural ectoderm, growng out in front of the node. Thes the latter wodd
depend prmarily upon cxrdative metaboltom, the latter upon glycolyms however
this nterpretation has been seriomly questioned by Durrry and Esexr (1957)

In the prosent invesugation it has been of great interest to follow the srshe-
ponchc end grivlopic distarbences which have been provoked in the hlastoderm by
heat and by mitotic Inhibitors.

It was not surprising to find that heat treatment affects the synthads of RNA
In the chick embeyp a nllar resnlt 3 reported for amphibian embryos, Srar-
wexr (1951) As RNA-protein and RNA presumably play an important roke
in inductive proceases wn the developing embryo and as furthesmore 1t has been
argued that RNA will contribute to a proper cell contact (Bracrzr 1957),
1t secrmns that there o & direct connection between this heat effect upor RNA
and the recorded morphogenetic disturbances.

fn of ek 4 Latl on

synthesns and effects on the meckanbm of divixon, & 4, on proctsa coantaed
with the movements of the chromosomes. Apparently the mitote disturhances
produred 10 short ume expenments by extreme temperatures, high as well »¢
low belong to the last mentioned category (A and Juee 1931 Sezax 1928).
Thus it 13 alto presumed in the present fnvestigation that tht compersatory
increase of mutotic actrty after a heat shock (the nutotic wave) will indicate
that mitons but not DNA-synthens, was brought to a standatill during the
‘lbochmhtheprum!ax!hcctﬂ:nmob-crvcdmbcmnndmwbphm
- it seemny likely that the heat shock has affected suth processes as chromasome
sprralizstion mugraton of the centrroles and aster formanon.
In cha cannection attenion chould again be given to the above-mentioned
decrease of the RNA-content of the beat-¢hocked cells.
Evidence for a relation between rib ] i mdl(::-.-— -
cyde has been presented by jacomsox and Wi {3533) arroadhny
el tein controls cro-
Gu-rnu«.:c (19-5'6)1-56:2:763“;@!.1&‘)011“:’#0 poscibly oy RNAR)
of cellular RNA fn chick Abroblsits, has 1n fact been found t rerult in pro-
phasle whibmon of mitoes (Fmxrr 4 & 1985} In mermematic eells, mult-
pohr.pmd]unmongmhu-nbnmmxhdamtaund-ﬁ:rmﬁmmonbenmc

enzyme (Rauruaxn and Das 1933) .
Thus t appears that a desturbed RNA-synthess may mmﬂzﬁ;wm’bm
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The morphogenetic duturbances 1n chick embryos, caused by oestradsal are
umilar to those effected by heat treatment m the respect that the mesoderm
b lly sffected. Blustod 1 d at the pronitive atreak stge to
a culture medium, i a low of diol (2.6 prgfml
medum) sthow no morphogenens after 24 bours  ncobation. When explanted
at the 20-hour stage, onc observes after the smme time a neutral tube and braln
vencles, but heart and samites are maning If explanny of the peimitve streak
stage are first incubated for half an hoar on a medium contaming oestradiol
(26 pg/ml medrrm) and then are tantiared to a pormmal medimm, they will
sthow a alight d aaly 1n the devel of heart and somrtes. The
disturhances will posibly depend on mterference with the synthens of RNAL
For the closely related sabstance stilboartral there are strong indicatiom of yust
a blocking eflect upon R\A-ynthens In chick embryo cells (Rrexexmacara
1956) In Triton embryos a dimnuhed R\NA-content in the cells it frund after
treatment with ocstrediol (ToxpUay and Cacuaxor 1951)
The rectilipear accumalation of arvested mutoses in the osvtradiol-treated chick
embryos indicates that there 13 no blockage of DN\A-syntbens duoring the
wnterval of the inhibson expenments. It 5 quite a different matter that after
prolooged trestment at high dic} i of deg th
are obaerved 1n the urrested cells, the destruction being accompamed by a
s lom of the ch maternal into one or more intemely suned
droplets, Experiments in vitro have shown, however that ocstradsol can act

By choosing a rufficiently hugh don of diol in the expen
ments 2 total arrest of all mutcecs was secured, and the apparent differences in
seouitrvity of the germ lary ers towards the concentraton of oartradiol, a1 observed
m explanta, could be doregarded. The fact that a similar distribubon of ar
rested mitoses between germ layers » found after colchcine inhibution, cf

Table 11 s taken »2 an ind that dial has not speciBically changed
Triotic activity of any particalar germ layer withun the ted regson.
Nehiber n it Likely that the established difference in cell mulnpl be

tween region A and region B refiects a qualitatively different reachon towards
octrudiol. Actmlly all obeervatons intmaate that the regional differences

bluh

by meany of drol are directly equivalent to those d d
in the colchicine
“"_‘Sl:ﬂ'mnxdlﬁumm acnon between ocstradsol and calehicine
fithe ability of miu that they show when the embryo

mmmhsbcmmdmmanﬁrmcm!bmm.lnthnmmu
lhnmoflmmuhumwmmmdmunhmccdchuncmmm
"P‘tﬁtdsl(themﬁunmmmdhl—mcdaphnu As already turg-
Mlhhﬂmmngnmnhzntddunngmtwﬁhmkhhmupmb
ably cffected by the cokhane fself. For as this mhibitor produces the same
13613015 Acte phynel scund Vol 52
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Eig 4 A Normal chick embryo at mmrmg:bmdm%’
with cobchiesne @ ov ey
experanos

o melkdulﬁ:mm‘k e exnbeyou cochscne

cr charscteristic exposcd

dmd for eml to m

C. ernbry & the streak soage incubated wwh codchicine for € hauTt
TBb:dtu‘:;)mcnhrmhgea)lhtmh-wu oy B (i hes s magpeicaton A
D. Explanted ehack embny (anteror balf of e cmbn amzoedarcly after s ol
bent ahocky. \otce the brosdencd prmahve sreak. i

E. chick embey balf of the embeyo artuy, to s ol beat sbockt
e then incubared for 10 hoars ar 37.3 €. A fube 1 agorly discerd 23
the mudline of the explant. I loo was up i of the sccond mitotie

e
F chick embryo (amtcrior balf of the embry  arou] W wcries of heas shocks
aod incobated for 30 hours w1 37.3 C “etice the ; atprowth of the nemral oeb?

and the abacnce of sormseer.

G. Wﬁwm&mmuﬂnwﬁ
(173 C) aher ioww best

%Qﬂ cefh, arrested m et phase ocxtradd.
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accumtlation of mitoses in vivo as well 21 In witro the decrease does not reflect
a mxtotic pattern partcularly charscteristic of explants. Nather o there dis-
cernible any stmulating acton an the cells from the osstradiol m fact both
mbibitors have durmg the firt 3-hour-penod given practically the mme rate
of sccumulation and it 1s only just mamtamed In the explants wreated wmth
oestradiol. Otherwne t has been demomstrated that osstradiol can have a
strmulatmg achon ot mitote actvity (Bulrovan 1935)

In view of these observatons 1t scems that oatradiol o peeferable to calehn
ape for determuination of ecllular doubling imes m chick embryo explants,
1n experiments on chick cmbryos m ovo colchitine has been the only ponible of
the two, bt care must be taken that the prodoced accamulanon o recorded
not later than 3 hours after the onset of the expenment.

The shrinkage of the embeyo area after treatment with colehicine emphasres
the fact that bendes cell mulopll wnd cell mg also changes in cell
shape play an important role m  ccomplshment of o normal morphogencs,
Differences m cell shape are very apparent at the pemutive streak stage, the
extremiizes are the tall columnar cells in the ectoderm of the streak reguon and
the flat endodermal celh, Mareover Seaarr (1956, 1958) has recently called

10 the in the intact blastoderm of dsstmct Jlular fibces,
which pparently are of great importance for the proper contact between the
embeyo cells.

The present obseryetiom o chick anbryms, treated In ovo with colchicine
for 1—3 boun (Fig 4 B) suggest an arrangement within the area pellocada of
diunct pomts with particularly intense adhenon between the celbs, It seerm
that colchicine may be a usful ool for calimation of the quantittive ditribo-
uon of the abor

Ith  plenae for ™0 %0 acknonkdqe all the Almiblo help [ by recerved from Profemor

1 Ax Agant, Head of the Zoophysological Trstioar, Limed, bn the form: of discumbons and
construcitye crigueam.

T wuh 250 to cxpress my gratiiude bo the Kuogliga Fydografaka Balldapet, Lond, and the
Swedish Natoral Schence Councll for Snancial suppert of oy b catigatfon.
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Effect of Intravenous Infusion
of Glucose on Gastric Secretory Responses to Feeding
m Pavlov- and Heidenhain-pouch Dogs

By
G Dorevact and A, Musex
Reeeived 20 Feboury 1961

Abstract

Domrvair, G and A, Morxx Lfect of iaivervmons xficien of glwcen
o pasiric secrelery reipeas be feoding s Paior- and [Hrodenhons-pouch dugr.
Acta pirysiol. scand. 1961 52 2H—24] — Glucose soluton was in-
lioed Intra cnowdy (30 % 80—100 ml, 30 min) in consdiow dogs with
Paviov or Heldenhaln-pouches during sceretion ebacited by different
procedares. In Paviov-pouch dop  pronounced inhitatbon of the o

ghyermia mainky
#t the central and the peripberal level

The sumulatng effect of hypoglycerna on gastric secreuan hay been exier
stvely studied and the inyulin test 13 commonly used as a way of judgmg whetbe
the vagal imnervation 1 intact or not. The effect of hyperglycemia oo gustris
sceretion, an the other hand, has not attacted much attenton. There 47
however samcrepu’uonlnmhlhmrycﬂ'cc!mwobmncdlﬂm
adminntration of glucoee (Oxapa o ol 1934 Noaix and Raxeamson 1938,
Dar and Kowarov 1939 Frxnuan 1939 Sorasox and Srixo [959) lf,:':
dmmmyhrxcdmdgiucme\mymmmadmhmd il
hiletion hes ot been further analysed, wtm(lsso)hudmune;’m
&ﬁacmpadbddambcmumm.thypuxiwmduadbr
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venous admunistration of glucose may lower the writability of the vagal se
uﬂwycmiahﬂ:ehln,jmuhﬂ)oglycmhnhah.mhmbeﬁcwdn:
the secretory Inhibiton caused by hyperglycemia o largely 2 perrpheral oemotic
effect (Nonrx and Rosoereox, Day and Kosarav Frreouan)

In patents with diabetes mellitos, & moce or lew permanent hyperglyeemia
 often cbaerved, in spxte of traatment with maulin. It has been found that
the inadence of doodenal ulcer s well as the gastric secretory actrvity b re-
duced 1 panents with disbetes mellin (for hterature see DoTxvar 1959
1961) Furthermese there seems to be an mvene relationthip between the degree
of lryperglycemia and the secretory capacity of the stomach (DotevaLt 1961)
Expenments on dogs made diabetic by treatment with alloxan or by pan-
cretectomy (MATO o ol 1938 Bamcaxa of . 1938 Sofrzxx 1960) have, on
the other hand grven rouln whaeh are not in accordance wath those men-
tioued above. Soch expermments do, bowever 1avolve so complex changes within-
floences on different mechanwms that it b difficlt to draw sy conclustons from
these remults, — these reservanoms should be bome m mind even 1n the
cawes of ioman diabetes. There are thus reasons for believing that hypearglycerma
may directly or indirectly at lesst to 3ome extent be resporsihle for changes in
gatric secretory actvity

The present paper n concerped with the effect of hyperglycermua on gastric
serreion after feedmg and other stimulating procedures 1n Pavior and Haden-
ham-pouch dogr, A prelimunary report of the result has been given peeviomly
(DoTevarL and Momrex 1960)

Materinl and methods
mmiemlodnp-dghhgli—uh Pa lov- or Heldenhadn-
been made

dogy were given water and

urmlly
total of 2.3 g glocose woght
Th:luutbdmmuﬂrttthmhpmudn.mu:mxd:ﬂunmndﬂc}
:i::dbymﬂqmchpmqulmN/lDNlOHw&pbrﬂnlphnﬁnuulndL

Blood magar was determined kn soene of the
Py o experiments accordimg 10 Samogyl-\ dson's
Revults
1 Pavivc-pouck dogs. Nine expermments were made on four dogy. Glucose Infinon
w3 started 30-—90 min after freding or during the lest part of the riung phase
of the secretion curve. 1n sl oxperunents this camed a distinet deprewson of
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the sceretion, measured tn majliequivalents per penod 1n most casey both
volume and aadity were reduced. The effect of infimon was conudered aa
intubitory one, when the last sumple duning infison and at least the two fai-
lowing ones tad lower valucs than the one precedmg and two succeedmyg sam-
ples. The mean of all these observancns i given b Fig 1 A. The mesn of 7
control expenments after feeding only ¥ grven in Fig | B Fig 2 prescntya
comparison of the effects In one and the same dog wath high secretsan of 30 %
glucose, votonic glucose and the response to feeding only Fig 5 A prestrtt
the cffect of 30 4 glucose 10 & dog with very low secretion. In most casas the
effect of the glucose on secretson did not become notwceable andll 15 ma after
starting the infunon. The maximal depresnon occurred dunsg the fint o
second penod afier infinkon. The secretson way never completely abolished,

iz A 8 [
il
I

Eﬁliiﬂ 3)ih-n-!

=t ST MR T

Fig 2 Three cxperiments on one sod the seme Prviorpouch dog a_s.duba-m-i
D) sty 1. Fecdliog with [nfoson of 30 % ghucosc. G Focdieg wit afmom of ek
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3. Glucos: Iafision doring tomiog ln Pavio %"2;‘ m
g 1
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oaly more o lem reduced, uyually for 43 min after the end of snfmlon, The in-
fusion of 30 ,, glocose camed a bloodsugar wncremse up o 300400 mg %
wheress with notonie glucose salution, the level of bloodsugar did not exceed
150 mg s whach had Little or po efect on gastric secrenon.

A general observation made during the experiments was that the mbilutory
effect of ghucose was most pronounced during the early phase of secretion. When
glucose vwas administered more than two hours after the onset of scoretion, a
mhibetory effcct was inngnificant or 1t did pot appear at all.

2. Sham-fading or tmasng Thexe procedures, which were trnied 1 6 experi-
ments on 5 dogs, gave mc to a relatvely small and somewhat variable secre
mnbm(herummglnmnmvuym&mg'ﬂxmﬁmnfw glucose
solution camed a rapsd and p lon of the (Fig 3)
Inmmmutbcmcmnwupncmﬂynbdhbcddmmgquh:.kngpﬂ‘bd
of time afier infuston.

3 Heodohespeuch dogs In 13 experiments on 4 different doge glucose was
infised durmg sceretron after feeding using the method a3 previously described
for dogr. In these cases the secretory raspoase to feeding was,
=1 might be cxpetted, smaller In 7 out of these expermments no effect on secre-
tion could be obscrved (Fig 4 53B) In 4 expertments & minute kowering of
volume was seen 45 to 60 mmn afier the end of glocose mfusion, In one of those
2lyo a shight lowering of acidity In extent thoe cffects were bowever 3o rmall
that they 1n no way could be compared with those regularly found 1o the Pavlov-
pwchdngxlnlh:mmlngiupumullﬂghtbuxdcﬁmmmhﬂﬂﬂonm

observed  however in thae cases there wis a banl secretion of acld before
feeding Thas secretion was not due to an 1ncomplete fasting but the experi-
mmummnd:m}y!wcchnﬁu—changmgl}tmhvhwp:uchhm

pouch, & ctimes has been found to give
mmnhmlmﬁxwhidnhcnmchmﬁrnmknnwn_

Contral experiments 2) Insulin, 0.5 TU/kg subcutancously was grven 1o 8 ex
perments on Paviov-pouch dogs. The secreton started within one hour In-
funon of 30 glucose brought about an abalition of the secretion which Lasted
for aboat one hoar (Fig. 6) There was a good correspondence between the
bloodrugar Jevel and the secretory rate. The fall in secretion started withm
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the fint minutes of the infimon, dunng which the bloodsugar increased up
300—400 mg - Dunng the faliing phase of the hloodsagar level the secretion
did pot reappear until the Jevel of blood sugar had reached 60—30 mg %
b) Saline salution wsotonse (0.9 %) as well as hypextonte (30 ) wat ko=
fosed m several expeniments during a secretion phase catsed by inyolin or by
feeding. No effects of these infumons were obscrved, nerther on yolume Dof

andnty (Fig 7)
¢) Inotoure glucese solution did, as previotnly mentioned, not mgndicadt
fl the but in the given It rabsed the bloodsup?

level only to about 150 mg %.
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Thcpramtmulnmnﬁ:mprwhnﬁndlnpdmlnhih:mcﬂ'eumpm
cawned by di tred gincose. As for the mechanhm
mpmﬂ'\ieirlhnmhﬂﬂnm,thermlbmdmdnthyperﬂymnnmlhﬂy
affects the nervows phase of don, A hibitory effect dee to
thtmuxmmoucpmmc{dxbbodmytxru!tdonththcprmm
a3 saline solutiors of the same larity a3 th  glocose solution
u:eddsdmnﬂca.nytypco{mdm.ﬁhnnminutmdxnawiththc
mmdmcmymed wthors, who have made the increase
oEnore presore rapontible for the peripheral inhibedon of Thn
dmnqmyvuywtﬂbeaphmdbylhcdlﬂ’u’mcuhdm;c.lnm
previoos podies large dosss of glucose were given, or the solonons were injected
intravenomly durng s short perfod of time, as compared with the slow 1t
tnous infusions performed in the present expermenty,
Evenf the effect ol hyperglycemis may be ementally retncted to the nerven
phse of secretion there are still a number of different locatioms and ways
through which the effect may operate,
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:)Caebzﬂnmwu,bdudmgmalmtigﬂsmﬂwyctmmmd
Synaptic connections may very well be affected ag different levels. Sinee the
dog-ﬂnﬂrepr:sm(crpuummuwmwwom,itupum’bkthuthzmduc:d
hyperglycemia deprenses vagal actnaty by tempararily abolntung the fefing
of honger and appetie. This could very well explan the rapid inhibrion of
the seoretion urduced by sham-feeding or by teanng As for the differcat sab-
cortital structurey, there 5 very btthe informaton at prosent available, but 2
bas been assumed by several anthors that the vagal secretory center o inhituted
by hyperglyeenua. The present studies do not sllow any conclmmon to be dawn
regarding the central effect of hyperglycemia. It 5 ponible that some 1nforma-
trom could be obtamed by usng different types and levels of anesthesa. In tho
conpecuon jt should be borne in mnd that & possihle, central inbibitson may
be due erther 10 a depresmon of the basal actrarty of vagal centers oc by acns-
tron of whildtory fibrey, the exmtence of which o yet uncertan.

b) Peripheral sympses, ¢ ¢ the connecuon between central vagal fibres 2od
miramural nexrons and between the different neurons constrtrung the nervos
plexa in the stomach wally, may be rhibited by byperglycenma. From the pearo-
phywalogieal pont of view o imvestgstons seem 1o have been made on the
cffect of hyperglycemia on synaptic mmpube transmunoa. The present reslo
do pot offer any direct evidencr w fa -our of an mhilutory effect of glucose opas
tmg at thy level Howerer recent expenment, partly an the same dogh
suggest that such 8 mechansm may be engaged, as the effect of carbackol,
maml} exerung rts actron on the synaptxc level, 15 also mhilbated by glocose -
funon.

c) Nerve endines ar fle I; may be wnfl d by glocor
The zbove ed recent study 1ndi that mtra tnous mfrwon of gheros
10 some extent inhibess the setrriory responyer 2ot only 1o carbachal bur aho
10 rrecholyl and urecholine while the hitamme effect & quite unaffected
(Dorry AL and Mexex 1961) This may mean that glucose selectrvely waterfersd
2ko with the stmulavon proces at tha level It o genenally asomed that

Ltile 15 known about the phywological h P
farther condunons can at present be drawn about these problen.
hmaybcamdmdni[romtbepramruulathumdymdutrdlrrw
glyverma exn 1nhibet gastric secretton. There 13 roason to befeve thot 1 5 cainly
the nervors phase which 1 mfluenced and the efferr may l!lcxﬂmpﬂ"-l;
}oahdunpmpb&ﬂbﬂﬂtmmmugntnoﬂnﬂmmﬁ‘w
tkumpﬂmmchmmmmmdmdbywcﬁm
admonistered mhibuts the actmity of the secretary ceib directly

mmmmwwmmmrmdnmvmd
Gotbenbyrg and from the Swedish Medical Research Council
Techiocal asistancr was givea by 3m Stooa Jomuamot
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Effects of Ethanol on the Membrane Potential and
Membrane Resistance of Frog Muscle Fibres

By
Evexr hxvrooas
Recrived 4 March 191

Abstract

EotTooY E, Efcts of cthowl sn the membrone potentssl omd suemicome
resutance of frog moscle fhor. Acta piymol scand. 191 52 242208 —~

froo dufferent fhbres, the ume coume of the potental chany + mdoced
by diferent concentratram of ethanol was fullou ed for persods of up o
ooc hour At the bowart coocrotratoos mwd, 0.05 ead 0.1 M, & d~
polangatan, althoagh slow and som-tima oregular could orually be
demopstrased. At coocentravon equal to of brgher than 02 M,
marked kowermog of the menbraoe potertal alue was regularh
observed. The depolarzatoo it incremsed wrh hogber cthanol con-
tent, a typeca! rembt bang a 15 per cent reduchon of the mimal mem-
brane poteniad value after 15 min of exposure a0 | 0 M cthanol
Revernal of the membrane potrnual changes sfter the ctmnol had
bern wathed out fram the munck bath was abo demosstrated.
D of the ol rehinon of the mule Sbrr,
enber by square pabs amhums or by dmect recordmg of  oluepe
current curvey, revesled  gradual kowensg of the membrane

the effecct intrencng with th  ettunol concentranon from 021 10 M
21 kow er CoDECRrARONS the changes m membrane remmtance w ere withs
the ponm! anavom found m untreated mudle

Oncoftbearhmabanncmouaauhlrt}dungumductdb)ﬂh“d
was made by vor Huusotor 1797 who op frog perve muscle F‘P"’g
found an imtal increase m axotabadity followed by s decrease Jemduing 10

242



in threshold followed by an ncrease and wmilar exvertability changes were abo
hmdmmmumthdhmnhmhmdﬁngm\nd:apmcdma.hnd
{BLonaeraar 1896)

VWhile nnmerom stodies of the effects of ethanol on the exaitability of nerveand
rmmscle trwue have unce been published (ef ¢ g Lucas 1913 Buowe 1925
Kocmaer 1936) there seem to be but Little work beaning on the fundamental
membrane procemes mvolved. In a study on frog sclatic nerve, Garrroo (1948)
shawed that ethanol applied to a nerve segment caused demarcation potrntals

tion for both the Incresse and decresse in exatahility the latter appeanmg o3 &
result of cathodal depreson at lagher degrees of depolanration.

The Tl lectrode technsg Ithough applied 1o

studies of other drngs, has apparently not been used in any systermatic amalyns
of the mechantm of cthanad action on exatable membranes, The present
paper gn a1 an account of mvestgatoas dengned to study wath th techmque,
both the membrane potennal level and the membrane reastance m froy mincle
preparations exposced to ethanol m different cancentrations.

Methods
Prrparstum. The experiments were donce on sartorios mancles of frog (Reme womperars)
which were dimected ot and plsccd m bath Ringer  soluton of the
compositan (mAM) me DaQl 1135, KQ 25, Cadl, 1.8, Na,HPO .15
NaH,PO 08% and with pH value between 7 0 amd 7.5, The whole bath was
I gus chamber of penspex through which 100 per cent oxypen was paseed 30 a1 0
obtaln  constant exygenabon of the bath, In same expert the bath was

were filled with .7 M k(1 sohution by
bailing 10 ethanal at redoced presare (cf. Tasaxt o . 1934) The reostance of the

between 12 and 30 meg
\ anatoos In the bp punction potentials of the mbcroprpettes may mtroduce a

thvely low
should preferably be vaed muphmﬂmmmmmummdfpl;mmm
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reenin,
LS e

Fg 1 Dagram of 1 for & of valtage-currest refatin.

trig way The microprpettc was first placed with the tip in 2.7 M hQl sohutian, This i
within the

Junction potential, Ringer clectrade
negligible. For the Jettrodes used in the peosent Im estagation the Lp junction potential
were kund 10 be  p to 8 mV The adminntranon to the Rmger’ solunon of cthanol o
the concentrations used in thae axpenments did pot rosult m asy recordable chaage of
the tip potential

AMrmirow poicatsal reondng The microelectrod  wis comnerted to an mpat suge o
cathode follower type (Haaraxax and Otrosox 1934) coupled to  de smplifier
(Haarawen 1939) driviog onc channe] of a double-beam osalloxcope sy well x5 =
inkwriter (frequency  esponso [faec)

Two different typos of experiment were wed for the stodres of the membrane pors
tal changes, In the firtt, the resting potental of one fibre was recorded contamously &¢
a comparatively loag perrod, up to bout an bour For such long-lasiung recordogs 8
basehine dnft has to be anticapated, maloly due to diffusion of soms at the dte of e
microclectrod  (de dnft in the ampltfier about 0.5 mV per hour » peglrgibie, =
Hasraxen 1939) The bascline drift was = fox by g the mewb

obtained by conpecting the B0

recording In the sccond type of axpenment, comsecutive bl (up to o
minute) were made of the membeane potentialiof - surmber of differeot fibresin e mumce
before and after admumtration of ethanal in some casxt abo afier the cthanol hed beed
washed out.

Dastocinatron [ oliage-corrent reiatwn. By micring two macroelretrodes into the s
cell, un g oae to pam an electne arment through the cell and the otber to recond O
resulant potental deflanon, t b posible to stody the dll t refathon, for
d ki aof the 4 {cf Farr and Karz 1331) 'l'benrx'lﬂt\"l‘:l."l1
for the prescnt brvestigation s shown in Tig 1 The clectrodes were kept Jos than
mm spart, except in few where the de distance was 0.4 B

Two different procedures were used. In the first, current was  pplied 2
i;gmpuhuofﬂﬂ-—lmmdmmmnnbommalmm e
applied qurrent was recorded as potentual drop serom a knowm resitance oa o0t
u(thnmo]bupemdtbcrmﬂumdetcmmkplxm:mnbe

voltagecarrent elaton (V I

reached a steady level Echanol
md_hs,hdlho‘mnrumﬂymumvlnﬂq.




mY

meanrenens mrtortos Teacle of ot xposcd 0 cthencl, Absctmes
hmmmmmmm%wmm(mhm

lnmmmmmvmymdmm(mmmM)
m_dlndvtﬂnmd‘lppﬂdmh(mdtymﬂrdtdnmﬂald&dax

changes In of the
‘beara. The current

current gencrator was mmﬂymumﬁﬂgmduﬂyw
mﬁmOl—&&;Ahmdmﬂ.l—MpAmudw thn
tage-corrent

kept mther coostant, the
sverage time used for each of theae recordings being about 1 sec. For analysh the csclllo-

scope trace was photograpbed and i fmage enlarged and traced onto coordinate papers.

Rexults

I Chanpes ex membrane potential leoel

Typical resuts from an expert with t ial
measmrement are lusmated m Fig 2.Th:tvommmmnxiuofnﬁog ere
placed m separate baths, one of them far cxpasare to ethanol, the other servig
& controd  Frrst about 10 fibres were measured m order to gain an idea of the
average valoe of the membrane potentabs (4) the range of which was found
to be from 77 to 86 mV w th a mean valoc of 82 mV Then one fibre (5)
with 2 membrane potential value in the upper part of ths tange (8% mV) wa
wlccted for the comtmuous recording During the 10 minutes of recording
before ethanol was adminmtered the potential varied between 84 and 89 mV
at the moment of adrnohitration it was 86 mV

After cthanal had been added to the bath, to a concentranon of 1.0 M a
gradual depolanzaticn of the membrane coald be observed, in this case at a
tlow rate during the it minutes of ethanol exponure and faster after the 6th
mmnuate. In the 2nd o 23th mmutes maxdnnm depolarization was reached,
18 —612013 Acia phyriel. xand. Pol. 52
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and In the last minutes of the recording the level vas comparatvely even, the
{ 7final value after 30 munutes of cthanol exparure being 65 mV

gave a mean value of 58 mV  range from 52 to 68 mV Fibre membranes not
exposed 1o long Iasting mucroelectrode 1njury were thus depolarzed to about
the mme cxtent as a fibre membrane during continuous recording Mess-
urements from the other sartorits muscle of the same frog (D) gave a mesd
value of 82 mV range from 76 to 8+ mV The conformty thus found betweez
thcr:mtdlmAnndDLndmaLhanmhubeennougnlﬁamchm!‘m
the recording conditions nor in the state of the untreated muscle fibre.
A]Mghthmmybcmcnmmmhdﬂmtmmu,dww
ratlon counc shown 1n Fig 2 15 characterisilc of the effects of ethanol at the
concentration I G M m the presence of axygen. To some extent the depolaris
Lmncammdepmdoutbcmpplyafoxygmmmchuh,(h:drpdmn“w
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mcrbruss potentisle as messured f recordisgy from different Gbres
b IR i \teoa of eibaoal (cooccainndon 1.2 M) C after
recordiny

different ethanal concentrations from 0.03 to 1.0 M. At the lowest concentration
the depolariration developed very slowly amoanting t only 6 mV after 43 mn
of cthanol expanure. At the higher concentranom  pplied, the depalarization

rate incressed wth the ethanol coatent, reachmg 17 mV in 13 mun at a con-
centraton of 1.0 M. Tt was faurly ch ristic that the depol

at

centration was equal to oc higber than 0.2 AL At the Jower concentrations,
0.05 and 0 1 M, slow depolarzatiom were usually obterved — a3 thown 1n the
figure — but there have alw bern casa when no change of the membrane
potential war pereeptible, as also cases of rarment ton These
variations may ponbly be due to differences m the state of the musde. Exenata
high concentration the mat  of depolarzation rry vary from oae expertment to
the other Thus, ¢ g, in three tmng a of 10\ the
m&xmm&pdnmd:ﬁa\imndmmlmmk&thﬁmivm
12, 15 and 18 per cent, rapect ely below the inftlal meambrane potental
values.

The other method med for the sadies of membrane potential changes
unpleed manmeoens fom difoest mod Shre In mapd succemon
dunng the whole course of ethanol action. This experimental procedore was
chosen in order to prowsde further cvidence that the depolanrauon 1 not doe
10 a combined effect of ethanol and the injury gradually infiicted to the cell
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effection
E“(mmt(d.h(dy befare, ,_E"‘; ‘,“’o"“"| Ul‘dnmnlntdbympdgm},-:

)
ym.nmxmm I
e Rberivot ubiahin Sok-p s porential van

during prolonged lectrode recording An experiment of thes kind b
fustrated 1n Fig 4 Measurements of nine fibres sthow a range of the recording
valires before ethanol adminutration between 70 and 85 m\  maost of the vahes
bang about 80 m\ (d) Aﬁcrnddmgﬂhanultomebuhupmnconccnmﬁm
of 1.2 M (8) the b were ely reduced to valoes
around 40 mV after about l.’nn:un Eighteen runutes after ethanal admmistra
tron the drug was washed out, the muscle soaked 1n Ringer s solutson, and then
other cells were tested (C) A gradual nse of the values eould then be observed.
About 50 mm after the drug had been washed out the values of the recordings
were between 60 and 80 m\  the highest values thun obeerved being comparable
to the membrane potential valoes before ethanol admunistranon.

In s umilar experniment, usng a lower concentration, 0 1 AL, a depolanzation
occurred from 72—80 mV to 50—63 mV during exposure to ethanol for 30
mun. At a lugh concentratson, | 7 M, the depolanzation seemed to be of almost
the same order of magmitude s at 1.2 M, whereas the repalanzaton of the
mzmbrmunﬁ:rrcmnvnlohhcnhlnolwnngmﬁnndydm\tr

II Membrene renstesc chanpes
In order to study the changes in membrane reustance camed by ethanal,
the vaoltage-current relatron has bern determuned by inserting two mucrockes
uodumtuthcnmeccmmtopx-ammnthmhamrmdthc‘w
changes mnduced (ef. Methods) The electrodes have been kept in the sm®
pouton throughout the an ar which males 1 pomible
lom:dyrd:mrcbanguoftbecﬂ'ca}vermmnccoﬁhcmmdcﬂ'bmbﬂld“ﬂ

mgivcthcdnumrytou]mhmtbcnummcvﬂucufmcmm

reustance of the membrane for thrs purpose measurements bave to be madeat
bowever certam erron are introduced wnto the

w:ﬁngdccﬂudedmm..&s,
apwcdtocﬂ:mnlumbjcauhompamﬂ

messurements when a muscle fibre
penctratiam, determunaton of the numenic valuc of the transverse reasant®
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have pot been included in the present ovestiganon, To what extent the changes
obscrved m voltage-current relation may be referred to changes in the transverse
remstance will, bowever be dscuned below

Fig 5 shows records from an experunent using hyperpolarizmg square pabics
of 0.1 uA and a duration of 50 mcc. 4, recorded before ethanol adminstratoa,
1howa & membrane potental ehange of 10 mV after the stable level of the dec
trotome potential had been reached. The relaton between thus potential change
and the arrent applied s 107 {2) B—FEarcrecondsmade 5 10 15 and 20 mm,
raspectively after addmg cthanol t the mmcle bath. The stable potential
changes were 8,7 6 and 3mV repectively revealmg a gradual decrease of the
V 1 ratio to 50 per cent of its initial valu after ethanol exposure for 20 min.

In Fig. 6 the results from three typecal expenments of the kind have been

tically represented. The cthanol content in the different expenments
wat 01 0.2 and O M rapectively One record was made sboat every 2 mm
and the relaton V' T was anmated. Dhimng exposare to ethanol 1o the concen
tratson 0.5 M the V I ro gradually decreased and after 30 mmn amounted
to 72 per cent of the rutial value, At a concentranon of 0.2 M there was a slower
decline of the VT ratwo, 2. by about 12 per cent 1n 30 min, whereatin exper
froents unng 0.1 M the declin  dunmng that tme was 6 per cent which cor
responds to the range of variabom observed {n measurements on mumele in
Ringer's solution for the same period of tme. A greater change m the V. 1
rano at higher etianol content was typacal of all expenments (cf. Fig 5) and
s most clearly seen when the ethanol concentration wms increased stepwise
m onc and the mme cxperiment.

The second way of mesyormyg changes 1n the V I mato, using gradually
increating corrent (sec Methods) correspondsiothe determnations by means of
a whole scries of positive and negative square pube sumulations of different
amplitndes provided that the continuom incresse of the anrent 1 sufbicently
slow The ume 1 vec foc increase from — 0.2 pA t 0.2 pA proved to be dow
encugh, giviog the ame V 1 relation o by apphication of & seriex of anrent
pubser. Fig 7 thows an exparmment of this type In which the aurent has been
grachally changed from about — 0.2 gA to about 0.2 A, rerulting In & con-
cocmtant change {rom 20 mV hyperpolari 10 20 mV dey
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of the slope, miplymg a reduction of the ratio V I 1n agreement wath e
rerults obtained by square pulse snalynt, There alto occurs a progromve
fatscnung of the voltage<cinrent ctrve when outward aurrents of high intenuty
(> 01 pA) are pamed. The cautc of this phenomenon which seem to be
connected with retivaton proceses (of. Jexzxscx 1959) wall not be denlt with
n tus work.
The change 1n volagecurrent relauon imply that the effectve resssace
, of the fibee bag been reduced. Most likely this reductior can be referred o 3
change 10 tramverie membrene resstance. However fuice it 5 well knowa
that ethanol pames rapidly into cefls (Ovexrax 1902) an ethanal effect aa the
wiernal renstanes hay abo to be conidercd. An anempt has been made ©
esurmate tho effect a3 per following, on the bashs of the asumpnon that the
ethandl effects on the remtvity of Rmger 3 solutsn are comparable to those o0
the intesnal repstivity of the mncle cell, 1n sprie of the conmderably lower value
of the latter (Bozixs and Cory 1935)
Amdddmmmmbymumdgembod,dmmﬁviw“
Runger  solution showed that cthanol contents of 03 M and } 0 M rabscd the
oty valnas by 10 and 16 per cnt respectsvely Paying oo reqard 10 ol
distribution changes tecondary to increased permesility the wflucace of soch
an focrease of the 1naternal resssivity on the V I mauo can be exhmated by
w&wmmzmmmmmmmmuvww
Farr and Kz (1951) The calculatians thowed that an incrosse of the mcerms]
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reuttance by 10 or 16 per cent would result 1n an incremse of the effectrve re
mstance of the fibre by 5 and 8 per cent respectively However the expenmental
data actually obtarncd show a decrease of the ratio V1 by about 30 and 30 per
cent at the corresponding cthanol content m the muscle baths. It seems therefore,
on the bas of the datm available at present, that the ethanol effects are munty
1o be ascribed to a change m tramsverse resstance of the muncle fibre membrane,

Discussion

In 2 bref report on the mfuence of vanous taxe substances oa the membrane
potental of frog muscle fibres messared by means of intraceitular technuque,
Tavc (1952) smated that the cffect of 1 M ethanol on the membrane potental
was quite imignificant, po depolanzation being recorded durmg the fist 15

mm and & change of aboat 10 per cent being observed afier 90 min. It has not
been posible to compare TAvo's reulit with those obtamed 1 the present

g as the expe: 1 data grven m hs report are too scarce.
It can only be suggested as & pomibility that the duffe m results i due 1o

differences m the oxygemabon of the musce baths. In the present series of
experiments it bay been found that ethmnol-mduced depolariaton takes place
very tlowly under anomic condibom and 1 then of the mme order of magnstude
a3 reported by Taoa
The resulyy obtmined m earber studics of demarcabon potentals n frog
nerve exposed o cthanol (Garrrco 1948, Portrexax and Masxcorn 1949)
cu-rq:oudlnmme upocumzhdn:ﬁ:urdindzpnxmlnvnﬁpnmuﬂng
= 1 changes in mmoscle. Thus, recordable
dnngulppuxnnmnﬂthenmeth:cmdddmcd-bomOIBLmdbcLhm
Derve and muscle there 1 an incresse 1n depolaration with increanng ethanol
cortent. In view of the different recarding techoiques wsed, t i however not
possible to make quantitative comparisoms of the membrane potentlal changes
observed in the two types of tsues.
T‘hz:undu:mdmceb«mm:ahmdmmmmry
1o prodace the changes d. din 1 and the
oo which, as has been shown by Buosz (1923) reruls 1n & lowermg of the
threshold o direct summlanon of frog mmele. To the threshold rise appesting
at uhmolmmcmmrrupondmmcncddqnhmdoumdlfmhﬂ
reducth n analogy with GALLE0O 8 resnity on
Dﬂvequmcdlbo\t,bmhlhewmllmmdlhcmtnqumtrtdocda\d
the muscle excitability may be cxplained by a red of the
potential
Accordmg w generally accepted views (of. Unmio 1960) the potental dif-
ference betwcen the inside and the outnde of the muscle fibee 13 related to the

dientsof th  diffusahle jons and ther permeabuity coefiacnts.
Tbcmmmmunhnnncondmdmmgq}-mlwdon,tmplymgm
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wncrease of the membrane permeability to ont or more fons, may thus be pres
mmcdwbc-pﬂmryamofﬂwchmgaoﬁhzmbnmpommﬂdmmg
cmwmﬁcﬁnlh:mhmmlhcpamlﬂntywmmu
chlorde fons will tend to increase the membrane potental, whereasaninereme
in the permeability to sodium roas will cause & depolarization of the membrane,
scen to rugeest that the membrane permeability to eodion joos b afferted
dunng ethanol exposure, However before conclunive cvidence can be obtamncd

of cthano! on the membrane permeability 1o hfferent sons,

The wuthor {3 grextly {ndebaed o D C. R. Skoozomm for catinued adrce and encoarsgement
and W 3r L. Haaranor for cosstmction of sppararo.

Resoyuthoouashagrt™ Karolinsks brtbe,
and from The Swedish Medical Rewenrch Cooncil, me well as by & graot w (LR, Sxoqrm frea
8¢ matrdrychasonining™
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Stratification of Absorbed Solutions
in Mesenterial Veins!
By
Gorrar Gsruino
Recefved 16 March 1961

Abstract

Osriing, G Straificatsen of ehiached sixtuns 1n mesrsbers] teing, Acth
physiol. scand. 1961 52 234266 — Strauficauon m the mesentersal
venows blood of solntions which bave been  bworbed from the small
intextine was demonstrated  Isotonfc aod hypotoadc sodnom phorphate
solution and water were transported in the upper and hyperionic
glucoee and mhine sol thons in the lower streambines in the mesenterial
veins. Thoe obsrvation thow that tho blood stream b laminar and
that the Lo flow d fously m the portal veln
after infection of dyes etc. abo occun in the mesentenal part of the

presence and absence of stratdfication are documed and differcnt ab-
sorption hanistme are dered. It bs d that stratficabon
depends on  mtestinal shovt-cut ahworption™ Acrording to thw bypoth-
a1, under cermin conditions translocaton from the intesal lomen
of intramtestinally molled solutions to the capillanics thkes place v
gaps between the mucosal epitbelial cells. These gapm are peoduced by

expuluon of cells frum the epithelul border durmg the absorption. —
1a0] 4iostered

Strauficauon 1n the penpheral if of ntr ly
rdummslndnupmdommmamd:rmummndmum(&nmlw
As these observanora have been publithed only 1 Swedih the phenomes
will be detcribed brefly here. Examples are given of flotation, scdumenta e
and absence of sraufh of sotutions 1n the cria] vein after thelf
.hnrptionﬁ'tmthcmllimmc.mmcmptnmxd:maﬁun‘b‘"
phenomens.

A prefimimiry report of tus work wes proscnted the 1X Scandinsvien Phiysiolagical O

e 1937

254
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1 Flotstwe, when Indian tok dibmted with w br b infected sowly jnm  plasnc
?&ﬁ%mmmmmmmmﬁmwhhm
sreamlmes.

Fig. | (nght) Swbmesiatom. when Indian iak dliuted with 20 per cent mline soletion b lnjocted
dowlymt  plasoc tabe with ferw fog water the dye setthes and T the lowest

The stratification phenomenon

Fig | Thmrates the flotanon and sedimentaton phenomena. Flomtlon
onginates when & wlution or suspennon Sows thowly mto & lemmar (stresm-
Tine) etream of flusd of hrgher speafic gravity 1ff on the other band, the fluid
flowing m slowly hes & higher spectfic gravity than the flud m the plastic
tube, scdimentation occurs. If the stream in the tobe B not laminar but
turhulent, no sratificaton occurt. [t can be seen that the Indn ink introduced
o dismbuted in eddies through all the strata in the plastic tube.

Stanfi can aho be d d larly m both test amumah
and man (Oereow 1932) If mopensiom of Indian ink are injected slowly
wmto a well-exposed and Mumunated fogular vein m rablet, fomoon n the
blood stream can be seen when the Indian ink 1 diluted with water and
sedimentatton when the Indian ink b diluted with 20 per cent sline solotwon.
When thin blood vemels are wed for stratification experiments the blood &
allowed to run from the vemwel some dstance from the injecton ute into a
test tube via & needle. When water-diluted Indian ok b used, the
wreamlines of the blood which run from the need! arc black and the black
color accumulatet 10 the topmost strata of the blood m the collection wbe.
When Indian ink of higher specific gravity than blood 11 med the black color
o found 1n the lowest sreamlines and the Indian ink runs down and ac

Favity of the solutors. Uung labelled phosphate sototl if]

b been establubed following slow inject:ons into peripheral veans and artenes,
and also in the fomoral and reml veins after injection mto the femoral and
renal arieries retpectively (Osripm 1952) These observatioms concur with
the generally held vicw that the blood stream m arteries and vens (s mostly
laminar (Bustos 1952) and seem o indicate that yreamline fow alss occun
n capillades,
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ﬁmmdlhchtdin:wbymmhﬁxpahd:u(dﬁamxhnhpﬂamtb:upui-
ment. \arther were the exterior Joop nor the
d&enhnmlnjcﬂ:dhmhdmyign}ﬁancehdurmguhcmmmmpalm
and 38° C.
lmmuﬁndylﬂtrmchﬂetﬂmddnwdnﬂu:lnmth:mthcbhodmnm
from the needie in the mesenterial vem was collected mto the $ ml test tubet, Depending
on bow the experiment succeeded, 4—12 tube full of blood were obtaned. In succesfil
expertments the first tubes filled I 10—15 sec. The Bow of hicod then gradually

roaghly equal sirata. Each sepsrated stratum thus obtained wis then mixed by shaking

vigoromly
The folkom b sokutions were employed o the  tmorphon experiments
Hypmrnrnﬁxmpbm]ﬂntemlnﬁm (0,15 g NaHPO, 2H,0/100 ml H,0)
sodlum phosphate soluban (1.3 per ceat)

thom varled
In relation to the blood plaama, In some of the cxperments wmng
water 300—700 C of P** wes added in the form of ceu;ﬂcd’dmpno(mm-&rel‘
solution (obtatned from England)
The radioactivity In the blood samples was messmocd with the sod of & puca window

upvnm-r mmmwmmmmwmmm
and sodrum chlorkd salttons scdimentation was cstabhched whth hypertonic ghwos
and sodlum sobtions.
Resnlty
Flatatun
Ten rabluts were wied in the expenmmenty. Tahle I shova the stratificatlon
m the blood of the meentermal vom 1n one of the experments 1 which sotome
sodium phosphat  solution was mjected into the Intestinal lumen, The radio-
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Table I P"hdh-mu{mwwm(hu fe odl mph pi 1t
I0int n wcie the smell intesiine

Nomber of test tube
L N R 2 TP

Serarum 1 (sopeost)

cpm Q.02 ml L. 124 M5 413 2 1553 3332 463 WD Q%
Statom 11 cpm/

0.0 mi. L1} LR |7 A ] 897 1351 2,130 2458 423
Sratum 11T cpm)

002 mi 21 19 21 52 100 33 s e a5 am
Smnmm IV epmf

0.02m!. [ ? n 19 164 338 40 s (@

Bamphing tlme in ;. 20 15 0 B 4 0 60 6 & W

Table LI Pt foiaisem in sesonicrsal ceovus bosd gfier wiiaction of kyp 1 d mphe plan
5 Intie wte the cmall wicstine

Nanber of taat tobe
1 2 3 4 5 6 7 8 L) L)

Stratam 1 cpe/
anm Bl Iz S5 MR g2 1450 2068 2446] L9N7[ANT
Sratmm 11 epem/

53 19 400 M4 s @y 649 g 151N

M 1@ 210 17 44 39 w6 49| &3] &

Sratam [V cpoyy
eatal 7 e 13 I8 206 ¢4 w0 roi| 8| 1%
pil 5 1 s w8

acuvity n» obviomly greateyt in the topmost stratum of each tube, decresre
towards the bottom. Flotstron was observed n all the expermments. In some
the Botaton was sightly more and m other shightly lem pronounced than @
the case described m Table T

Esght expenments were made w th hypotone sodium uﬂ“!";‘['
Flotation was as pronounced #3 with notonic phosphate sofution. Table
shows the results of one of the expenments. -

Ty ety o 0¢ cxpenments were made with dotulied water o-rn:;dh”m
Table 111 grves the results of an expenment n-nhdu]lcdmraowdm
arrer-free P solunon. Flomuon of radsoactivity and water nas
(hymmmmrcdaiofdthcphmxlntheuppdmﬂﬂhrﬂ’d“"d
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Tabie 111 Flatctun in mesakrial vensas bood aficr igjoction of distill d e 14 comiaicmg
cxrrierfres POt miy the wall imiestons

Number of test twbe
1 2 3 4+

w
o
~

F T s T e 2

Sramml  pmj0ftml M0 33 4H7 3304 S84 6013 124m
+ + LR e A

Sranmll, cpm/002ml M2 1769 1B L34 4260 256 2,700
+ + 4+

SommlLem/@ol. 2 1131 2013 4ps 253 18 1963
+ +

Sentmn IV qrmi0@tml. 31 |O1M3 236 1m0 120 137

Sempling Ume in seconds 0 0 B 40 43 s &0

The + rymabols inficate the iatcastty of redctainieg of the phewna

from glotan Lt d by L i Flotaon — indsemted by vmihle
red-stainmg of plasma — was not as regular a phenomenon sa m the experr-
ments with notonic or hypotonic sodrum phosphate solution. In 3 exp red
staining was pot chwerved 1n a single one of the blood samples taken. In 13 exp.
red flotation was observed n all the tubes and 1o the remanmg 11 teats the
topmost layer of plazna stamed red m 1—4 of the hlood sampley., In 3 of these
11 exp the water was labelled with carner-free P27 solution and typecal P4
flotaton was extablished in each test tube although fotation of colot v seen
only m |—I—4 tubes, respectively There findmgy indicate that the water
had ren o the upper strata bt the hemalyss was 50 weak that it was mn-
pomible to detect the red color with the naked eye.

Concixrwn Isotonsc and hypotonic sodlum phosphate solutons and water
are carried m the upper streamlines of the blood 1 the mesenterial vems after
absorptron from the small intestine.

Sedrminieison

Fifteen rablus were given hypertonsc glucose solotion contmumng P
Sedimentation was observed 1n evary b In all th  expenments. Table TV
grves the reslt for an cxperiment m whach the glucoss content and radio-
mﬂﬁwdmehymmdmndwhﬂmmdndmmhnwmd

o : | wis observed between glucoe
Indrh:lmcﬂvrtyltdlmuﬁon nlhhor‘.heo(.hcrnpcnmcnn. In some
expearmaents, in whech 50 per cent glocore solution wathout P71 was used the
glucose sedimentation was of the ame magmtude as in T ble IV
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Table]} Softmeniaton in weseierial ensnt bload &
Garxing I sete fhe swnel] &fber bjaction of hyperton gl ¢ 10 o tien

Siawm I,  Glucose cootents g /100 mi 158 146 [~ 17
Boratum 11, Glooose cootent; mg/100 ml. 158 178 178
Serarum 111, Glocee cootent mg {100 ml m s m
Stratom IV Ghxcese content mg{100 mt 190 194

Statmm 1, P' comemt cpe/0.02 ml 1
Statam kL, P*? contents epen /02 ml 8
Srutum 1 PP content cpm {02 ml. n
Stratum IV P* cootent cpm/002 ml 69

40

Sampling time In scconds

8 H8s, HES5E
P
LR=a EHB

¢
¥

Table } PUl-subimentaton o mesasterral sencs biovd afier ipacts of kyperten  sedivm
chle ids solut o combammeg P*S iae the covel! mbestrms

Number of text tobe
1 b 3 4 5

LS
-

Seratuml, cpn/Q@ml. 43 5t 62 L 7 100 12
Stratum 1T epm/002ml 2 2] % 9 1 b bond
Seratm [T qpen/Q02ml 45 L4 137 % @3 4 334
Soamm I\ penf0.02ml 52 9 b 613 1 k24 1ol
Bamplhng tome n seconds 50 [ & ] 100 120 15

Tnh!eVnﬁnmlncxpcnmmtmfhhypcﬂomcnhneduhonmthP‘
lddnm.ﬂlcﬂdmmvl[ywuhlgbﬁtl!!htbmmuf[hccdummufﬂuod-
The series comprosed 7 exp Sed: 1on was observed 1n all of them. Tn 2,
however there vere indmadiml tubes In whach the radioactry was almort
evenly dstnbuted througbout the column of blood.
Thinmmquﬂ)mdmtthndmmtmdmdlum
experments with hypartonse saline solunon contaiung P52 The remits ob-
mm:dﬁ'unlhcgpcnmﬁmlhglmmluﬂmmdnﬂ:rmﬂlﬂpﬂ
lend suppoct to the )e that the sed d ed drd oot
comprae soldy the labelled phosphate but the solupon a3 & whole. e
Wﬂypmnmglucmcnndnhmdmu:mmmm
mmﬁnﬂofihcumdmtbemtdumm.ﬁam

the gmll intesone.




s o9 o 61y & 5Tl
Sovtomll, cpmfOftm! 27 4 44 S 367 61 93 @
S L cpmiomml. 234 381 496 N7 M3 65 B8 w2
BeatmmT\ pf0ml 183 1 STL M7 g8 € M D
ampling el scondk 25 %0 % 5 40 0 8B 6
Table VII N Pri-ctratifcation in moestrial teams bood ofir bjactim of | 1 0 dim
Bl {d 1 ti  cosboming P ik the sovell misstias

Nomber of test tabe

1 2 3 4 3 6 7
Scaraml cpm/0faml 68 473 36 %8 428 30 48
ScatemIl, pafial 316 K9 419 44 £0 398 433
St OL cprfOzml 433 ™ s 4x 4% 4w
Smnenll qmf0tzal 36 T 8 M2 48 W ;0
Sampiiog e m ook B ) » 0 ") “ 0

Absrace of Sratification

Trommc glucose wolution with P71 added was wed i 11 axp Table VI
which greea the results for one of them, givey no crdence of the occarrenee
of stratification. Nine of the expernments gave smilar results irrespectively
of whether radiosctovity or ghicose content was determmed. Sedmentaon

tlow injechon 1mo the perpheral vom.

Tahle VII shows the result of an expeniment with sotonic sodium chlorsde
walutron P No ficathan of rad y could be established
Of the 12 exp. performed, 11 gave the same result. One expermment showed an
ity pronounced Bomuon a with motonic or hypotonic phorphate sdution,
The resalt was biained t00 late to permit an craminaton of th yyectson
wolution med 1o chrmmate the postibility that the sobatlon had been wrongly
prepared.

Conciurn. Isotonic glucose and sodium chloride solutons showed no siranfl
cation and were evenly dismbuted in the meenterial enow blood stream after
absorpoon from the small intesune,

17 —$13013 Acta physsl scund Vel 52
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Discusston

ﬂtp‘omllm‘uupuml}m1lhllmmxlndbypamxwdlmﬁrm~
ph-zcnluuomd‘lmtpcc:&cgnmythmb}oodmdmammmmd
1 the upper streambines of the mesentenal venow blood stream after atmorp-
tion from the mtestine, Hypertonie glucose and saline solavons of higher
1peaific gravaty than blood are carrwed 1n the lower streambines after rransiocx
uon from the intestinal lumen. The lasunar (streamline) blood flow m the
portal vemn, which prevents blood from the different mtcrmal argam from
mxng prior to armrval ia the hver (Copre and Dick 1928, Hars o of, 1943
thus also ocours in the meseniteral veins dunng atnorption.

The intravascular hemolyss observed by Lre (1954) afier absorpron o
water s venfied by the praent observation of water flotation, which cawo
hemolyss 1 the topmost soeamhing 1n the mesentenal veine Flotavon of
water in blood ix rufre has previowndy been demonstrated (Osrroco and Nvaexo
1952)

After i fiom the to the vy cotam solubors se
casried further in the uppes of bower stsoamlines of the mesenterial blood
Thu, the solutsons are dotributed 0 the blood stream ust as f they had
entered the arculaton in & gaw flow from the intestimal lumen s pamow
openings (pores) The flusd cucw theory of Inoranan and Veocym (1938}
avumes that there o & flow of iwld through pores of differemt syes bemett
the ntestmal lumen and the capilanes asd vice versa. The idea of the exrienct
of pares m the ntertinal mucosa het been revived recently {Cusaax and
Soromow 1957 Pasnsors and Wixgarx 1958 Dumamv o of 1858) Cumrax
and Sorowox (1957) wiste a3 follows “The epathelial membrane mey bt
described In phymeal termn ay eguivalent to & membrane with oaifn
oegatrvely chasged rght areslar pares of 36 A radrur, oceapying 0008 per
cent of the surfuce wree” This size of the radiox u of interont beeane Parret
mrnEs (1953, calmulated that for membranes wath a greater effectve radim
of pore than c. 20 A the net Bow of water through diffindon s negliphle com-
pared wih hydrodynamic fow camed by hydrostane or ammouc premwt
Duzers of of (lm)mnmthntbemm\heik\mmmmuﬂnh
Earlier physological thus indscate that there may be pors B3
tbcmu:undmuwuzhmughwhmh&ninmtmﬂmtmuﬂwlnm'h“

The ultrastructure of the ! mucoss and 1 capidiaries bas
bummcﬁtdmthehnkwyunbydmmkzmoopym@wlgﬁ
Boxvert o oL 1939 PALay azd Karuw 1959 ) No pores forming s direet
munmtxmnthcmmunﬂlummnndtbcu;ﬂhumbwb‘;
mhhhd—?mammumd-nd}mdlm—mkomiﬂ‘&
cm‘!\:f'.lld-ll-lt:l‘.ﬂ:lt:i'lbeﬂpmlrh:l.(‘4;:'\.11':!1!2;E'cm:\!J'.-eh.ﬂmtll.bﬂ""""wd
Intestinal fumen and these pores there are (l)tbe;pu:dunﬁctlndﬂﬂ‘
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berder of the epithebum, (2) the cytoplasm of the epitheluum, (3) the basl

or lateral rurfaces of the epithelial cells, (4) the b
Iymg the cpatbelium, (5) the loose connective tiwue of the lamina propria
{6) the b by sur ding the capillarica” (PALaY and Karioe

1939 a) For flow of intestinal flurd from the lumen mto the capillands to be
pomible 1t it necerary to postulate that these towocs can be pasaged 1n some
way po that the imchanged intestmal contents enter the pores of the capillary
endothelium.

A positle way in which unchanged intestmal contents can pan via the
epathelial layer i pinocyross (PALAY and Karime 1959 b, Crarx 1939 Caawe
1960) Au there it no confirmation that punocytors plays a role in the alsorp-
tirn of solubors employed m the present study this trantport mechansm must
be rejected for the present.

Another way in which the Ltestinal contents might arcumvent the epuhelial

celh can be deduced from Rrrren 3 (1957) bgation of expulyon of eputbellal
ctlly from intotinal mucosa. Microacopy of living intestinal muocosna at 50—
100 X ragmfl showed that hell cells were expelled when different

nutritive solubans were dropped on the mucosa. When 1--2 cells were freed
small gaps were produced and were dosed almost imtantancownly by filling
with adfacent celhs, Tn the cvent of major defects in the epethehum (4—35 celhs)

& contt xpulsion and reg: of epithelial cells occurs m the villh
during abworption. Olservations by the botope techmique that the eplthelial
eclhs of the mtestin  regencrate in 24—48 hours concar with thas finding
(Lexcoxn o «l. 1957 Hoomns ¢ of 1958)

The that absorption can occur via a short-out through gaps
left by expelled epathelial celhs o supported by some obacrvationy. Jasocowsce
{1925) found numerom epathelial cells in the Ringer s solution wed to e
the small intestine of rablt. He estimated that 3 000—7,000 cells were freed
per minnt and 3q em. Expuluon of epitbelul cells thuy occurs i rabbats,
d\:rpcnﬂcm;loycdh;theprucmmvuupmn.Rrrm(lSw)ohcrvnd
lhl!!hcmcmnf:xpuhonvmcdwﬂhl}:mhumldmbktned.ﬂrpﬂ
tonue solunons soch as 50 per oot glocose and 10 per cent saline came con-
wderably mare active expulnon of cells than the same mlutions in Botonic
concentrationy. With hypertoruc solutons the defects m the eprthellal layer
m villi incresse n oumber and size and repair more dowly Thh giva the
micstinal contents greater chances of commy into contact with the fub-
:phbcﬂxldxnu.Hypawmcgiucmemdnlmcdecdpmnmcd
sratficanon in the present experiments afier absorption, whereas no stratifi
catlon could be d. d when the ponding matonse sotuth weTe
Ined.Oncnnyzba—doremmnencm—rdmoubcmcmv{gwummUulu
cnpn!durundmuﬁc-dun,mtbcm:lnnd,udfmﬂcdc:ﬂﬂucxpuhou
and no straification on the other hand. It can be inferred from this
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ﬂu!:oluuomwhkhprovokzpmnaunmdcrpu!ﬂonn{c:ﬂscnnpnlbc
thcﬂ:]bofdcruftbcimuundniﬂudﬂawvhtbcopcnlnppmdmnd.
But there 13 51l the tram) throngh the 13 and
Mm:rjac:nllmcnnnta}vclmucb:forclhcpwudlhcapéﬂaﬂam
reached. The basement membranes, judging by electron microscopy seem to
be almart hommogenous but of ow opaaty and to have pather pores nor ek
wark. It has been pomnted out recently howrver that the baserment membeanes
are composed of a condensation of fine fibrills (PAray and harioe 959 8)
It scerms that the basement membranes have a vory sobtle struciure which o
ather difficult to d ate by exisung techniques or which 15 destroyed
postmortally The powibility that flusd may flow through the basement mem-
branes by an unknown mechansm (electr ?) cannot be duregardad
eatrely especially as it has not been pomble to demonstrate any opaqoe
structural bamer The hypathetical short-cut abworption via gaps 1n the
eptbdal border of the vifli produces f) or sedt depend:

on whether the speafic gravity of the intesunal contents 8 kmer or hugher

that of the capillary Uood Solutrons wiuth are carrred evenly dopersed o
the venous stream following the absorption pass, sccordmg to thes hypothes,
all the layers of mucws including the epithelal cells which olstruct deect
flow from the mtestina) lumen to the capillarics, Short-cut almorpuon woold
thos seem o involve fi whereas translocation through the epathelial

cells nhibats st

speafic gravity cambane The stem of the vein from which the Lond mopla wot
uken dramed a 1015 cn kng preer of the micsune The test sofutaons were a-
waps mprcted o the midk of the miestinel scctor (see fig. 3) “o perisubs
J wae obseryed m xt kast %0 per cent of the expenment The 5 o impected codd
therefore 0ot be dwtnbused eventy throughout the humen, and the copcentratin
was greatest around the iervon ste. The e of (he part comequenthy €%
sbic 1o absorb move of the maulled sohuticn then the vam of tx ower party o
the totesmal Joop employed. Heoce although the condstsons for stratficaton shoukd
alwayr b berz prewent 1t could oot be demoostrated mth erther motonic gucos
or abpe soluuon. The that Scutk 1m the grewter braocke
d’tbcrcnamurcch-emlhumwdhthtmpﬁugmﬂw:
prectuded. For (he same rexsons, the orgin of rtratification ¢ all other Jeiel
the meenteral erw and arpdiane can abo be el d
The suw of sof m 12l enows blood follomang sb
sorpison from the wmtatine 18 dufficult to account for by current sbeorptiad
theones, Shortcut sbsarpuon, cpamgcdlhemtmmslmlmu:hﬁ:}'"’
1eft by expelied eethy 10 the marginal epithelial layer of the nneos,
- ' of the pt Smuﬁaumhubttlcd‘:ﬂ’—:;
occuny m L
T

hypathenc exp p
strsted 1n the large mesentenal eios, tan o
mesenterial venous system. If the 5 true, it mun
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fow of the intestmal fluid wto the capillaries via the pores I the capillary
endothdrum. The powess that drve the stteam cannot be envoaged. Hy
druuhcprcmneunpnhublybemlcdcmupamlmmmmy;ddom
dmmg‘h:pru:m-bmpumapmmmumdumﬂﬁuﬂmmmuﬂy
moce pronounced the later the blood samples were taken (sce the tablax)
Absorpoon via the intercellular area between adjacent epithelial eells hag
been discused previousty Nothing has been observed to confirm sach a route
of abeorpton (Zrrramgver 1936) Short-cat absorption via gaps in the
cpithelial comtmg of the villi bat pot been proposed earler to the present
suthor's knowledge. Rrrren (1937) who saw gaps in the lving mucosa, was
vnable to bish any correpond, in the histol 1 prep ob-
tuned postmortalty although he exammed hundreds of sectioot. In the class.

PP gy ice
in the eprthelial border dunng absorption. The vill are made up of soft,
mobils thswe which performe maoverments. It b therefoce posdhle

effacing the gaps.

These attempts to account for the ongin of the sratificaton phenomenon
are based on weak evidence. The hypothesh of mtestinal thoct-cut absocption
tmust therefore be regurded xy merely & worng hypothaids,

T am greatly indetrrd 90 mbs Krerror Faostree for technics] amdetancs sad docrnt Rarrm
Galmmcx for critician of the mammwcript.

Addendam

C P Lovon (Casical wechola for the suady of the kmetis of cefkilar profiframon m
The boatac of oSl praliforntion, odicd by T 310maaor, Gar & Sreartov Xew York

wribed border amd soivcled cells prabed above the regular cpithchal Hoog.
The ecturrencs of sach evinmion poocy sccme ® mepport the knteatmal short cat abworpaon.
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Human Sernm Cholinesterase as a Sialo-Protein
By

OLx SvEXswaRt
Rerctvred 18 March 1561

shilidesc actrty In o mogle pool of soom from pathents s marked
sabdase actmty wis olmerved,
hmv{odgcu{thcdmmmlpmpemau{hmnrcmmchuhnmmx

{ b scarce a3 thiy enxyme ha
notyctbccnuubmdmnpur:mr_ln-pm{ﬂcdprcpxnﬂmcumdmhlc
lmoum:ofarbohydnl:mfou.ndbmlheimp\mmniﬂprucmmld:k

impostible to idennfy the choki a3 a glycoprotel and Eurn
1854) Even from umpure prep nkk g the propernes
of chal can be obtamed when ity enzy activity 1 used to trace

the protan. Thus, the clectrophoretic mobllity detormined oo paper at pH 9
was between that of a- and of gglobulins (Grroomr and Drxwzx 1852)
In chrom phy of scrum on daethyl hplcellul EAE-cellulose)
chohneyteruse between albumn and the aad glycoprotem cocrulo-
plammm (S oaxx 1961) soggesting that the entyme 5 an acdd proten.

The acidity of ackl a glycoprotan b due to sialic aad resdues which can
be eplit off the protan by b 1 malidase ( inid whereby the
mobility of the protein 1 congderably reduced (Porxxox and Darw 1957)

267
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T bave mvetigated whether the acrdity of chalinesterase It duc to b acid

by vung the effect of sulidase on the electropt ctrc mobility of the protein
= a eniterron for the presence of sualic aexd residues. Ths was Feavible becae the
enzrymatc actinty of chol was not abolnhed by the tr with
nahidase,

Materlals and Methods

hmﬂhmnmmmdunmdchn&mamddﬂn-nﬂy
'B';l‘“ma:;f;‘c“by L ric Utraton st pH 7 4 m a medhmn conantog o

m) MM \MgC! with scetylcholine iodid  and butyrylchaline bromide
(13 mM) a substratey,

Determimation of wigration dictancs of cheloacrierase oo paper chectropharens. An LKB dectro-

jpment (LRB Fabrikukbebolag, Stockbolm) was ised. The paper strips

(ScLociax & SArLL no. 2043 bogl) were wetted with the buffer (barbital pH &6,
# =~ 0073) and blotted on filter paper To obtain compurable values, the condition o

were kept sdentica) from experiment to experment The paper ws
equilibrated with the power (3.5 V/em) swrtched on for 3 bours (+ 10 rmn) bdore the
samples were applied, and the trme of dlectrophoress was 18 hours (£ 10 ntin) The rpas
of serum placed on the paper were amall (1 &) w0 reduce the crmor m determming the
rmgraton dstance (distance from the point of pphcatron to the center of the spot).
EX h is wae performed ¢ roam

Vismelirwtson of cheltasstrrary The wet strips were immersed 1o a solubon of 2 A Ka(3,
30 mM AaH,PO adjusted to pH 7.3 with | N N OH, 10 mM Mg(3,, 02 mg/mie-
naphthyl acetate and 0.2 mg/m! Fast Bue BSalt (draronium ealt of odlanmdme, G.T
Gurr Lid, Loodon) In the course of 2—10 mmrutes at room temperatare a red ot
appearcd an the paper t the sit of the cholinesterase. The paper strps were finally
rinsed o distilled water and dered (Porix 1957)

Elactrepicesis ¢f scras prodoen. On the strpe to be wed for evaluaton of the dutribatos
of protein 20 ul of serum were spplicd ;1 & narrow annerml tand. After electo-
the straps were dned at 110 C to denanure the protem and stamed for 10 min

d o] of  Amidosch 10B In mixture of 43 per comt (vA ) metha-
and 10 per cent { v} aceth 2oxd Then the s wot

na
nol, 43 per cent (vfv) water

withed 1n several changes of sad The clect h, et
recorded on & paper strp scanner with logarithmic output
Sialudsw The valdese used was  Recepror Destroymg Eaxyme  (lot no

dialyzed against
o ml of 50 mM NaH,PO Adpmcdprﬁ-BwﬂthNIOereme‘ud"hh
125 g per ml sorum of th - atidase preparatan 1t 25 C for vanmble feogths of ese.
A drop of toluene was added to provent bactenal contammation. A sempi¢ of buffered
serum kept for the same kength of time bat without slalxdase served as control.
o s, Serum was chromatograpbied on diethylaminoethy-ccllaloe
dlalyred 3 mM MH,FQ

(DEAE~cciluosc, Whatman DE 50) One ml of serum a3 ¥ M
wsted to pH 7 0 wrth | N NaOH was  ppleed to a cofumn (10 x mm
:cgh dmpﬂmmuzpﬂmm5mrwmmﬁvgg

M N (@ and 30 mM NaH PO (Soaea et al. 1936) The duar -mm "
dn was determined by measuring the tranemitance t my (Broo:

s mou;mmm.mmwwm

quantiture procedure docribed sbove 10 p wpots were applied to flier paper
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g

o
Adburnin
- glabutn
P glebuth

[~
c

1 T rlalidunt ou the madelity SERUM + SPRAL FLUID
?mmfl{gum:ﬁu_n
pH 36 of (A} (B) serum + aiali-
e (1D g/}, (8) s - splaal zu
fiuld cmcentrawed 100 tines by wlms- é
o - 4
aboormal veruzm

= D
evbatln tune waa 10 days C. Ome
Paper wrp wes samed and SERUM+ABN SERUM
anotber for chofinesterasc. wcems ”
IncEicatc the loraliration, of cholmesterase a
acthvrty ., &
;—.I_I_.l_l_l Dot of

Paper bomersed In the a-oaphthyl scctare “Faet Bhae B Salt™ sotubon. The intenuty
of the red color indscated the chofivesterae actrvity By thn metbod 100 semploy could
be wmayed in low than kel an bour A:x control of the  pplicd pH and salt gradient the

condoctivity and pH of the ciBnent » cre determined (Condoctvity Aeter CDM 2 and
PH Meter PHAM 22, Radicmeter Copenhagen!

Results
Efect of siahdats em chelowsterase
1 Chenpe fmehiliy Afier incubavnon at pH 6.8 with sialidase the mobility
of cholinesterase decreascd with time until the mobility correrponded to that of

esterase (Fig 1 A and B) About one-twartieth of the protemn was precipltated
during incubation.
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tem X Puint of applrcation of sarum
O Point of applrcation of sialidase

Yig 2. Interaction betwren nalidase (011 my per spot) and chollocterase (2 af sera per o)
Paper diectrophoress at 8.6 The strp was stuned for chobneserase, The mobedy
of was reddoced only wber scrvm and siatidase were applied royether

The rato of the d of the pralidase-treated chal (s

1 bility) to the mg d of entrrated cholinesterase was
035 40005 (11 exp.)
2. Rate of mebrirty change. To imvestigate the rate of change of the mobility
produced by sabdase the mig d of chal was determined
by electrophoresss at pH 8.6 after variow umes of incubation, The perod of
incubatin to be consdered was the tme from incubaton to termumanon of the
electrophoretic run as the reaction bx Irdase and chal coo-
tmnucd dunng o pb That stalidase and chol were pot spe
rated dunng electrophoress was ndscated by the following experunent
Four spots of serum were applied along a transversal Line on the paper stip
and three spots of nalidase (0.1 mg in 2 wl) were placed 1n froot of,
on and behind the serum spots (Fig 2) Electrophosess was performed Sor 18
bours at pH B6 and the snps were stamed for cholinesternse. The mobllity
of cholmesterase was reduced when sulidsse and serum were applicd togetber
This indicates that the reachon between nalidase and cholineserae contnoct

d electrophorens. Smbidase placed 10 front of or belund the serum spot &
o i L ph'l‘hln.the buities of sualidee a0d of

ot interact with ch
cholinasterass were roughly rdenureal and the reaction between the enty™s
can proceed during at least part of the dectrophorens.
The ravo of mig d of malid, ed to -'cboﬁg

esterase was determned st -arous tme 1ntervals after incubation with J
mgjml of the nairdsse preparavan (Fig 3) \V'lhlgrvmmﬁdnccmctﬂu‘ﬁ
the mobilty of chal d d graduslly with ume. The rate of
mobility change increased with incresung concentration of salxdase
mmmﬂunhﬂxrymaﬂymdxd-ﬂamorezh.nmdapdmhm
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.,..u-/-lnn-

paper dectropharosis pH 8.6, The o+
carve

] 4 5
Daps of cwhniws

3 Efxt of detidase ea the DEAE-ceildlass chromatsgram of chelomsierars The
decrease in acsdity of cholinesterase afier treatnent with sialidase was alo
evident from & comparison of the DEAE-cellulose chromatograms of smldase
treated and untreated human scre (Fig 4) The sialidase-treated cholinesterase:
was eluted together with neutral protein (p-globuhn) while the untreated cho-
lmesterase appeared afier athumin,

4&!«1¢[nn'dmuthwmmy¢/ddmm The appearance
of a red color inthe [¢ 268) ind}

thnthcmymemnmﬂrpﬂtmph!hﬁmnﬁﬂumnwnhmﬂdm
of the

q D activity of chol was ob-
tuned by el i titation with yicholme and butyrylcholme as sub-
strates, The ch sctrvity d h d after treatment with
stalidase (Table 1)

Occxrrence of solidess ta bwen rerem end sponad flesd

Human serum pocmally dud pot exhibit detectahle siaEdase activity This was
indicated by the rdenteal mobillty of cholinesterase 1n 50 serum samples im-

mediately after withdrawal and after kerpang at room tempersture for up to
two months.
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Spina! flud on the othe hand, changed the mobibty of human serom
hali andof g and g-globulins in the same way a3 the palidase prepars
uon (Fig 1 C) Th effect was found mn spinal fluid from three duffereat pools
with an average proten content of 0.38 mg/ml and normal electrop
In scven expeniments the munimal ratw of pugration ditance of spual flukd-
treated and untreated cholinesternse was 034 + 0007 | . the mame as o>
tained with the sislidase preparation. The activity as eatimated from the effect
on the motnl ty of cholinesterase was low One ml of spenal fluld corresponded
to 0 1 mg of the sialidase preparaton.

Tn a mngle serum pool from hospitalized patients a reduced mobdlity of
cholinesterase was obscrved The mobillties of av and g-globulin were abo
decrsased The ratio of the migration distance of cholinctterase from this pool
to that of cholinesterase from afl other sera investigated wus 0 34 ¢ the @
order a3 found for nalidase-treated chol nesterase Addition of amall amount
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Tals [ Ao of m it of :ﬁ.bhhrpa-t—{louldm}-mm-ﬂk
acthy o komar arc chalinssieroe. Chlincienos actirlly a3 defemomd ttrometrically
apH74end 37 C

Eorun  Cholinestermes scthity [frmoler/(min mD) Dano  Bar
Acrtylcholine Busyrricholine wis @ SO
Urtreated  Saiidpme  Untroased  Sialidwec 84
wrum, treated wrom treased. pii 68

wrem scrum
1 110 294 624 ¥ ] o
1 110 1z 6% €30 [ ot
2 m 188 12 T 1 %
2 397 s 1932 wo » s
3 259 L3 [t L) 1t [

doplieatr or triplicase dotermitation.
The matlo of migration disances of slalldasc4rensed and umtreawd cholinestcrase s
desrmiond by peper clettropborese at pH 88,

of the abnarmal serum to normal serym (c. g 1 aljmi) produced smilar reduc
thom in the mobilrties of cholinesterase and of a and fglobulin & obtained with

sialidase. The ratio of migration d of choli after and before meu-
h:hnwrchducnbmrml:mmm()}i#—ﬂ.m (20 exp.) The dectro-
gram of serum d with the abn scrum was the same a3 after

incul:lﬁmvdxhulhdnc(ﬂg 1 D) The effect of the abnormal senum was
aboluhed by heating to 90° C for 5 min wihereas diatyns had no influence on
the effect. These findmgs indicate the prescnce of nalidase m the aboormual
ﬂmm;ﬂ:.m:ﬁcndlmﬂmclbwmﬂmmmthcmbﬂnyd
cholt xth ty to the effect of 1 mg of the saldase
WUnhmntdynhnmbcmpadblcmﬁndth:domoflhh

Discussien

The findimgs reported in this stady saggent that the acldity of human serum
cholinesterase 18 doe 1o the prosence of mall acdd bound 1o the protein m szch
3 way that its relemse by paludsse docs not expose churged stes. Although the
mumber of sialse acd rendues conld not be estimated, the gradual decrease of
mobility of cholmesterase during incobation with nal dase whach proceeds
w thout dmtinct steps, indicates that several molecules of nahe sod are invobved.
The 1soelectric pomnt of normoal chal wes duplaced by with
mabidase from fem than 3 to about 7 (SvExmuank and Kenressr unpublshed)
A similar decrese 1n mobility has been deseribed for aad @ -glycoprotan afier
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treatment with suahidase (Porevor #nd Darw 1937) Fifteen to suaeen molecules
of salic acd per molecule of thy proten are released with & smubancoos
ncrease of the podectne pont fram 27 to 50 Sumilar cffects of nalidase on
other senum siatoprotesns ( fernn, d, haptogiolun ard coernio-
plammm) have been observed (Ovwcrzy Evian and Scoap 1958, Lamaeis
and Badromyrau 1959) and the effect on the a- and S-globulins of seram has
been deseribed by Scvurmax and Sarwick (1957) and by Lavesw (1959)

It 1 remarkable that the enzymauc actiity of cholinesterase 13 retmuned after
removal of acad rendues from the malecule, 1. e under the condsbons imvestigated
a substental change (n charge did not affect the enzymaue sctvity These

findings are 1n contrast to the i of “Folbcde Stimmul Hormaoe
aod humen Menopausal Gonsdotropn by enxymuc release of Nacetyh
inic acd and glycolyl aad respectively (Gormcaarx,

Witrrex and Granay, 1960 Gor and Bouxriuiox 1961)

That nalidase activity could not normally be detected n human sermm b
1w agreement with the observatan by Warren and Spearmg (1960) They
found, b a weak mabidase activity m 1 bovine and homan
plasom fracuons (- and Aglobulms) Provided that our three pools of spaal
fluid were not contaminated by abnormal spunal flnd, nalidie 3 & normal
consinucnt of spumal fiwd. This 1 also suggested by the occarrence of free
salic acd in spanal fluid (Uzuaw and Rusisy 19536) Smmilardy the occurrence
of & cholinesterase fracnon with a mobility comparable to that of pghobalin
in spinal fud (Svexaank 1958, 1960 1961) indscates the presence of mal:dese.

The work was aupparted by grants from the Micheehwen Foundation and F L. Seidi &
Co AN d, Co I acknowhedgr the techmical swbsance of Mr ot

Kawrowxx, B, 5.
7
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Urinary Excretion Patterns for Substances
with Simultaneous Secretion and Reabsorption
by Active Transport
By

Freoux BrroLunp
Recetved 22 March 1561

cumed. — A similar pattern b shown by sk acid in th rabbie. Io man,
wnc ackd resbsorpton Tm > secretion Tm, the net result basg

reabsorption at all plasma leveh,
] o

The focmation of urine comprises three maln procemes, namely
filtraton of plasma 10 the glomerul; 2 tubular reabsorption of solutes 203
water 8 tubular seeretion of solutes. Reabsorption and secretion by the
are effected by active transport” and/or diffuson.

Active tramspart by the renal tubules b usually supposcd to oocur 0 08¢
direction only . ¢ athﬁurmb-orpuonormdion.mmbﬂ”“ﬂ
mbauncuwhid\mbmhruhscrbcd-ndmﬂcdlnwulnrpcuﬂykl
thromlfite, creatinine, uric acid and potasm. On the basis of experlt

276
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gl Relathve Joalimtion of secrtion sad re-
the roaal tubulas.

Ssc ation
proximal

with thiosulfate, Breorown, Hxrawnex and Hows (1960) have formulated a
secreton peoxmmal™® and  secretion distal” concept. The prooli relatmy to
secretion proxmmal” are partly new but most origmate fram papers poblished
during the last two decades, though pot fully interreted at the time, Often
the proof has been of ph loglcal nature inhibltion of secreton has
rovealed the exutence of simultaneous secretan and reabsorption (s for

thiosulfate, creatimine and urle acld) Tbnﬁﬂowingprumuﬂonuhmnthn
secretion proxumal  often glves rise to ch excrehon or
patterns,

meymdwm

ding on the stey of ion and realmorption, relative to each other
a -a:rmm:dnu] and & sccreton proxmal” pattern may be distmgunhed
({Fig 1) Sersom &istal” mvolves filtration 1n the glameruly, reabsarption at &
proxamal site in the tubules, and finally secretion at & more distal dte, Every-
thing secreted appears in the urine,

A substance following the secretsn proxzmel” pattern b filtered in the glo-
merali and secreted at & proxmnal site in the tnbules. Reabsorptson takes place
at a more distal mte. Both filtered and secreted subwtance may thus be reabsorbed.
—H-mbnxnc:umetcdmdmbaa-bed-udmﬂaldmlnﬂxmbuh,

mylmmmtlccrﬂcdwiﬂ’——-“ ly be flable for reabsocpd
tive ju th incloded In il
The termm distal™ and i

" should not be mter
Fﬁ:dmtunndbnlhﬁoumdxdlﬂ.ﬂo:pmxmulmb\ﬂu they only
ognify the mte of secreton relative to reabsorption.

Reletae magmindes of trensfer muxima (Tm 5)
The shupe of the excretion and clearance curves depends on the relatve

magnitudes of reabsorption Tm and secretion Tm. The first condition to be
18613015 Aote phomisl. seand. Pol, 52
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:-:g cadilatlom, Tabde L Modded
A8 30 73 oo o L :letumll Bows
Pl me ‘20; Kmel v/mil {1960).

discussed is that of equal Tm 5 in both directioms (scction T) This section o
strates the dufference botween  secreton distal’ and “ecrenon proxiomd”
Sectlony IT and HT describe cases with unequal Tm s for sccrcuoa and resh-
sarption, but only for sub. wth tlon proxtmal® Py Is there-
fore pot inciuded.

In the calculatsons v hich follow 1t has been asummed chat both secretron asd
reabsocptron show typresd Tm curves, 1, 4 the substance s completely extracted
fram perrtabular blood or from tubuler urine until Tm & reached.

I Resbsorpton T = Sarehon Tam. Exxmple Thomlfate m man and
Sernate dog

In man (BuesT 1949) and dog (Fourxs of «l. 1932) throsulfats bs both secreted
and reabsorbed. In the female dog the Tm 1n each direction n around 125
poooles/ 100 ml glomerulas fltrate (Brxovowo «f &, 1960) Fig 2 shows experted
wrinary ton of thiosul tmng Sltration only o secretion distel”
or secrction proxdmal™ The figure 13 based on the anumptiom and calesls
tons in Table I

In the sereten éitel patiorn filtered thuwubate would be completcly
reabeorbed st low plaxma levels. Secreted thosulfate wonld appear in e
wrme and soon reach a Tm. With furthes {ncreasing plasna levels, flaadon
and reabsorpton of thicsulfate increase together When reabsorption Tea 8
ru:hcd,ﬁhacdlhhnﬂﬂltcwuldapparmzhcminz,mdzhcmm‘d
then follow the  filtratron Line”

If thiosull,  wllowed the ~mwpnumbomﬂ}wtdlﬂd

secreted th would br 1 rbed ar low placma level When resb-

sorption T o, the &x would nse steeply because of addition

both frem g £l ular When secretion Tm B
+ reached, wou! l}t/ﬁlmrhnunc
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Teble I M-ﬁqm‘-d’%d-ﬁrﬁﬂmhm
Aodified from Beaotino, Heraroes and How (1960)

A1 Reabeorption T = Sccretian Tea = 100 rmoles/min
GFR ~ 100 mi/mbs
RPF = 500 mi/mia
RPF — GFR = 500 — 100 = 400 mifmin.
The Filicred §,0, = 100 x Plarms 5,0,
Secretcd 5,0 = 400 Phaara 8,0
Sucrction dacta™ Urlae 8,0, — (Fibwral £,0 — Reatsorbed 3,0, + Seereted 5,0,
Sarwtion precime’™ Utine 8,0, = (Filtered 5,0 + Seerrted 8,0;) — Reatwarbed 8,0,

Phuacsa thicelfate Urine thinsifate
“Secretion deal™ *“Sccretion peosimal™
ponckesfral pamches [min. menaokes {min.
[XE] (15— 19)+ 60~ & (154 60)— 75— &
010 (20— 20)4 00— 80 (®+ B0)—10= 0
023 (13— 25) 4100 = 100 (23 4100) —100 = 25
190 (100—100) -+ 100 = 100 (100 + 100) —100 = 100
13 (125—100) + 100 = 125 (125 + 100) — 10 = 118

It &s of interest o compare  secreton dbtal  and  secretion proximal”
Secretion beromes mturated at the same plaama kevel (0.23 gmolesfml) in
both cases, become saturated at high plasma levels in “secretion
dustal™ (only flltered load b reatworbed) but at low platma leveb in secrenon
promal™ (filtered - secreted load b reatworbed) The “filtraton Hoc™ b
intercepted  t different plazma leveh, namely when both secretton and reab-
sorption become wturated.,

Unuary excretion data In the dog (Fig 2) show that thromulfate fallows the
secretion preoamal™ patten (Brxoumo # o. 1960) Data from competiton
stuclies further indicate that secretion and reabeorption are cffected by identical
celh

I Serciwa procimal™ Secrvtwm Tm > Reabserpiwa Tm. Examples Creatinme
n man, rat, goat, Unc aod 1n rabbat, PAH  nd diodrast in Nectunn,

This alternatrve shows & characterstic cxcretion pattern. At low plasma
kevels the clearance b low somenmes below glomerular filtration rate (GFR)
As the plamma level incressa, the clearance first rises above and then agam
approaches GFR.

Craciuans follows roch  pattern In the goat (Fig 3 reconstrocted from Laop
« o 1957) At a plasmon level of 1 mg % its €] equals fnulin cl
At 3 mg % the clearance # twice ax high, and then gradually decreases.
Probenecid, p-{dpropyleulfamyi)-berroce acid, partly whibits the seeretion. —
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Table I shows exp

ment with the expenmental data (Fig 3) The
In man the clearance follows a flatter curve than In the goat (Fig 4)
1 finnlig cl rato 1s only 14 and 1 reached at s

p{.mnlcvn‘;um;huﬂ—IOmg 4 On the other hand it s possible o block




LEORITION-REARIORPTION NY ACTIVE TRAMSPORT 281
Table IT Mnﬁymdh-:d'n—c—h‘“ﬂmhb

Arsmuc: Reabaorption To = § rog/min.
Secretion Tm = 9 mg/min.

OFR - 100 mi/min.

RIF = 500 ml/min.

RPF — GFR = 300 — 100 = 400 m}/ssn.

[vias ersatindun, (Flhrred + Secreved) — Reabsorbed.

Plascna, creatinine Urine crestiaine Clearance
wg/100 mt g/ ml/min
12 12 +48 —6~ 0 o
15 15 +6 —6= 13 100
5 295+8 —6e~ 323 23
3 3 49 —6-6 00

[y 5 49 —&~- 18 15
10 10 +9 —6~13 12

Forying flomerslar ftratwa rais
Limwm GFR = % mi{miw. RFF = 500 mal/min. RPF — GFR = 450 ol /ol

13 | 073+ 873 —6~ 13 | 100
Assmns; GFR. = 300 ml/matn. RPF — 500 m/min. RFF — GFR = 300 ml/min.
13 | 30 145 —6= 13 | 10

Varing rcvel plamms fira
A GFR = 100 ral/ mim. BPF = 4% mhfmin. RYF — OFR = 350 ml/min.

13 | 13 +33—6=~ 075 | 50
s GFR. = 100 sl jxin. REF = 430 el min. RPF — GFR = 450 mi b
15 l 15 +675—6= 113 | 150

the secretion 30 completely {or swclkectvey?) with carinamide®  p-(benryle
sulfonamido)benzoic acd, that reabsorption domunates.
Intbewhlmn!mdmlbthnguonmﬂmﬂudmd}dommvﬂl (Table
1 Esd id 1 with the
inulin clearance ndevncdlnthdau\hnnr,iudnnnmnﬂmm’nw
= high. Probenecid rauo towards
omty

Dependencs of croatmme cloaroncs on glonersler fliresen oo and renal bived fovs.
Endogenows ereatinine clearance”™ f1 ofien used as an approximaie measare
of GFR, on the amamption that creatinine at normal plagma levels i filtered
anly As it, however B also secreted and reabsorbed ludmnccmtynot
ahayy equal GFR. T Ity the lon and cli of
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Tabls LI Croatinws [ixulin cloarencs raties ot serions plasma kesels of croetmise it
wnesihtived 4

ralr and Langarse rets
Epecies Plassa Creatiniue Creatintne Lol Invetigar
mg/100 ml dexranee mtlo
Rat 079+ 00! 110 Prrraa (1399)
n3 10 198+ 022
(Moum + standard eror)
Ra 20130 150133 Foor (1958)
Highest ratios at fow plaxms berels. Ratlos deprosed towardy
1.0 by probenecid
Kangaroo rat 03 e Saner
{ Dipodonnys J¥ 3 10 Nextsaw
orriomel 4 i3 (1954)
1 13
3n 14
“Endogenous ereatining”

crestmine™ should actually be Independent of GFR, because any merease of
the amount filtered will be counterbalanced by & reduction of the creatimne
avaflable for tubular secretion, and mcr avay (Table 1) Ths is levrared
by the two cases in Table IV in which GFR was increased by oxyphylhn®

Tedie 1V Efat of wpplpllu® on swiin and PAH cloarences, and
o thy oxTirtion of indupowecs crratwnoss. From tables 16 and 17 o

Ex (1955)
Clearanece Uroe
1milm PAH sy
ml/de. mlfmm
Normal A%
166 01 11
Control 138 4 109
e oy k5
237 1002 147
Oxypinlin L33 gL v u7 2t 17
Hypertenoon Hyp 14
’ 141 442 n
Coatrol 130 359 13
{ 130 53 1
09 43 131
Cayphyllln 133 g3 { 26 384 153
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Tgquud-rmﬁu@-dn-mhmpd

TFlascna. Clearence Ratlo
Dose of meprosoltia y
PAH Loalia Croutioine  Ipniln

mg/100 ] | mlfmin mlfoadn. m!/min. C .

6

ob’- 0% m 4 % 113

Pyl 91 410 s " 126

,_,:L 108 4% 54 & L9
7

f* 107 £ [ n 105

gl 093 359 ') 7 1

Fornale goat, abowt 40 by body webght. Tiee figares are averagn of 3, 3 aad 2 clearaace periods
in exp. & 3 and 3 perioda b exp. 7

(theophyllin-1-aminopropancl) (Ex 1955) After mjection of oxyphylln the
mulin clesrance doubled, PAH clearance remamed unchanged, wheress the
excretion of d creatinine” d by les than 20 % in far
agrecment with the aalenlations in Table IL
Tn contrast, the  endogenous creatmme clearance”™ should be hrghly sermtive
to changes in ronal blood flow 30 that a 10 % change m renal plamma flow
(RPF) should change the endogenom creatinine clearance by 30 %, (Table
II)Totmthcmdv:tytodnngulnRPF ccpamumdmewhh
pepresolin®  (Ciba 1 4-dihydraxd in goats
(rnhlcV) lntwoc:pummuPAHdnnnued.oubkd,whﬂmhmlb:
d or d alightly the f

mto
inu-mcdinbmhcxpammnu,bmmuchhthma:pcﬂcd.?‘hhmlgiﬂbc
due to less from the p bular capillaries,
vhcnrmalhloodﬂcrwin:rnm:lnbmtmmnlvﬂnu.

Thw, endogenow creatinine clearance™ does not the mgnificantly when
GFR or RPF 13 mcreased. A marked nse occurs, however when GFR and RFF
inn'ﬂnmgrd:cr('&m-rdd 1936) Thn would be expected, because filtered

without ang the amount available for secretion

bylh.:mbuh.
When GFR and RPF fall below normal, es in renal inmufflciency the endo-
oo creatinine”fimlin clearance rato 1 wyually elevated and may reach
valus s hugh as 2.2 (AaTTas f &, 1952) thh might partly be duc to an
wncreased plasma level, bat selectrve imparmment of the reatsorpton mechanixm
annot be exchuded.

When GFR s strongly depresed by circal trsturk

v as occun in
man n diabetic coma or in morph polaroh ion, the
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Table VI Coraticine) Inntin cloerencs ratier amch falling plasms laoels of croacisind

Time Plaarm Clearanca Ratlo
aeathabne Creatinioe]
Inalia Creatintac Inwn
min oy % ml/ratn. l/min. Canac
o 14
° FPrime: ioulin 4 ¢ creasiuine § g. Tnfision. bt 0 08 g/min,
crestinos 0.06 g/zin, NSO 0.09 g/min. i H,O 1,3 ol /mis.
] 3% 9% 108 144
187156 » 97 tig 116
157
100309 1z I L | Hr | 13
or 15
4Eten H O at — %0 i and at 168 min.
0 Prime snd Infekn = Exp. 14, without NagSO
3031 ) a2 L4 rd
140139 4 ] )] 120
160
285310 13 | 8 ' 1 l 13

Female goat, 40 kg, § weeks after progasacy [n exp. 14 omnotic dreresis () 4—22 ml/min ). 1z
ap. 15 water diresis ($—13 ml/mba.), with bemolyss and bemogiobintria doring Iest koot
Each figure s average of 2—3 periods, of 7—10 minuses duratian.

creatining clexrance” falls below the mulm clearance (McCancx and Winoor
0% 1939) This has been ascribed to jnerexsed tubular permeahility permitting
backdiffemon of creatinine. Tubular secrction may however stlll persit,
Thus, 1n the goat ratnction of blood flow to onc kndncy decreased the crea-
Lmne/‘muhndanncenuofrvml.bmﬂﬂ Probenedd depremed thus chear
ance ratio still further (to < 0.3) ev:da:dybyhlochngmmou(b\nndi
1957}

Croutixins clearence with falling plasma lesels. When the plarma level of crestmise
u-ﬂowadtnﬁllﬁomhlghlnd:,mbccraunmcfmuﬂndmnceumdm
not always rae as expected (SHAMNGN 1935 Sranwow and Ranoxs 1941 Laod
o &l 1957) In the goat, LaDD #f #i. obtaned & ratio of 1 11 at a plasma levd
of 35 mg 4, and 3 hours Iater & ratio of 0 6% at & plamma Jevel of 12 o8 %o
reabsorption thuy doqunating over secreion To further elucidate thiy &
mmmumdmem.fmﬂcgmt(f:ﬂ:ﬂ)mplmkvdwkz
wtlllboveSOmg%fwzhomlndlhenonwtdloﬁ]lThzdclnM“h
then rose above 13 |.n.r1.cm:loA’f-llmgbclow10.Tln:wnu—uebOlh“:‘n‘d
mﬁcdxmnndwuadxm—n:expaimmds%“
Raxces (1941) were of a different character They showed, In man, o
second dase of levated the depremed ck rato. Unfortonaicf
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therr plasna levels before the second dose were as kow a3 4—09 myg %, and after
miecton 14—21 mg ,, 30 & lagher clearance ratio was to be axpected m most
aptoments (¢f Fig 4) — It n Tuded that depremion of tinine/
mulm clearance ratios wth falling plasma level 1 not reproducible and b of
doubeful sgmficance.

Urx and. In the rabbat, the clearance of unc add foflows a similar patten.
At low plamma leveh, the uric acsd/creatinine clearance ratio is well below 1 0
(Fig 3) At nigher plasna devels this ratio reaches & value of 23, but u de
presmed below umity by probenead (Poursex 1955)

PAH «»d Dwdrest. In Nectmruws p-smunohippurate (PAH) and dwodrast
thow net reatworption at low plasma levels. At higher levels their cdearances
approach or exceed qreatinme clearance (Krvrer 1959) The pattern fits wmith

L " A di Inc studses in Necturs wnth  dio-
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dﬂstl"‘lbwthﬂlhttdhddrprmimﬂmbu}amtbaaﬁmnmd‘
mmﬂuhrummuhthn,lndtbcynpparwbezhcmjorﬂtcordhdnn
port, Isrespective of the direction (hrr, Leare asd Comrxx 1960)
mlll“mpMMnTu>SaﬁnTu.Enmpkmndd
man.
Thls alternstve Is analyzed in Fig 6. Lings & and be arc entcal with
“filtratron line” and “yecretion proximal” in Fig. 2. Line ¢ (paralie! to 4
shows axpected unnary excretion when reabsorption Tm w 100 moke/min
and secretion T = 0 The reabsorption Tm would be reached at » plama

level of 1 gmole/ml.
For comparuson, return to curve be reabsorption Trm = secretion T =
100 pmoles/min. If the don Tm i gradiually diminished, ke « will move

to the right and soon omginate directly from the abscsa (Line &) this occm
&t & plasma level of 0.2 pancleafml At this point sccretioa Tm (pow 80 xmoles!
nun} and reatsorption Tm (stili 100 amolesfmin) will be reached smmultancoss-
ly and linc b dimppears, An rdentical pattern (line &) would be obtained ¥
there were reabsorption alone with a Tm = 20 gmoles/mun. A typcal reab-
sorpion Tm pattern therefore does not exclude tubular sceretion of con-
nderable magnitude.

This may be exemplified by unc acid, whuch 1 man b reabsorbed by the
tubules. Uric acid appears in the urine before the “Tm”™ 15 reached and &t
normal plasma levels about 10 % of filtered urke aced  {Bliered + secreted
uric acld) escapes reabsocption. YO and Gureaw (1935) reported that wme
coaric drugs (sodium mabicylate, phenylt probenecsd) in therap
dawes rasse, but 1 smaller dases lower the excretion of unic acid. They suggosted
that salicylates etc. increase the net reabsarption of urle acid by Inhibiting
tubular secretion, and that urc acid, like potasuum, is reabsorbed
, and secreted distally The cxcretian pattern described above suggests, howoer
& sccreton proxmal” pattern wmudsr 0 that in the rabbit, but wth reab-
sorption domunatmg at all plagma levels.

Comparatioe physwlogy )
Simultaneous secretion and reabsarpt ’ g the P
pattern ks beert d for thicsllte, unc acd i PAH and

diodrast. Both sccretron and reabsorptson ase probably effected by the progimal
tubules, as with diodrast in Necturus. The two-way transport may eripnate
from secretory fystems ocamming ameng the vertebrates, eomplete revernl
ddmgruhorpuon.pu‘&ﬂrcvu-n]wddlngmn}m+mbﬂ'p!m

wﬂmmlybctxﬂnphﬂedbylhemmpoﬂlyﬂmﬁrm(ﬁknndw‘"
and Foxstex 1938, Bemorvwn o & 1960 BrexT
kidneys of the Lophns

(Table V1) (Bexorow
both accreted

1949) Both 1on1 are scacted by the aglomerniar
Io the dog and in man, sulfate s reabsorbed while thiosutate b
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Tl VI Comperstics physislagy of mbsiwmces wisich foliew « sucration provimal” patiern

L Saetive. (+) Rosbserption. (+)
Sabstance pecka
Thisalfuze Geaectuh (Laphler +
Sulfere emericemss) Munwal Inhlbsion
Carlmambde
Dog Thiesifaie only Btk foms
Mz + +
Suifate Mutoa! Inkibition
Carlwerricle
Dicxtraat Rabhie +
PAR Man Mot knbibiion
Salaander (Aachrer + .
macwlals ) Mutoal lahibition Muwtoa! inhibidon
Creatinine Miaring fah +
Paltrog Phloriz
Chichen
Anthrepod apas
Rat ++ +
Gont Phlociin
M
Unc scid Lixard (Igwens igmama +
Brw)
Chacken +
Probeneeid
BaBcylata
Rabbic ++ "
Probeseckd
Salicylates
Doy, aca-dalmatian N
Probenced
Doy, Delmatine e e
Probeneckd
AMen + 4
Probenerid Probeecid
Saleylates Salicytatas
+ means oormrreact of actn trammport (secretion o . o

Ti m e of bidirectional triompert. With secretion +-+ and.

lnyh:lnp-vdmub'vhnnkvd.l(ii" 3) Ah:uul-i»-‘-uznmnm
ot
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nndmburbcd.StﬂLLbemhnmmbcmmpatcdby&:mamer
'Ihcylnhfbuﬂchothcr':mmmmpeumdy both in the drection of
realsorption and scerction. Carl: de® but not prob d, inhibéty the

Slmﬂnrrmprmllnhlhuonuoambdm“ﬂmd?dﬁﬂ‘-blcvu)
They have been shown to inhibit cach other's seerctron o rabbat and man
(Jomr1sox of ol 1953 b and 8} In Necturus they arc both secreted and reab-
sarbed and mutually inhibit each other’s transport in both directons (Kovmz

1939)
Crratinine 11 seereted by the renal tubules in frog (Bwareow 1936) marine
fish, chicken and anthropoid apes (for ref. st Swrmr 1951 p. 143) Trhboth

secreted and reabsarbed in rat, goat and man, and m these species secretion »
inhibited by carinammde® (Bucsr 1949) or probencad (Frvor 1952 Lapo &
#l. 1957) These inhibitors have not been tested in fish, chicken or frog, bt
maost Lkely the sceretion s effected by the mame mechanbm i all verizbeus
involved. Phloninn depresmes the creabmunefinolin dearance ratio n the dog-
Gsh, frog, chicken, goat, clumpanree and man (for ref. see Surra 1951 ppe
93-99)

Urx aad. Une aad is largely eliminated by tobular secretion in reptis
and birds, (for ref. see Senith 1951 p. 144)

Varous excretron patterns edist in memmals. Unic acrd fs both secreted and
reabsorbed o man, but the secretron 1s masked by the high resbsorption T —
In the rabixt reabsocption dominates at endogenous plasma levels (0205
mg 4) but secretion domunates at elevated plagna levels (Fig 5) — In the
dog urc acid 15 reabsorbed by the tbnle. T1as, however recreted 1n the Dal
matian coach hound, i which the clearance may be twice as high a3 GFR
(Worrsox Corov and Swoxe 1950) Mixed breeds (Dalmatian — pondal

) matien) may like pure bred dalmatians, be “high unc add

/)T;mmdxmugaa)m:}m Anmmab bearing white hain diffescd
in thar spots have been conustently dow producers’ of unc acid, while thoee
animals winch bave had *high uric aad production have had undorm black
[rgment 10 their spots” Dalmatian hybnds studied by Osarow (1923) showed
a umilar mend, It may thercfore be that “the recomve gene, which comerts
dxﬂ'\neuchngmﬁcc.kmgmpolh-dmunghthcnmeguxewfucburcq:a‘m"lic
hmh@mwdm"(wmmmmmmunhﬂw

i
gjs}smﬂmafmc.ddumgmaﬂmhhwdbyprobumddnnduﬂth:
Rabarpuon.wbcnpmxm,m.yuhobcmhlbucdbyd\o:dmp(ﬁmlﬂ
1951 Pouieew [955 YO and Gurwax 1953 Necuay and Necuay 1959,
Bizagx, YO and Gurmaw 1960) When both secretson and reabsorpbod are
inhibited 1n man uricosoma resuls.

ul collaboratron £ Ductor BesaT Asoess
T e
Wnﬂﬁdmﬂm-—.ﬂuwu-uww
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From the Dep oF Karolimks Tnad Stockbolm, Sweden

Augmented Cardiac Contraction, Heart Acceleration
and Skeletal Muscle Vasodilatation Produced
by Hypothalamic Stimulation in Cats
|9

Anpuxs Rostx
Receired 12 March 1961

Abstract

Rorks, A Angmeied cardiec oatrction, bowrt acerievaton e stoleel masce
prodnced by kypecialan dtion i catt. Acta physiol. scand,
1961 52 751—%08. — Hypothalemic stieraletdon fn cats was foand

The sympathetic vasodilator nerves to the skelrtal mrmscles in dogs and cats
can be ctvated by hypothalarme stimulation. The vasodilatation produced
during voch L n duc to of cholinergic fitres and can be
muluﬂyrcduwdc nbo&hcdbynuupininﬁmofthcmmILDnnngcmuﬂ
of the h outflew
mtu:mfmcﬂm\h Hmwmhmvmmm
chnic reglons (Erismox & of. 1931 Lomonzx
lnd Uv-h 1953 ln-ncnln 1935) together with an increased  drenal relesse
of catechoh, mamly adrenahine (Grawt o ol 1958 Loworzs Rodix and
Uviis 1939 a) Though the amounts of adrenaline released in most expenments
are 50 minute a1 to caust only minor vascular effects, If any they may pever
theles suffico to prodace metabolic effects (GrawT o of. 1938, Looonrx,
Rost and Uvids 1959 b)

291



292 ANDERS ROSEN

The phywnologie sigrficance of the observed pattern of responss to intra-
cerebeal sumulation 13 not known. Evianov ot ol (1951) and Uvids (19%4)
have soggested tbatnaxmauorlhztympnhcucv-mdﬂnmrwtﬂwmlght
occur 1n fear anger and other d wth [ strem.
Recent observations by Asaamaws and Horox (1958) Azmanass, Hrirox
and Zerdzrvia (1960s and b) and Bram o o, (1959) have led to umiler
conclusions. Among other suggestioms put forward 15 the possibility that the
vasodilator system is tn same way concerned with the initlal adnotment of
thcmmaﬂnrﬂoodﬂcww:xadsc (Uvnis 1954) The observed urcrease of
muscle blood Sow d with posth thagic syncope led Bascxorr
o o. (1944) mdBucmn:ndEuuow(l%&)mmggutlhnnsympﬂbc
teally-mediated active vasodilatatron occurred.

The am of this paper is to contribute to elzcidaton of the fumctfonal signi-
ficance of the sympathetic vasodiletor system. Tt is sought to ascertam whether

of eardiac fi such a3 ctile force and heart mie

les the ch mtic peripheral resp to central lasion of

the vasodilator outflow An-ﬁrmnveﬁndmgvruuldtmdtomppa‘!dr
above mentroned hypothess of Uvnis g the functt i

of the sympathetic vasodilator sysiem.

The hterane coatains few data on the Influesce on cardiac contractde
force following hypothalamic sumulation. Ruyrnar, Swors and Faomn
(1959) and Swrret & & (1960) localaed kn the canme hypothalamus a few
nmﬂ.rmtbcmmuhﬁnnofw}nchamcdchmguinlcﬂvmmmhrpﬂ’
ft d 1 with the resp Imill cxerche. Remnees and
uﬂabon!mmnnd:rthanbacolxu'wmlmdwughlmth:o}dkhdl
central nervors mechanum which caust an increase of carduac work duneg the
imutis! phese of muscle actwty

Many investigators have observed cardme acceleration following hypoths-
hmlcmmnhdon,bmfcwdmonhunnurapamumhnwtbnhmcmmub'
ton of the sympatbene vasodilator pathway are found m the lerature. In 2
[cvapa-lmmulnwh:chthebanrncmnud:cd uchyun:lnnuahﬂ“d
to sccompany the muscle vasodilator response eliated by stms
lation of the sympathetic vasodilator system (ELiawox o af, 1951) No sttempt
was made, however to investigate the mechanmm behind the cardic sccekrs

om.

Method
Soccemful ri " mﬂunwcx;bh(ljpuhmdmm:
mmmdmum-wwmmam——smw Abot O
cats were ovrginally prepared, bat technical dificulber. encountered m agackment
mcm!npn(cuchwthcbcarau-nnnlnmemh:md-drqmww&”
das condit hout the cxpert ¥ ‘csber of
anmmal
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artry T prevent dotmmyg, hepann (Hepann 5 Vhrum) 23 mg/kg as sdmmatered
L

In 11 of the expormentt the cats were infnally subjected to bilateral cenvacal yagotoury
1 3 of these, carotid orchusion was mmntxined to avold powdble cardise chumges due to
b h Dextran (Macrodex, Ph fa) wes given v as required,
10 campemate fix blood lom. Portive presre artificial rapiration wa matained durmg.
the expenments.

Central sumnlatan wes offecied by the Honley-Claske techonque. With me of &
dental drill the siall was trephmed for macrben of the dectrode mto the right nde of the
hypottmtarmin. Electrical stimutation (2.0--2.3 % 70 eps and pulie duratron 2 mace with
1nsalated stainlem steel anipolar edectrodes about 0 45 mm thick and with an enbesbated

The tw wellaic guogila were carefully located via  blateral tho
first coxtal mterspace. The chext wall wia then Subsequently ¢ waa openad for
removal of the gangln and

The two adrenals were dimsected free via sn abdominal and Later hyated and

wxs fecorded In 11 expermments with & Statham
thoracotamy kne catheter was sdvenced
theough the veatricntsr wall into the eavity with the aid of  wharp mcal gode which
‘wm then removed.

Heart rate was determined with an interval

(Goereanaor and Leogers
1961) vis kopulers from the

recorder
chagnd o Gram (Pohy graph) mstrument.

Strein Garge Arck Racerdag of Carsiias Coniractie Force

Cardiac contractile force was measured by strain gacge arch. In the following the
terma “vontractile force  and “force of cardlac contraction  mofar s they concern
Persortal obecrvabons, denote the force of ventricular contrachon a3 mensared by a
mrin guoge arch.

Afer thorscotomy and epening of the pericardium the strain gruge arch was artached
B the yentocutar wall by rutores

I9—813015 Aets physiel. seand. Vol 52,
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Aidnd 1

In all but one of tho 20 t in which the hyp was d, stran
guuge arch recording of contractlle foree was done fram the right ventride in coe, the
arch was  ttsched to the left ventricle. Right venmcular contractile force was 2o
recorded in 12 supplementary experiments dengned for quahtative (csting of the srain
gauge arch tech In 8 of these Jeft vearricular force was stodicd ok

In 7 of the cxperiments in which the hypothalantus veas tizmulsted, open sires piofe

were uscd. In the other experiments the stram gauge arch was alightly moddet (Fig
1) and resulied m & move scnsitive and stable recording Imitcad of one, two ihenbead
\ strain gange wires (Philips PR 9214) each with » resmiance of 120 obmy, were

of a force between the two points of attachment of the grch  the rghtance mcreased
the

sid and attached o the miby part. By the duffe of the two rmit
ances greater acturacy was achreved than by use of  wngle stratn gauge woe (g )

Supementery Stadics and Comoments on the (malifcetions of cha Strasa Gange Arch Tocke
In wing the strain gauge arch technique for deteTminason of carda contrmcule
foree, it s nevesary to bear in mind that changes of boart nze may cawe terforence:
It s therefore cmentual 1n the present cxperiments ¢ be on the alert for aoy roe of B
beart volumne due to dlevated presare  the sort of 10 incressed yenoso retune
Strain gauge arch recording of the jeft ventricular contracule farce i "‘””""dz
the aortc presare when the latter cxceeds & certam bevel (Fig 3) Tho keved may
wdmhmmmmmdmwwm!;
codary 1o that of the soruc drastolic premure teods t merease the dustolc kogih
the el fibers, which thus contract more vigorously Since the anuscle segrocat berwees



;
;
§
;
B

i
;
i
:

cwmamevigwuxly (Cornw and Bay 1956) thw accountog

for casen with incressed strain gauge arch recording on hart

mhf'cmm!.l Lh:mly

Spermment {cat po. 9) \\hd: Jnalved by

left ventriculer t of the strain gauge n\:h,!.hem:utmnnd:pn-md

mwmnh(lSmHﬂMlhﬁcﬂm&mﬂn{dmm
obecrval

oo accorts with data from soular
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¢ Icresecs of contractile 3 ith mpid In infoion The
dmalﬁ”" force, [eny with mpid ntravenous weght

The effect produced on the strain gauge arch recording of keft ventcular contracle
force by a mae 1n aortic pressur due to artufical tncture of the thareckc sorta, was rtodied
12 4 expenments (one of which i [ustrated in Fig. 3) Raults dmilar to those found i

The mfluence of increased sortic premure oa the stram gauge arch recordmg from the
right ventricle bs imogmbicant, as duntreted m Fig 3. Tha fact accords with the nxdy
obuined in the ather 12 expennments 1n which the abdomnal or the tharsac som
was srufically comstricted I exch of these experiments the rise of mean aortc presare
amounted 1ot least 50 per cent of resting level
Ammmnﬂmdvvmwnmbynpdhmvmumfm}mddammﬂm
the strain gauge arch recording of the rght Totrick o only  ahght degree (CoTrry
1953) a3 was confrmed In the prosent stody [ 7 exporiments m which  camnsht
Aens szeried mt jugular vein and the tp placed dose t the entrance to the right
atrhum, mfumon of blood andior dextrsn in amounts up ¢ 4—7 ml per sccond over
puwod:d&—lOrqmucdm}y.nhgmmumcmlh: train geoge arch

The increase is t &3 compared (o the relatvely substantial sugmentation
emncd by hypathalamic actvaton of the inotropic fibers ¢ the heart. The responar 10
gradml merease of enown retymn es well as to rufical constricton af the pulmonary
artery in the expenment dlostrated in Fig. 4 » in e with the offecs obtained i e
other sty expermments The aardmac outpat m a cat of 2.3 kg o reporied to be in the
regon of 270 ml per munute (Srzcton 1956) A-mmngdnubcrwl:'h:m:

vendnm return o
in my expermments amounted to 250—400 ml, the

peosch, the right veatricle war
rkﬁmuhtmm:ppbcdmmhmhﬁmmwdw‘ﬂ"
contractile force.
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Note the rimtrm] respomscs of comtractile force to the varyhag beart rate.

“That the effect of beart-rate changes on the stram gauge arch recording of contractile
furc:hnc;ﬂ([bk(CurrleSS) ﬂconﬁzmcdhﬁd’myqxﬂmmb.ln!d‘h
with the two 3 mm was attached 1o the right

Cerdiac Respouses ts Hypothalomi: Shmulction Producag nscls 1 asediletation
Inth:lBupu'hn:nuinwh:chlkdmlmndcmodﬂnAnmwupmdumd
2% cardlac fle force and heart rate were
ded. Fig 6 Ul a typscal cxp “Hyp 1l 1n the
figure indicates & roxponse to strmulaton in the antenior part of the hypothala
mus whereby the sympathetic vasodilator outflow was actrvated Afier & lntency
o(&-ucork%mmclcvm\ﬁlmﬁnn.uchywdn-ndmmmofnght
ile force appeared. The shoet Latency of the responses was
wnmt:mmhdntm-ﬂmp(twoo{dxomcrcxpam:m the two excep-
thons will be d ‘Lnuun.' Jection of atropin 0 3 mg/kg
blocked the mmmcle vasodil, imulation, a fact sugg of o
mm%lnmmumwbuhnmum;p;ﬁ:d.thc
muscle vasodilator response was erther markedly depremed or abolahed. The
mﬁ:mnmmnﬁcﬂtﬂbynmpmmhummbenpahnmtmu«
strazed 1n Fig 6, or 1in the other experd but almost d on removal




of the two stellate ganglha. As will be seen 1n the figure, stellatectamy m il
cawsed & reduction of about 30 per cent in the contractie force. A nmilar
reduction was produced m some of the other expenments, but more often the

Inall cardinc augm d the muscle
response following hypothalamec stimutation (see Table | and 1) The short
Iatency of cardisc rap to hypothatami ) suggests that nevos
mechannms are mmplicated. Evidence of thrs was found both in the expenmeant
fliustrated in Fig 6 and In others (Tablc 11} in which removal of the two stellste
ganglia caused a marked deproaswon or abaliion of the carduc responses.

In 2 expeiment (car 12 and 13 10 Table II) carotid occlusion was pro-

duced 1n the interval between two sdentical hypothalamec stimulsuons and was
maamined dunieg the second sumulston. The magnitude of the cardiné
response was the same alter each )} being flected by the per t
carotrd occlusron. In one experiment (cat 6 m Table I} arotrd ceduwon had
been dane before any hypothalamrc snmulaton was camed out Bilateral
ngo(umyhupcrfamcdmmmcxpcnmupnorwhypmh-hmxmmuh'
uon.
In 3 expeniments feat 2 9 and 17 1n Table T and 11 the mtesunal blood
flow was recorded dunog central stimulation of the sympatheuc asodilator
pathway Vasocomstrction occurred in cach ease, s fict
carker otsernvatons (ELianox o o 195))
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Tebhe I Ra;-m(mﬁ‘m_fm{GF)ndbaim
wwdrlcter

(H.R.} to kypothalaml o
aliciting  mmcacke memdilater ripmse

Cat mo. C.F HR

1 A +++ ++

2 A ++ ot measored
] ++ °

4 +4++ ot mezmered
s ++ 4

sV ++ ++

7 +++ ++

L] +++ +

g 3

?
§
|
%

CF 44 d op ‘aboat 1.04y/k L
++ d f abowt 1.5 L
+ n bowt 0.2 5tk L
[ Imtgnificant resgovoe

Cat. n. CF HR Afcr adrenaleckmry  After steflatectonny
cF HR  CF HR
? + 4+ + + 0
B +4++ o+ 0 0
Ty +++ 0 0 0
2o E+ o+ ) o
V reo +++ + + ° o
After esellateciomry Aflter sdremalecwmy
:;A -+ o ° °
b +E+ 0 0
v T+ + +
u + 4 +r+ 0 + o ]
Fars R 4 o +
P

AV FCOCF (444 44 4 ) and LR (+4+ ++ + 0) mo table 1



300 ANDERS ROSEX

The Alagmiiuds of Increased Cardiac Contractile Faeee end Heart Rele
Iulllapcdmcnuthcmmiumrducmmuﬂcforuwoﬂngbypo-
halanh Iation of the 5y h vasodilator pathway was estimated by
dnanuningthcdmcofadranhnemqmmdmpmduac,mmmmlq}cr
tion, & like mcrease in the force of contractron. The adrenaline was miected not
long befare or after the hypothalamme stimulation 1o msure that the cardue
contractility conditions would not differ from those under the hypothatame
acuvation.

Difficulses were encountered fn rmaking a percentval calculation of the
observed increxses of earduae coatraciile force, since the cardiac respoma o
dentical repeated hypothsl lath varied sub Ity
in 2 grven expenment, particularly when the intervals between sumnli were
pr d. In these ext 1t was found, however that the respooss
vaned quantitatively 1n the mme way a1 those produced by fntravenons Infec
tron of adrenalme.

The merease of cardiac Je force accompanying ibation (s
skdetal mumcle ou simulation of the sympathetic vasodilator outfiow was, ander
the present expermmental conditions, of the rame magnitude as that followmsy
Intravenous inpection 6f 0.5 to 1.0 ug adrensline per kg (sec Table 1 and IT)
The heart aceeleratsan, 13 will be seen from Table I and 1} generally amounted
to between 5 and 20 per cent.

Following rermoval of the stellate gangla, and lkewrse after adrenalectonty
adrenaline was always fnjected once more for evtimation of any augmentation
oftbeammnﬂtfwc:mthﬁnﬂlc‘hypothshmcuimudllmﬂwd&dd
adrenaline on the coatractile force was always at least x sfter
blocking of the sympathetic cardiac mncrvation as it had been before (Fig 7)

lmd&wﬂmﬁ-l&w-&ﬁnﬂb‘mﬂ- Muakt
Facomeler Regpemies
lnﬁ:xpemn:nudmhaﬂumu{amho!wtputfmmthudmnhoucudhc
responsey following hypothalami laton of the sympatt dita
pathway was deterruned (Table 11) In threr the ongumal raponse of cardisc
contractile force was partly mhihited after adrenalecromy In a further vo
(cat lowll)mcrqmnxmgbambcdmhmz&dmgmmmnbt
effects were ehiated entrely by refeased eatechols — & posibilin whsh #
supported by the relanvely long latency (10—12 sx) of the eardiac resposia
in these two experments. The muscle vasodilator reyponse appeared, how et
m‘wmﬂwmdmmlnmmowﬂmm
scccleratan was reduced or abolsshed m 5 exper by
Inmnorthrteanhc&veanmw}uchmmuhnmumcdnn\ccbdrda!
from the adrenals of sufls de 1o influence the foree of carduac coo-

mﬂm'lhtldlmoutpmu::yntnbarmmctdmpmductﬂﬂ“m
vasodilawtion.
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Histelogre Exemination

Fifteen bramns were exammed histologically After removal they were foed
1n 10 pexr cent formaldehyde solution Frozen senal sections were cut in a plane
parallel 10 the electrode powtion.

It was found that all localized pomts the latlon of which had ebeited
vasodilatation in skeletal muscle and concomrtant cardiac augmentation, ere
wtiuated withio the hypothalame vasedilator region reported by Lomonor ddl
(1956) In two exp muscle 1ction occurred dtamly
with cardiac ang upon hypothal 1 The Lated
pomts were, however found to be sitaated within the region through which de
vasodilator pathway pases (Fig 9) In Fig 9 and 10, sections of the hypothal-
amus show the 13 localized pomts which when strmulated, were amoastd
with muscle vasodilatation and ncreased contractile force.

Discassion

Recording of cardiac contractile force 13 readily accomplihed with 2 stram
guuge arch — a method which Cotten and coworkers have shown to be excrp-
vonally senutrve for direct messurement of acute changes in the contractility
Its validity has been farther substantiated in the present expenments. For
reasons reported m the foregowng, 1t was found appropnate to record the coe
tractile foree from the nght ventricular muscle.

The stram gruge arch techmque 1 hughly serviceable for expenment? 2
which no substantial changes occur 1 the suze of the beart (CorreY and Ba¥
1956) l!hubtxnconﬁ:mcdmd:eprumtiﬂmpmu.slnc:ﬂxmﬂﬂ
segment between the two pomts of attachment of the strun gavge arch B
stretched, the traang o oot affected to any noticeable extent by the orcuret
nflnmdaﬂehmnaﬂugmcm.thoughnmlybclppmclﬂyfnﬁmw'
more proneunced heart calargement. If hypothalamic stimulatca produord =
c:::.lu’gv.'mcfm:cof(lm:rrgl:xtvcmrlc.h:.tln:r.:!'n-ngci.v:lv!:ut*rn:ul.l-!‘li!t\"'I’P'“"i’bl7

suff o nfl hly the strain gange arch recordmg Tho ¥
demonstrated by sudying the degree to which factors determsning the bect
\-dumemﬂucnctdlhtmgang:ucbnurdmg&nmtheﬂ!hmm
The traang was not poticeably affected by an meresoe cither n aortic pros=t
or 1n the mommumtov.hchnn.d'magmmdumchucwldmﬂkm
the relevant hypothal 1 Cardisc accdleration docs 5ot &5
ficanty wfuence the strain gauge arch recording (Correx 1953) =
confirmed 10 My iInvostigations.

Recent studiex ha + demonstrated the presence, fn the thetc outBo

of fibers which affect the contractile foree of the heart (Corray 195% A"lﬂ:
and Rusmaer 1956 Rampary and Rowsz 1956) Sumulauon Dflh‘;‘

1nereases the contracule force wirthout neeessarly nmfnglbcbcﬂ'"sbmn
patL and Rome 1956  The central representation of these inotrope



IYPOTHALAMIC GARDIAC AUGMENTATION 305

the heart }s obscure, though Rusmuzs «f oL (1939) and Ssara o of (1960) have
demonstrated that the left ventricular stroke work 11 incressed by stumulation of
a fow arcurmseribed areas 1n the hypothalamus, Maxvaxe and Pres (1960)
have drawn, solely on the basis of blood pressure changes, conclusbons regarding
sugmentuuon of the cardunc contractile force. They observed increasas of the

ile force™ on 1 large areas of the hypothalamn. — As
regards the central representation of inotropec fibers to the heart, my wovestigs
tom have confirmed the Rwhmer group s obscrvatiom and have abo de
monstrated the presence of a nngle, relatively well ibed area, ding
from the anterior to the postenor hypothalamus, the strnulation of which 1n-
creawes the cardiac contractile force. Under the relevant experimental conditsons
the augmentation was cquivalent to that produced by ntrascpow mjection
of adrenaline 0.5—1 0 zrx kg

It hay tong been known that various hypothalamic structures cas, when
actvated, Influence the beart mate. Romourx and bu co-workers, as well =5
Murxeo and Prms, frequently observed elevation of the heart rate a3 a result of
hypotbalamlc strmulation. It was found m my wrvestigation that tachycardia
gencrally sccompanied the increase of contractile force eliated by the redevant
sumulxtion o the hypothalamus. Under the prevailing expenimental condrtions
the Incresse 1n heart rate amounted to a maximum of 20 per cent.

Thaome areas the strmulation of which prodoced an increase of cardiac con-
tractile foree and wually tachycardla, appeared to coinade in localiration
with the sympatbetic vasodilator outflow which pames through the hypothala-
mt (Loworex o of. 1956) \men:odﬂ-udonwudld!cdmnkdmlmm:

latlon of the sy il pathway t was mavarably ac
m‘P‘hndbyurd.u:mgmcntxﬂnn.me n 2 of the 20 expenments 1n
which hypothalamic strmulation was apphied & moderate muscle vasoconstricto

’m-ppumdmumhmdyvmhmmcruniardh:mnmm]cfwce.
The hatologic ocalk of the two poants colnaided with other
simulation points bocated within the area through which the sympathene
thﬁhmrpaﬂr“ypllu.lthp(nﬁblcd)acfm—c,lhllm!hmq)amu
theletal minele was led by ELiAmox of af.
(1951) obucrved that vasoconatrictor effocts could oocur in the muscle nmul-
:nt”‘-“‘lehmod.ﬂ.uum on eentral imulation of the vasodilator path-

y

In general the cardlac effects were ather partly o entirely meduated by the
Tr=pathede norve, sdoee 1n almost all expermmenn (18 out of 20} the latency
%18 4 scc or lem. Abso removal of the stellate ganglisa m those anmmals with the
"mhxmcyrcdmdmmmhcduxmmncrdeorm adrenal medulla
i the cardisc responses varied In two exp bolished
G“"mensu in others there was ather partul redocton oc no effect.

AXT of ol (1938) reported that under ther expenmental conditons, one
Mreal gland redenses on the average 0.82 prgflg/mn adrenaline and 0.3
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The Magminde of Increased Cardioc Contractily Fercn and Heert Rats
lunﬂa:pcdmcnudxmmeinmdncmnmaﬂ:forccfonwiughypo-
halami Lation of the sympath il pathway was estmated by
dctmlmnglhcdtncufld:m:hnercqum:dwpmduce Vvia mtravenos ingec
uon, 8 [fke increase in the foree of contraction. The adrenaline was injected not
long before or sfier the hypothalamic stumulation to insure that the cardiac
contractility conditians would not differ from those under the hypothalamite
sctivation.

Dufficulties were encountered in making & percentual caleulation of the
observed Increases of cardiac contractile fovce, since the carduc responss ©
dentical repeated hypothalami Tnch vaned subssantialy
n a @iven cxpenment, particularly when the intervals between stumuli were
protracted. In these experiments 1t was found, however that the repoma
varted quantitanvely In the same way a3 those produced by intravenou mfec
tion of adrenaline.

The increase of cardiac contractile foree accompanying vasodilatatron in
skeletal muscle on stimul of the sy heti dilatar outflow was, under
the present expermmental conditions, of the same magnitude as that jollowing
intravenous mjection of 0.5 to 1 0 wg adrenabine per kg (sco Table 1 and IN)
The heart acceleration, s will be scen from Tabls I and IT generally amounted
1o between 5 and 20 per cent.

Fallowing removal of the stellate ganglla, and hkewne afier adrenalectomy
adrenaling was always injected once more for estimation of any augmentation
of the epnmactile force wath further hypothalamue strmulation. The effect of
adrenaline on the contractle force was always at least x5 prooounced afier
blocking of the sympathetic cardiac innervation a3 It had been before (Fig 7)

Infucncs of Catechol Raleass from the Advenals s Cardioc Ropenss end ex AMaxk
Vasometor Respanres

Inﬂamimutkmﬁmmduwmw:&ummmwuna):ﬁx

raponsey following hypothalame strmul of the sympatheth
pathiay was determined (Table IT) In three the onginal response of cardisc
contractile fovee was partly imhibued after adrenalectomy In s fusther teo
(cat 10 and 11) the response was abolished The latter finding nuggests that tbe
dfmhmdlumdmwﬂybyrdcaxduzaﬂnh—-pumbﬂn whieh B
supported by the relatvely long latency (10—12 sec) of the cardiac respems
inthcaetn-acxpemnmuTbcmmdcvwd]htorraponx-ppand.hmﬂ“
within 4 sce after the omset of stumulation 1n these two cxperiments. The heart
-ccdmhnnmrcduccdorlboluhcdinbapamubyndmm}cﬁomy
Inmofth!ceoflheﬂveaulnwfu&rdmuhmnamd-axtdﬂnm
fmmd»e-dremhofmﬂﬁacn:mgmmd:tomﬂummthcfwuufardhcm
mﬂfmlhcldmhncoutpmmycvmhwwwwpmdmﬂ%hm‘xk

vasodilatation.
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Cordiac Respomses ts Hy pothalersc Stincolatson Elicrirag No Muscls Vassdilatawe
Dunng pty to locate hrypothal pomts the fatfon of whch
would elrclt muncle vasodilatation, two methods were performed. In one, the
electrodes were moved ventrally with continvows stimolation until a respomse
‘wat obtamed. In the other (B experiments} the electrodes were moved ventrally
by one mm steps, sumuolation bang applied at each paint. In all experniments 3
mmcle vasodilator response apparently occurred at the same horizontal kevel
23 did cardiac ang) Fig 7l an cxperiment in which identraal
stumuli were delivered at vanious horzontal levels, the numerals | to 5 odicating
Jevels appronmately one mm apart. Each mmusde vasodilator response elidted
by wus T d by » cardiac Ve resp

In 2 o the 20 experiments (cat 19 and 20) 1n which hypothalamse sumulapos
was applied, mod, mncle ctson was observed however coo-
comytantly with increased force of cardizc contraction. The mcrease of contrac
bl foree and heart rate 1n these two expenments was equivalent to trat in the
cxpenments 1n which oruscle -asodilatanon accompanied the cardiac respoest
and appeared, 1n addivon, within 4 sec after the onset of symulavon.

Somxltancoxs Rocedng of Right 1 entracwlar Comtractils Foecs axd Ripht Intre extrewke
Fresoere

Al 1 the d of the pressuse gradsent a3 well us other
chlhguuﬁhepuhccmtmumymrumxahofchmgumlbemd
ventrrcaler contraction.

Right iatraventrreular pressure was measured, m four expenments (et 3
10, 12 and 19; concurrently w th stram gauge arch recording of coatractile
force from the nght entncle One expenment 1 llustrated 1o Fig 8. The
pube coatonr of the musventncular presure was compared with l:;
siramn gauge &reh recordmg after ippectron of 10 4% dr:ml.u)ePﬂl;‘me
dufmgh)?ndnllmkmuhlmnemgnmmjdclkwrﬂmdllﬁﬂ
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© Cardlac don and mace

Fig. 10 Drawing of  froatal scction throogh  cat

Eypothalamis 7—8 mo pasiErior to the anterior com-

mumre. Stmxchited pointi, hiokogiaally localard o Py
ropion 1.3 eon anterior o posterior ( the sechon, — —
ey reprocnted by the back cirda. All were

smociated with jecressad cardiac force and

(¥ TO aad IIT, wew toxt =0 Fog. 9)

aoct of incresse in amplitode of the stram gauge arch record ng Both adrenaline
and jrrrul i od the ile force a1 d by
the strain gauge arch. Concomitantly the pubse contonr revealed a diminution
In duratson of the sometne pressure gradient, an accelerated e in tenwon,
rystolic presure, and more rapd relsxation. In the other 3

ments, fntr lar presure rap of the same ch were obtained.
In none of the 4 expermments was the rse in heart rat - sufficsent to aceount for
the d 1d of the preoure gradrent. A change of disstolic

Presure in the pulmomary artery caumng the decressed durmtion response
Probably did not occur The  beerved changes of pressure confarm to parameters
which other uthors comuder t  be mdicatrve of increased foree of cardiac con-
tractlon dunng sumulation of th stcllate ganglia (Axzora and Rryemen
1936, Re1so and Rarpart 1959) The present results are in agreement with
thote found by Corrax and Bar (1956) m ther invesngation of the action
of caardwact: ¢ drugs on the straln gauge arch recocding and on the duration
of the nonctric presure gradsent.
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Hitslsgw Exomnatvea

Fificen brains were examined histologically After removal they were fired
m 10 per cent formaldehyde solution, Frozen serial sections were cut in & plane
paralid to the electrode poknon.

It was found that all localired pomnts the 1 of which had elated
vasodilatatron 1n skeletal muscle and ec carduc fon, nere
situated wathin the hypothalamie vasodilator region reported by Lewoxes dol,
(1956) In two expenuments muscle vasoconstnction occwrred concomutantly
wrth cardiac aug upen hypothal ) The Lated
pomts were, bowever Tound to be nituated withm the region through which the
vasodilstor pathway pases (Fig 9) In Fig 9 and 10 sections of the hypotbal
amus show the 13 localired ponts which, when strmulated, were amocated
wrth oruscle vasodilatation and 1ncreased contractile farce.

Discussloa
Recording of cardiae contractile farce 15 readily accomplished with a straln
gauge arch — & method which Cotten and coworkens have shown to be excep-
vonally senmtive for direct meanrement of acute changes in the contractifity
Its validity has been further substantisted 10 the present experunents. For
reasons reported m the foregong 1t was fornd approprate to record the coo-

tractile foree from the nght ventncular musde,
The stram gauge arch technique 13 highly serviceable for expenments ot
whech po substantial changes aceur m the mre of the heart (Correy aed Bay
1956) a3 has been confirmed 10 the present invesugauon. Since the muade

enlargement,

matpwnmmwdhwtgﬂug:mcnl{hypahxhnﬂcmmnhdaupmdndn
enlargement of the nght ventncle, the change 10 ventneular ure was probubly

fh 10 mh bly the srain gauye arch recording Tha ws
dmrmmdbynndymgtbedqmmnh!chﬁamdnn—mimnglhcbaﬁ
-nlmmmﬂucncedthtmmpugcuthmdmgﬁmmeﬁghmuﬂia
The tracmg was not poticeably affected by an incresae ather m aortc progare
or 10 the \enout renum 1o the hear, of magnitudes much x could result from
the relevant hypothal L Cardisc et doos not fgme
feanty nfiuence the strun gavge arch recording (Corray 1953) as wid
confirmed 1n my mvestigauons.

Rcccmm:diubatdcmommxcdlbeprucwc.m:hcrymp-lhdmomﬂﬂ"
of fbers which affert the contractile force of the heart (Corroe 1953 Aok
and Rumnax 1956 Raxpats and Rome 1955) Stmmlaton of thoe fiben
mereases the ile force without iy raming the heart amc (Rax
paiL and Romse 185 Mmuﬂmprammmormaeuvacﬁbm“’
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the hexrt 13 obscure, though Rrsruer ¢ «f (1939) and Surma ! of. (1960) have
demonstrated that the left venmcular stroke work 1 increased by stimulanon of
& fx arcumseribed areas an the hypothalamut, Maxxxo and Prms (1960)
have drawn, solely on the bams of blood pressure changes, conclunony
augmentation of the cardiac contractle force, They observed increases of the
con fle force oa stimul large areas of the hypothalamms. — As
regards the contral representanon of motropic fibers to the heart, my investgs-
tora have confirmed the Rmhmer group s observatioms and have also de
d the p of anngle, rdd ty well. ibed area, 1)

from the anterior to the posterior hypothalamus, the stimulation of whrch 1n
creass the carduac contractile force. Under the relevant expenmental conditions
the tion was equrvalent 1o that produced by intra enow Infecton
of adrenaline 0.5—1 0 pgfkg

It has loag been known that vanows hypothalamic structures can, when
actrvated, influence the heart mate. Rupnex and his co-workers, as well a1
Alanaxc and Prm, frequently observed elevation of the heart rate a1 a result of
bypothalamic stmulation. It was found 1o my investigation that tachycardia
geaenally accompamed the increase of contractile force cliated by the relevant
rimnlation in the hypothalamus. Under the prevailing expermmental condrtions
the increase 1n beart rate amounted to a mammum of 20 per ceot.

These arcay the strmulation of which produced an increase of cardiac con-
tractile foree and wsmally tachycardw, appeared to cownaide n localizaton
with the sympathet; vasodilator cutfiow which pasees through the hypothals-
s (Levoonew of L 1956) When asodilatation was dicited 1n skeletal muscle
by latlon of the sympatl clil. pathway ¢ was inearnably ac
companred by cardia  augmenttion. However in 2 of the 20 apenments 1n
which hypothalamic stimulstion was applied, 2 moderate musele vasocomtricto
Topone appearced concormnrtantly with an increased cardiac contractile force.
The hotologic Jocalzation of the two 1 poutts coinaded with other
smmulayon pounts Jocated within the area through which the sympathetic

stdenal mincle vasodilatation was concealed by vasoconstriction. ELiamow of af
(1951) obeerved that vasoconstnctor effects could occur in the muscle wmul-
Wneomly wath n! an cootral L of the h! path-
ay

In general tho cardiac effects were ather partly or catirely mediated by the
fympathetic nerves, aince 1n atmost all expearmments (18 out of 20) the latency
“2 4 3cc or lew. Abso removal of the stellare ganglia 1n those animals with the
thart latency reduced or abalhed the raypooses. The role of the adrenal medulla
= the eardinc respomes vaned. In two experments adrenalectomy abolished
‘htmdhcmpomu 1n others there was ather partal reduction of no effect.
ORaxr ot of, (1938) reported that under thar expemental conditons, ooe
'd*“nllhmird.n’uogmhnlvuwcoﬂpgﬁahnmndmmﬂnc.ndw
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;rgjkgfmnmndrmahn:uponhy’pmhahm}cnlmuhtwnlndztymplhmc
vasodilator area. Intravenous adremaline or poradrenaline infusion of 0.1—0.5
Ag/kg/min 13 conudered to be suffaent to caise an Increase of cardiac con-
tractile force (Rosfx 1961 b) Since the present cxpenmental condition are
unilar to those of Graxy o ol and of Roskw it b not srpaung 10 find that
cardiac lon partly due to hols released from the sdreml, ocams
when the vasodilator outflow Iy actrvated in the hypothalamus,

The present expermments showed that cardisc augmentation probably renuls-
ing 1 an increased output, as well as skejetal muscle vasodilatation splanchare
vasoconsgiction, and catechol decharge from the adrenals were charactermtic

responses to c sumulation of the vasodilator system. The candm-
actsve fibersfound in tho ¢ clated waththe ¢ ilatorarea
munce it was not pasible to o them diately outmde it. The

question anses whether the copcurrence of these reasponses is purely comncdental
or whether 1t pants to a functiamal entity To judge from the results, the hypo-

d

thegs of & functional entty s plansible. Such an ption &5 further supp
by the observation that an mereased force of cardiac contraction as well a5
tachycardit occur on 1 of the dilator pathway m the obloog:
medulls (Rosty 1961 a)

There are several condi: iated with a card, pattern of the
same type as that obtuned by hypothal of the sympatk

d 1

vagodilator syrtem. One such n
carduac outpuat (STEAD « of. 1945, Hrexan, Caxgor and Gownex 1948) varo-
dilatation 10 skeleta! musele (Bram ¢ 2. 1959) and incressed catechol release,
manly of adrenaline, from the adrenals (for references see Evien 1956) are
all relevant 1o emotional strexs. Furthermare, 1n the condstion the hypotlatamm
1 known to play an nmportant mtegrative rofe. That the sympathetic vasodilator
pathway may be act ated dunng d. of y way suggerted
JArxaraa and Hoorox (1958) They lated the hypothal
pathnay in anesthetized cats and allowed the ammals to recover consaoumes
with the dlectrode w afr. Repeated stmulation produced respornses desnbed
as “flight wnd fight reactions  In another sene of expenments on comco
cats Anzanaus el (1960a) observed, fallowing acoustee and pocicepuve sl
ton, a rse of temperature m the venous blood frum the skeletal muscle. They
suggested that thus reyponse mught be caused by muncle awdilatation diciied
by sctivation of the sympath dilator outflow The dilator reponse
was prenmned to be part of a defence reaction.
Tbcﬁclthnnmpubc&umd:cbnmmypmduccardu:.“ﬁmnm
cardiac acoeleration and muscle -asodilatatron slso feads to other specalations.
Rusroax o & (1959) pointed out that the presence of such mechagums appean
enential to a0 explanavon of the wy:}ruptraponuuthcomﬂd’m
mammmmjmmmnnmgm
They foand that changes of carduc fi foll hypoth

il
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ton were dutinetly aimilar to treadmill exerese raponser The fact that the
sympathetic vasodilator outflow has a cortrcal ongin (ELtasmox, Looonex and
Uraks 1952) 18 one of the reasons for the mference that 1t may be mnvolved in
the imtal phase of muscle exerche. The present finding that augmented
cardiac contraction, tachycardia, and muscle vasodilatation occur concom
tantly In respome to hypothalamie sumulaten supports the hypothesu that the
vasodilator system may be concerned with the intial adjustment of the muscular
blood flow dunng exercise.

The expenets of this foveatgation wers defrayed by the Swedish Medieal Reseurch Coun-
iﬂ:wwwmmmﬂmmmmmm
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Further Observations on Anaphylactic Mast-Cell Changes
in the Nasal Mucosa of Guinea Pigs in Vivo

Br
Lawms Oror Bowim
Rreedved 23 March 1961

Abstract
Boston, L. O Furthr sbswratincs s caepdy lactic masi-coll chamgrs i the

venurtized

lpphndmulmﬂ:mn.Ammduthonnhhishdmad.me
penent of active anap nor did they sh

alter tho  vernge mast-cell of the tioe. Afl

ctﬂmnh:wmtﬁmmm(mhgmﬂlrdbymm!rhﬁthﬂn

bormenc.

Adminntration of antigen to the nssml mucom of scnsited gmnea pigs
s causcs & raped and extenarve decreasce 1o the mast-cell count, which may
be studied quantmatively (Bomtus 1960) In this invertigation the method was
wed to study the local anaphylacte mast-cell respanse under vanous expen
mental condrons  namely lﬁcr[nmve-un‘ldnﬂ:mdtbcmhn.lwhhnbbn
Antserum and after  ctive semtization by topical, intranasal application of
Cmnrb\mh_lnnddjmdnpdicmﬂumofACrHlndmouthe

‘, active anaphyl hub@mdbd.}'mﬂyohnvnﬂom
relating to inhibiton of the hrylactic mast-cell dmappearance and t the
P of previously aboll “medhindxmnanmreporu-d_

13015 A te phyoel scand Vel. 52



albamon. Intra-artenal challonge was dane m the anaetbetired animal via the comeon
carotd artay with I ml of & 10 % w/v solution of egg albenmn in sline. The infection
tome was | minute. Two specmmens of nasal mucoss were pemored from aoe side peioe o

meam of a quantitative precipitation test, which disclosed a titer of 1 10,000,

Results
L Devicpnent of anaplyloctic mari-<ell sensitinly

Pessre sesitieatson. Previows work on gninea prg mavt cells s exw (Boxfos
1960, 1960 2) had been done with actively senmitized ginnes pigx. A few ex
periments were now performed to ascertmun if 8 similee mast-cell reaction o ey
could be induced followmg passrve semsinzation.

Three arumals were grven | 2 and 4 Intrapentanen) Injectiony, rospectively
of 1 ml rabbat anti-gvalbumun serum. The myections were given on consecutive
dayy, and the sanhmak vrere challenged on the day after the last infection. The

lung 1l disapp was for 1 ml, 62 and 79 4 for 2 ml, 85 and
95 ,, and foc 4 ml, 86 and 95 ,4 It was noted that the ansphylactre shock
symptoms were furly mild i all anumals despite the intentive mast-cell resction.
An increased resprratory rate was observed in oot anumal, and unination and
defaccaton m another but no sgns of severe broncho-constrcuion appearsd
and no anaphylactic death occurred.

To test the duration of the pasnvely induced anaphylactic state of the mast
eclhy, 5 other pormal gmnes pags were gven 2 infechom, each of 1 ml rabba
anb-ovalbumm serumm, on two sabsequent days. They were challenged with egg
albumn 6 11 12 and I3 days after the first mjection, The Sfth anmal was
tested on day 15 with 1 ml rabbit serumn ntra-arterially The mast-cell respose
in thete 5 arumaly » shown in Fig 1 Tbe-mma]dnllmgcdndayﬁ\ﬂﬂh‘
cnly ane to suffer fatal shock the otbers showed po symptoen. The last andmal
gested yth rabint serum on day 13 reacted with intensrve, fatal amaphylactic
shock, mdicating that 1t bad developed actve anaphylactic scasanaiy 10 1he
m(hnnd:xpammnhldnbownlhnlmmlnmwlum
anmak did not affect the man eells
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Bw

1 Arapirylectic mast-ccll dimppearunce from paal
" ?nn—-fgdncn at variow npcrvale alier passce
wich ati-oralb

i
]
T
F
i
8

H

appeanancy obiaioed it eoet axiemal upon challeoge
with 1 m! rabhbit serum on day 15

8 o

¢ 1 0 R Mam

Actize outrenssel senritization. Four normal guinea pigs were amaesthetized and
Placed in “hanging hesd postion. By means of a thin, alightly bent steel
Qnnula, 4 portions of 0.02 ml (2 mg) egg albumin were deposited, with 15+
mmnte intervaly, on the inferior paml concha, the cannula beng introduced
throagh the Left nostril, Great carc was taken ot to injure the mucoss. Except
fox some meexing, the appl duced Do symp In this vay each
nimal recerved 8 mg cgg albumin intranamlly One, 3 5 and 7 days later
the whale procedure waa repeated, 30 that each ammal recelved, in all, 40 mg
g albamin via the left pasal mucosa. (It should be pointed out, bowcver thata
Pt of that ameomnt had been ejected from the nasal cavity by sneenng )
About 4 weeks Iater 3 of the animaly were anaesthetized and challenged with
Amtigen intravenomly intra-arterully (left nde) and intra-arterially (nght side)
Tapeetrrely The fourth animal, however was sacrificed by a blow on the head
and the nasal muena subjected to gros and mucroscopic examination. No Injury
of the mucosa was detectable and the mast cells an both sides appeared quitc
bormal. The result of the challenge was as follows intravenous mnfection
relatively severe anaphylactic shock with strong lnspiratory movements, cyanoss
Nmﬂm-mpﬂdhmwwdmmﬂ;m
both the feft and the right sides Intra-artenal injecbon lethal shock with
Smappearance values 91 and 90 % (left side) and 99 and 96 % (nght ode)
In alnter serses of 6 guinea pugs a much smaller intranasl dose of egg albumin
a3 thown to be safficient to mdoce local and general anaphylaene sensitivity
T of the 6 armmals were treated on dayy | 2 and 4 as described above, cach
tme with 8 mg egg albumin intranssally Two anmals were treated on days
)“'dl.lndtwowcremttdonccouly on day 1 When challenged 3 weels
with egg albumun the twice or thrice treated amumal succumbed to
shock, Th values for mast-cell dmappearance in these ammals
Aoged between 80 and 93 &, Of the two anunals which recerved only & smgle
©ne shoved no thock symptotms when challenged, whereas the other

::T’zmmymwncmm-mﬂw
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Table I Den schedals for ACTH coricme ond axtipes dwmg the santicelwa perwd

Day

12 34 5 6|70 9 100 n
Grmp 1
Astigen mg 100 100
AcTH E 1005 5 525 25 25 25 235 113 135 1
Greup 2
Antigen mg 100 100

Cortisone acetste mg 25 125 J2% 115 623 625 625 G25 625 625 615 B

Influence of ACTH and cortisone o the deveiogment of actre sexcitt stwn. Two
groups of 5 guinca pigs cach were sensitized 1n the usmal way (one subartancons
and, three days later oae intraperstoncal mjection of 100 mg exg albamm)
those in the first group bang smnultsncownly treated with ACTH and thoee
jo the second with cortnone. The dose schedule i given in Talle 1

On the thirteenth day the anmals were challenged with an mtra-artcral
1npection of 100 mg egg albumun. All of them reacted with faal amaphylactic
shock. The mean valuvg for masicell dmappearance were i the ACTH-
treated group 78.4 - 48 %, and in the cortisone treated group 846 +
2.8 4. These values did not differ sguficantly fram the corresponding mean
value for untreated, actively sensiuzed guinea mgs, challenged with like doss
of antigen (cf. Boxtts 1960) That reaument with these two hormones dd
not ugnificantly reduce the mastcell population of the nxxs] moeoa wat
establahed by comparing the value for the bormone-treated anmals with &
values for pon-treated gumea pup of the same stock. The values were ACTH-
treated 3.2 2 06, cortmone-treated 30 £+ 03 and untreated controbs 30 L
0.6 cells per 0.256 mm

11 Madifcanon of the mast-cell response to entigem
Pretreatment with ACTH axd cortisme Two actively sensitred guines fogf
recaved 10 JE ACTH subcutaneously and two recerved 25 mg cortisonc aceuté
subautaneously About 3 hours later they were challenged with an mtra-arteri2!
injection of 100 mg cgx albumin. All four smmals evinced fazal anaphylacse
shock and an intense nnn-c:ﬂrucdou.'l'b:dmppnnnccm(mﬂ““
values cach) m the ACTH-group 91.0 = 23 ,, and m the conmore§T™P
263198 . )
Hmdwmﬂxcﬁmddnmai(mpcnmmlbcmﬂ
e e
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x

100

60
Tg 2 Inhihiton of nephrlactic men-crll de- ﬁ .
193 mg cpg albumn. 3 team xnd aron g “ 43 s
o § duappearance valeer

RECTAL TEMPERATURE

dﬁlmlrea;ltcmpanmmhadbcculnun:d (41—45 C} At thar pomt,
(reached after 30—40 mimutes) the animal was removed from the box and the
reetal temperature was allowed to fall to 38—39 C. The ammal was then
challenged 1ntra-arterially m the usual way The inhubitory effect of heatg o
endent from Fig 2. The heating p dure was wually panied by some
degree of resperatory and erreul ey though anaphylactic symp-
w3 were uill dicernible in all three of the animals heated to 41 C as well
B one of those heated o 43 C. No shock symptoms could be detected
in the other animaly,
dememmﬂnmgdmdgmwndmmmdmn
wterhally to sermnzed guines piga. The inpection volume was m each mstance 1
o, bt the ingection time varied in three animab it was ! minute in four
10 minates; and 1 three, 30 munuter, A constant injectron rate was asured by
= of an fnfrmon pamp
experiments had exposed ene drawback to tha type of study

L €. the fact that some animaby developed tevere, often fatal anaphylacnc shock
"lﬂﬂntbelﬂ-mmneorw—mmnupmod.ﬁm,ulp-camnﬂnmmnh
I th serwes were pretreated with 1.25 mg promethanne, admnistered mtre
Peritoneally about one half hour before challenge. Previous experiments had
1hown thay this hitaml did not ngmificantly 1nfl the
faphylactic martcell dappearance in nasal mucosa but sufbced to protect
¢ animals from symptom of ansphylacte shock.

The dinppearance values were as follows 1 minute, 920 + 2.7 % 10
Wnifes, 788 + 4.5  and 30 rainutes, 227 + 13.9 4, Thus, the sxndard
STor i higher in the 30-nunute group than in the others. Since these anmmals
“CTe pretreated with an antihstaminic drog which precoded anaphylacne
meaup-rhmdth:hncrmpcmble.&mnlwmpuhmd
doappearance valves for the three groups gave the following renult 30-
;rh::mmplmdmlmmcmp P < 0001 30-sainute group com-
1 molnute group, 0001 < P < 0.01 10-muinute group compared to
‘lﬂﬂwxrwp.o.01<Pgoos
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mmistration of antigen was employed, 5 portions of 2 mg antigen cach belng
dmtalved in 0 02 ml saline and introduced 1nto the left nasal cavity Thac
volames were too small to be asprrated and thus lead to snaphylactic shock.

Following this treatment the animal had, on the right side, an mtact ma!
rmmucosa and on the left a mucosa wineh had undergone a local snsphylacte
reaction with mast-cell depletion. The antmals were killed after varyiog atervab
and the difference in mast-cdl count betwoen the right and left udes was
atimated. The results of these expenments are shown in Fig 3 The applicatm
of antigen resulted 1n a sharp dechne In mast-cell population, Total duappear
ance of the moast cells was at no tme observed, however After about 3 weels
the mast cells began to reappear They were smaller than normal asd the
metachromatic material was sparse and funtly stained. Within approximately 7

} weeks, most of the mast cells had reappeared and had regauned ther veml
xxc and staming characterntics,

Attempty were made to maintamn the low mast-cell populavon follownng
local ammphylexs. In several anmmals, therefore, antigen was reapplied -
tranasally 5 weeks after the fint treatment. When the anymals were killed # kv
weeks later however the left nasal cavity and in somce cases the right one wet
found to be severely mfected and suppurative. The inferrar nasal concha wxt

entirely or parily neerotic and in imals no conchs wh
Histol 1 of the of the muctsa reveabed, (o some

£ 1

2 d i} of mast celly dmbuted throughout the
concha.
Somcoftbexmmhnmchaﬂmgtdmm-nugmtunmnngmﬂd:
specimens. They all developed severe shock, showing that the sniranasal
mmlm—tuonofnnugmh-dnozbn:nmmdcnxwpmduce-ppnd-ucdatﬂ"
tuzation {¢f Boxfus 1960 a)
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Two anmals treated B weeks earlier with miranasmilly applied amngen were
challenged with the standard dose of antigen wntra-arterially Before challenge,
oo specimen was taken from each nde to make certam that the mast cells
had retorned in the usual way The antgen injection produced fatal shock 1
both animaky, and gave rise to = strong mancell reacton 77.3 4 3.2 %
Ths experiment mdscates that the mast cells which have reappeared followang

byl reachon, diappear at appraximately the former rate upon further
antgen sdministration.

Discussion

mﬂm‘.‘ |r‘ I’ of M .ndj vr

of actrve phyl was carly frmed by d ion of the pawive
amaphylache state in which & normal ammal recewves antibody formed by
wnother anfmal. An exentlal factor in passrve anaphylaxis in the gmnea pig b
thehmvubetwcmdnmln}eumafamnwdywdmﬂgmmmmt
Perod mught reflect the time requured far the antibody to become fixed on or
in the celly. Such a hypothesis is supported by the finding of Bexacxxar and
Eanar (1349) and that of Ovay and Bxx (1953) that the latent period can
be reduced with wncreanng doses of sermtiring antisorum.

Though cellular fixation of antibody may take place more or lem uniformly
mthe body 1t secoms that, quanntatively only a few types of eells play a major
ole m anaphylaxs. In the guines pig, the destruction of tiwue mast cells
ppean to be a principal factor 1n the geness of anaphylactic symptoms. Speches
Gifferences, however are mmportant. For instance, rabbat platelets, which con-
fain serotomn a1 well a1 most of the blood hutamine, are dnintegrated in the
Bood by antigen o sire (Hosrrerr and Jagues 1953) and ix e (WAALXED of
€. 1337) It 11 probable that these cells figure predormnanty in rabbet ama
bhylaxh. Thk may cxplun the carly observaton that na latent period o re
red for pasmve senmtizaton in thy gpeces, when both antibody and antigen
Are administered intravenowsly (DaaoyrenT o of. 1940 Dwaosreor 1941
Rociia £ Sva 1942) It 1 unlikely that platelets are of major impartance in
“Lﬂ'lpec-umd;ngmnnp:g rat and man, unce these species do not produce

the high levels of circulating 10 rabbit (Wamneax
1959) Moreover it waa shown by (1933) that anaphviactic shock
20 bo produced m guines pigs completely deprived of clrculating platelets
"Hhu:d‘plnﬂnmmcmm.

Howrrney and Mota (1959) incubated mesentery from pamvely semmtized
“‘]-‘npigxwhhmugm.nd‘ d a dumt of mast-cell b

Tresent invesugabon shows heavy mastcell depletion 1n intact bwue oo
tigen adminstration m tzv to a pawively sensinzed guinea pig The finding
Unt the rragt-cell reaction may be elated o the wxth but 1 5o loager ellatable
o the eleventh day after inpection of the antmerom » m accord with early
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obscrvations on the duration of the pasive anaphylactic state (Wem 1917
Cocaand Kosaxar 1920) Tbclnﬂ]xx:ly‘-cnnum.{n!l:nnnwunotmlyrm
ble for thcpmvcmphyhmbmmmxud,-ttbcnm:ume,mlvcmﬁ-
body producnon which was demonstrable 15 days Iater when the mast eells
showed marked dmntegraton in response to injection of the rabixt serom.

Local anaphylaxs witbout general phylscic shock, but dested 2
disappearance of tisue mast cells, was observed in the nanl mucoss on tople
application of antigen solution thereto (Bontus 1960) The reaction was raped
and oniform througbout the nasal concha, mdicatng that the antlgen was
casily absorbed through that usuc. This i cocroborated by the findmg In thiy
study that active seputzanon of the whole anmmal 15 readily induced via the

| ronte and 1 d ble both as anaphylactic shock and as a mast
cell reaction to antigen. STROMME (1952) reported that local application of
rye and burch pallen to the nares of gmnea prgs could produce active semuta
tion, fested as a nawal drsch and ay meezing and ung of the nose
when the animals were challenged by pollen applied to the nares. Intravenom
injection of pollen extract produced anaphylactic shock symptoms but caused no
death. In thy investigation an attempt was made to duplicate these expenments
with the mast-cell method. Rye and buch pollen was given parenterally m
large doses to normal gunea pigs. Challenge a few weeks later by means of
intra-arterial o topic adminutration of pollen extracts, however gave me
to neither mast-cell reaction nor anaphylactle shock symptoms.

Much wark has been devoted to inhibstion of anaphyl. For the
type of strdy m tifre methods such as measurement of histamine Liberation
from twues, of mast-cell reaction, and of smogth-muscle contraction have
been widely wed mnce they permit numerous expenments on onc ammal.
Studres 1 rro have been based upon extimanion of the intensity of anaphylsctic
shock symptoms. This inteanty b duficult 1o evaliuate quantimtively and
subjectrve error 15 nat catily avorded. In ao eadicr paper (Boxfor 1960 a)
mhibiton of anaphylactrc mast-cell reaction was studied quantitatrvely during
desenutization processes m rze The same method fs here wsed to study the
effects of ACTH and cortisone, of heating, and of slow antigen adminstraton
upon the mast-cell scritivty to antigen

Dopite extensive study of ACTH and c, the ph dynamics of |
these hormones 1n allergy remain obscure. Their nfluence on anaphylactc
reactions i controvernal. Although nesther dose-reyponse nor time curves wert
plotied 1n thes study the negative results with ACTH and cortbsone respecticf
anaphylactic mast-cell response in actively sentitized guinea pig tend to sub-
stantte the view held by most authors engaged in guinea prg studies with
vanous techniques (Lxoxx Lerm and Rote 1918, Fareniarozs and P
Larxpex 1950 MALxirL 195]) Inthe presentexperiments the dosages of cortsoot i
and of ACTH (which has no direct action of its own) were fairly high, s=d
any definite inhibistory action of those drugy would have Jowered the dmap-
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pearance values. The dose of antigen was the same as that used earlier n studiey
of mhibstk Iting from du {Bomics 1960 2)

The cffect of the adrencoortical hormones upen formanon of amaphylactic
antibody i likewisc unclear \Moststudses of this prohlem seem to have been done
fn rabbits (for references, see Rom 1939) That ACTH and corsone may
depress antibody levels In this species 1v generally agreed. Geruuta OrTrzura
asd Orasa (1952) reported similar suppression 1n the gumnes pig In the
Proent expenment high doses of bath hormones faled to depres exther mate-cell
Teaction to antigen or the anaphylactic shock, It 15 postible that cven a meager
form of antibody suffices 10 senshme the twue mast cells (and probably
other cells ma well) whereby a full anaphylactic respouse may still occur

Aror Haxcrex (1952) reported that during adminstration of cortsone to
bumant, rabluty, muee and gmnea pegy, the number of mast cells & the connec
tive tiwoe d hes and T a3 well ax al 1n the shape and
outlindy of mast celly take place. Similar effects were noted m the hamster by
Forron and Marsano (1953) and in the mt by CAvaLiz=o and Braccon
(1951) On the other hand, Devirr Pororrxa and Sasuars (1953) found that
cortnone produced no change in mast-cell frequency m vanous rat orues in
Experiments involving numerscal cell countt. ACTH and cortsone morcorer
lhdmeﬂ’enuuthemu]numbaofmmcdkinnnmu@mmdlz\m
1834) or 1 the cheek ponch of hamsters (Surm and Lewn 1955) The present
Texlty accord with these findmgs, No decrease [n mastcell frequency was de
tected In the nasal mucosa of gumea pegs during treatment with ACTH and
Cortone, nor way & spectfic change In the appearance of the cells observed

The thermal Inhibxtion of hylaxis has been addnced by several authors
' evidence of an crrymatic stage in this reaction. s rie experiments on guinea
P‘E‘mptxfm-mcdbyucnm.ndSanw(lﬂx)w*mmncuith:tm
Phylactic shock was inhinted m animabs which had been heated before challenge.
mmluudymuulhltthnpbmommnmynmfmmhlhfbimn
of the mastcell reactson to antigen

Frolongation of the injection tmne dminmhed the mast-cll response, al-
though the S0-minate valves showed a high degree of variation. A posibl
Sxplanation fy that the timue antibodies were partly mturated with antgen and
the cells thuy d Thh kind of anaphyl hibitzon has long been
Tecognired (Fareparaars and Mita 1917 Lewn 1919)

Semitored guinea piy treated by pplication of antigen to the nasal mucess
Shibited almost total mast-ccll depletion of the mucosa oa the treated lde
bt normal mucas on the untreated nde. The procedure may be utileed for
Eudy of mucoeal mast-cell function. In thy im esugation the rate of reapp
ance of mast cells was | d. It appean that
n:hmdymlhepﬂnupighubtmmdywmh;r/

.
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maat-cell population was bund to be rather slow and of the same order 1 the
recovery of histamune 1n the skm of dog and rat follewing Infecton o came
pound 48/80 (Frineero and TAtmrax 1953) It wes alo found compente v
the restoranon rate of hestamune and mast cells in the suboutancons commecyre
tiue and the car skin of the rat after infection of the same drug Ry ed
Vst 1935) The reappearmg mant cells were found to react prooply »
readministered antigen. New formed cells thus adopt the induced snaphylacne
scusttrvsty pattern of the mdividual.
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Quantitative Differences Between Guines Pig lleum
and Uterus in the Schaltz Dale Reaction

By
Lans Oror Boxkos
Recaved 25 March 1961

Abstract

Bontws, L. O Qmewriative differoaces betscn guinsa-pug ilcum ond whorss
o the Scknitt Dads reacten. Acts physiol. scand. 1961 57 320327 —
Although the anaphylachc contrachon of smooth musdle i i (tbe
BomuLrz DAt rescoon) i of the sxme type, mtensity and durstion
in gumes pig Jeum and gteros, some qoanttative differences berween
these two ooy are d be. To produce Jent contractsoot
by sddinen of hestemine to the bath,  ten times higher dose wis required
for uterm than for ilewmn. In the case of uten, this amoont way ot
than three tmney the total hustumine content. Utenin releswd mock
groater amounts of h-emncle sth by duriog -

contracton than did ileum. In terms of hustamine, 9 and los

max-cell demamtrable only with the highest antigen
doses uyed, was more pronoanced in wtore

A ch feature of anaphyl 1n the guinea plg b smooth-mueck:

mmda.urmﬂ-slk

spaam. The pronounced contraction of the bronchiolar
discharge of unne and facces, are wellknown {n the anapbylecte
shock syndrome. Scrturrz (1910) and Dacr (1918) danmmtnithlﬁ
indueed contraction 1w rigre of the nolated fleum or utena (the Wmdemuﬂ-
reaction”) Snnﬂlrwnmuionulnohzcdgumapégdmnhubtm

wrated m strips of bronchus apd pulmonary artery (Grove 1932) o38) b

Tbcd.uw\‘cryofhmmmemlh:mmcdh(Rn.zYnnd“n‘rl )

grven posibilites of new expermmental .pprmcbatonmpbyhﬂkm
Incubabon cxperiments with senmtized  guinca-pig LU

320
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Caamzavaxry 1960) showed that anaphylactic disappearance of mast colh wax
coxrelated 10 the appearance of both histamune and another smooth-mmcle
principle, the slow reacting sutwtance (SRS)

In the cxperiments reported here the mast-ceil reactiom occurnng in solated
own and wtenn of senantlaed gumea pigy following the ScruLrz. DALE reacton
“erecompared By means of a non-senutized strip of guinea-plg ileum suspended
1 the mine bath, the amount of released smooth-mmcle sumulating substence
a8 meagpured simultancously

Mytheds

Faale vmpmal goines plg, weighing about 300 g were senntised with one sab-
atancony and, 3 days later one mtraperitoneal injection of 100 mg crystallme cgg
“Bmin. Afier an interval of 3—3 week the animal were sacrficed by blow on the
bead kg the flen of uterue was removed, wathed and tmmersed in Tyrode solution
# foom temperature pending e

Sepments of Bewm or wenm, about 1.5 an Joog, were sapeoded in 5 ml senated
bxth 0t 37° C, The fuid was Tyrode solution contamung ghocose (1 my/ml) The bath
& wabed by overfiow The supended scgment, ealled the Sarurtz DAt segment
(5D segruent) was attached to & froatal lever and i contractions were recorded o the
kwdrmhuﬁmmipdﬂnmummn,uﬂtdlh:cmﬂﬂmm
kwmened fa Tyrode solution t 37 G durlng the experiment, The chanes of sdded
dmp (hisamine o egg Albumi, both diatved tn Tyrode sohuton)

Ia the induator segment experiments, designed to revesl amy relese of mmooth-
:{"*Mmimmemhmuzmqwdmmmm.mp
e from  non-sensbtired gulnea pig wes spended in the bath together with
:mmlumnn\cdnmmrmxdcdhymhukvcr A wnflar technique
been maed by Dwomzraxy (1959)
The experanental ure was as follows When both SD strip and Indicator strip

bomogentred, eutralbmation,

Xt wes eamyead for bistamine on atropnared (15 % 10~ M tropine sulpbate)

fobmeaoog fleum, A sunall piece fromm tho control strip ws fixed for examine-
" 7§y

U} the rematader veas weaghed and ary ANl histaml

::‘-cthumam.m was compared with that of the control segment
- 5 depletion of the call popul ¢, “mam-cell & e
Foae decremse from the contral segment. (A negative value thoy denotes

Mdm&hmmmlmhmmm)
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Bymumdthkp-ucu!mtbefcﬂodngn}uacmﬁbeobuhud (1) The depree
of 8D contraction i terms of hatamine {2) the amoumt, in teron of katamine, of

comiracting
strip inso the bath curmy snaphylactic contraction (3) the hatamine content of the
5D stmp and of the control strip after the expertment xod (4} the maw-ccll dmappesranes
valoe far the 8D strp

Results

Dstribution of west cells o0 geonea-prg ilexm axd xierns. Meat of the mast cells b
guinea pig ileum are Jocated in the basal part of the mocoss, 10 the submucos!
layer and, to a somewhat lemer degree, in the direnlar part of the musculas cost.
In counts of 20 different strips, the mart-cell populanon was 3.2 times hugher
1 the submincota and the basal third of the mucoss than in the cirealar mosde
Tayer

Utenne mocows membrane o poor m mast cells, Only in the decpest byer
was some mast-cell accumulaton observed. The moculars mucosre azd e

b were parstively nch in man cells and 1n a series of counu in 3
different strips showed a frequency 2.9 umes higber than that of the outer
muenlar ayer

Scveral prelimmary expernments with  differenual” counts had disclosed that
the nrast eells in different layers of ileum and uterus reacted smilarly and In e
degree to antgen. In these experments, thereiore, the total numben of mat
erils m whole sectioen were wed ko the comparnont.

Experinents stk owcater strips i the bath, The prnopal results ere detailed 2
Table I and will be revicwed column by column,

(1) The standard antgen concentration of (004 mg/ml lavanably produerd
substantal Sernrz Dave contracton in both fdeum and wterus, aad of ke
typc.immfylnddmdtm.ﬂmmnmcommrmdlﬁ:rnhmaﬂo—”
scconds. The manmum was resched after 1560 secands, when dow reaxation
occrared. The iunal base line was usally resched 10—20 mumutes lates It
will be seen that the amotmt of hotamine needed 1o duplicate the reactoR
nnmnchhgba&rumwﬁrﬂm,aﬁndmgwbxbnmﬂi
the well-known difference 1n the semsitmaty of these two nwues to haamind
On oceasion the wsenntrvity of wterus to histamune way so great that &6
mndudmmh.dmbcdmedhxb:mphﬂlm“m‘”m'“md
mhgﬁamncmmuouo{hhnmcmlbebﬂhlndpmibkmdm“m
sabecquent semmtvity 0 begamune darog the Scrvrrr DAz resction, B
deseribed by Scrmo (1936) Iubmﬂdbcnodcd:hulbcmumdmﬁ
mcdcdﬁurdup!n:uanofdecﬂunDAummmmmnumt
{hree trmes the total amount of histamine in the sp

Itwﬁotua\d‘halnnrmgo&hcmpumﬂmdc’dmmnmm?z;
ture gradmlly decressed ther ability wmmmnuﬁw

bt did pot prodoce & ble Jour of ©
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Takke I Rrmits of operiments with Schrito-Deale coniractum of (o avd wierat wi the presomce
o inficrter strip of Hexm m the sy boit. Fmal antygin comconivatem 0 00f wg/ml.
Eqpurare tome 3 mormsies

Thmes  Numo- 1 2 3 4
ber —_—
of Bebultr  Liberated cootractiog Histamine content  Mast-cell
ex Dule substance afier axpalment
perf. 0= {ln werms of kstamine) pearance
traction
oo O e MEIlp % of SDmrp Contal
of gy Bewslne  pgly elp
hin- conrent Kele
anoe) of the wrip
Dezn 9 0161003 <0007+ Q008 <Q4+02 102114 Q1314 —78:L66

Uierm 12 178303 0002 4+ 0006 93 +238 72414 73112 1AD L 26

(2) Another striling difference between fleum and uterus b endent from
the valoes for the comtracting substance released into the bath, This amount,
 term of histanmme, wag about 5 trmes higher in the uterus than in jleum, In 5
of the 9 cxpertm, with d iletm, no at all was observed

values for Lt Ing subs and are incloded in the mean value
for fleum 1n colurrm 2 of Table L This means that the troe values for deum are
7R Iower than 0 007 wg and 0.4 4 respectively

The contraction of the indicator segment began a few secoads after the omset
olthe Scarvrez Darx ction and rose slowly to s When, at the
ad of the 3-minute perfod, the bath was washed, the Indicatnr strip immediately
relaxed, although the 5D strip of ileum or uterus was still m contraction.

(3) Following contraction the total histamine content m the SD strips was
R0t agnificantly lower than that 1 the cantrol stnm. Asuming, however that
the Iiberated 1 was in fact hittamine, a q y %0 small
ould not be demonstrable by comparison of the histamine cantent of the strips,
wace the variation of these valoes b too wide.

(4) Yt is evadent that the varistion of the mastceil dismppearance values
wade. Although nexther value alone ngnificantly differs from zero the two values
iffer from each other (P = 0 01 —0 05)

A definite difference between the small intestine and th uterus m respect to
Rart<cel] reactivity a3 well as to hotamune liberaton o addiion of antigen
R niry was discovered carber (Bomérs and Craxsavaxrv 1960) when the
Riten concentration was | mgfml and the incubaten time 10 min. Stadres of
the magt.cell duappearance during the Somurtz Davx reaction were therefore
Cxtended,
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Tadle J1 Percextwal mastiell disappesrmncy v fieom md wierss o
soctizsd and we-arantized pxmes pgs following Schliz Dok coe-
Iraction. Exponet tome 30 weastss. P ralws frem setitesl om
partiom of sacliaoed and wem-seasitiond exmals

Semstbeed Now-
serwitbred
Fimal antigen comerntration
04 myfml 4 g
Tewrn 186 +47 180 282 -233122

=7 n~4 =1
P 003001 P Q08—08

Ueras 85 L7277 M8 247 —)16LSE
o6 Am6 a3
r 003001 P <600

In thu new serres of experim. (vithout iodi stnps) anapbylactic
contractions were prodoced with anngen in final concentranons of 0.4 asd 4
mg/m! during & 30-minate penod. In order to obwiate any porsible et of
the mucle contractron steelf npon the mast-cell population 3 senes of deel £d
utenne stnps from non-sensinred anmuals were suspended m the bath 18
adjacent sirp servimg #s & coutrol in the wsnal way After maxima] relarsood
of the stnp, antigen (which was shown to have no effect at all oa the oo
mmdrmpluntﬂunmuh!edmedhmhchm‘ddcdhuﬂﬂn
pruduccwumcdaucfthcmp.mhnmmcm}dlmthebuhforlﬂﬁ
aent length of tme to reproduce the andd of s Szt
conmacnon. (In-cvaﬂupmmcuu.dd.mdaaormmxmmwk
| admnistered, mmee h s uswally of ghocter dusation 132
anaphylactic contracnon.) The results of all these expeniocots sre
m Table 11 Mastcell deplenon following the Scrvrtz Dare reaction ¥5
found tn bath eurn and wierim, although rt was comparaurely gt T
\ﬂuawﬂthqhammzbchrgbadoud.mgmmmmm:dtw
m«ﬂmmduntb:dcum,wcdzﬁmbaqmwmhd:lthew
dose, The b produced of the sitized stripe grVe
must-cell reacvon.

Discussion

Scunp (1939 showed that different
antigen, released different amounts of brstamine, Utenn
aboat 20 vmes a3 much hstsmune a3 lleum, whach was very
A umilar docrepancy between uterus and jejunumn wes Sound
CraxmavAxTy (1960) They pownted out thar ineubatlon of

ih
u:wua,irbclmcubﬂtd\
for imstance, rekeaxd
rousant to antees-
b,noulu:nd

hmnm -
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follmed by the sppearance of very small amounts of hitamme, no  slow
ractmg substance (SRS, a Lipd soluble smooth muscle stinulating prin
ciplt) and no mast-cell disappesrance although the content of both hstarmne
lndnnnccﬂ!wuhlghlnmb‘nono(mu-us,andnodﬂhand,rmhtdm
F of h ine and SRS and in disappearance of mest
cells
A similar difference 13 now demonstrated during the Saortz DAvx reaction
depute the apparent similarity 1n onset, mtensity and duratron of the contrac
ton, Thut, moch higher amounts of stmooth-muscle contractmg substance was
lberated from wterus than from iloum. Moreover wath higher antgen doses the
m\:dm-c:ﬂ‘ p cc was more 1n uterus than m

Is liberation of contractmg agents fram tiwue cells exsential to the anaphylache
contracton ? Assuming that such Ubaraton o the doect cause (and not the
result) of the contrachon and that a part at least of the liberated substance n
hastamine, 1t may be awerted on the bash of the results, that the small amount
redased In feum i comp d by the high vity of the muscle cell to
thrs drug, and that the grester release In uterns corresponds to & Lesser sennnvity

Tho investrgation was not dengned to study the nature of the released agents.
The renults eannot scttle the question whetber histamme 1 of major Irypoctance
mIbeSmmanrucdon,ﬂn:cnathcrphxmncdoguﬂymdm

aof

dumd 1 uflhc § ) nor

relessed h 1 1 ipla can belp 1o extabluh the precoe
Umﬁ:nmbmd'zhucngcnuurcwpmrdmnid:mlbed-n:.&vcnhmhon.
bowever have alled cles 1n the }

theory of the Scurtz Dart reaction (Scmip 1935, 1939 Fruzxo 1941
Mavzz 1950 Hawxoo and Rosa 1836 Rrwse 1936 Dworerzry 1939) It
st be pointed out that the -rxummufm—ur-(ﬂmthem}cu(hkummc
I the reaction arc based upon the P that the
lftthcnm:whczhcrhmhtulﬂ:urmdmlbcﬁauearwbﬂb&hhlddai
o the bath solnnon.

Other agens which have been ascribed  role m the ScimueTz DALk reaction
are scetykholin  and serotonm (Naxawuma 1941 Daxtriororo o of 1948,
Goorx, Hir and Trosrsoy 1956) On the baws of experinents with vanous
%Gmmm(l%)mmmmnnmmm
agents, hova and aun, are fnvolved In the reacton.
chamvuupmhmm ha ¢ not suceeded in demonstratmy the relese of
wrotoam In the anaphylactic contrachon of gunea-pig smooth mmcke
(Fork and Gaxnsra 1958 Bon#ts and Wrsrramoru 1961) Though SRS could
mbedclcctud-ﬁamhmd'\hcnmﬂmmmwnhmnmmmh
Uon of uterus t occurred in nts closely cor: ing to those of
(Boafrs and Crasmaivaxry 1960) Q\unmnmwﬂulumofth:rdcof
3RS and of other agents s nlnu-k-t:pmblannnannnmbcmnmd
U—$13013 Actm phyrel. siand 1ol 82
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theymymmu.Foanmnc:,Bum:xu.mm(l%G)umﬁnCmmvuw
Hooseso and UvkAs (1959) showed that SRS scmtized hsolated guines-pey
Hlewm to histamne,
Itispom'bicthnzhc;mphyhcucmnuﬁonkxbcrmﬂtofnmhmﬂw
dwngmandnnﬁbodyinamthemmﬂcmﬂxmlﬁ?mb«dudmﬁmdlk
SmuLﬂDmmmonwﬂlmquimmamnudydthcmpcmcmmmd
the smooth-muscle cell itself Lasroran and Hastx (1839) have shown that, o
addhmno(mﬂgcn‘luomyuinﬁbcnfmmrmomhmmdcnfmmcdgmm

prgs exhibat gows to that o with the Scrovtz Date
seaction. Ther expenments on ths nerve free model of muscle™ Indreate that
Iib of \: from other cells (such as mast ccth) may

wibc:scnmlmthcmphyhcuccmm:ﬁmoﬁhennnmhmmdcaﬂ.
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Studies on the Peripheral Circulation
and Metabolism in Man

L Oxygen utiliation and lactate-pyravate formatioa fn the Jegy
at rest and during exercive fn heafthy mubfects

Py

Lany A. Carisoy anp Buxotr Praxow
Recerved 27 March 1581

Abstract

Canvsor, Lo A and B Prcwow Sodes e the perybaral corralation
wnd st tabsliomt w wan. [ Ox)pen wirkoatsm and Loctats -4 rmats formaiva
bhe leps wt cect amd dyvong exorise in heallhy sbpats Acta phymol scand.
1961 3L 32B—342 — Ancrial and ferporal venous otypen and
luctate-pyruvate was sindied  t rest, dunng and after feg exercie my
15 bealthy bumas maka, At rew m the suprme podbon the fernonl
veDoum o<ygen morauon was 3381 per cent. A few minotes afler
earting work, the Tnots cxygeo miturstion wes 22-—47 per cord and A
algght but steady decresse was obwerved 0o continued work. Five mdautey
after work, the vemous oxygen wturgticn war dgnifica tly higher
than ¢ rest bekwe wark The pH of the fermoral nows blood decressed
from mcan 74] to 7.23 gt maxpmal load The ‘enoen facial resc
dunog exeroase to 4 45—8 66 mM/hrer sd the  mousartenal Iactate
difference to mean 0.85 mMlivr t & heart aate of 160-~187/min 12,
After exercue the lactat  decroused succemn by 1 mon oo but
had cven 30 mm later oot reached the snunal fovd before work. The
enows pyrinate concentranon wis 0.09—0.13 mMeer at ret, aid
jerrased succemndly dunng axerce to 0 22035 M Tter at the
highent fomds. A further increase w manot was obtamed during the
first minutes after work The increswc in cxcem of amie = ab
culated Gom the bactatrpynn 1 rato, dunng exercoe W

parald 1o that m wotal Geuae mdicaung that dunng work the totad
uml:u.gmdbdmd;h-drqqummqrphuik
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timucs. Afier exerche, however thae was  discrep acy between the to-

more wowly in the older subjects than in the younger

Studwes on the metabolum of restng and exercmng banrcs are greatly
Bafiated by the supply of arterial as well a3 venous blood draning the tssue,
which permuts analyss of arterrovenon (AV) differences of the different meta

In man ths techmique has been succemfully used 1n studies of the
metabolism of heart muscle 1 e by Brvo and co-worken (for references, see
Boo t ¢f 1934) However for many reasons it has not boen applied to the
nme extent in studies on the metabollam of penpheral mucles. DOYALD o «f
(1957) studied the femomal enows oxygen saturation and AV oxygen difference
atrest and duning supine leg exerane. The AV ovygen difference was found o
merexse almost hnearly with mcreamng wock, and to be closely related to the
ardme output. The calculated blood flow through the exeranng leg increased
1hoat ten-fold with beavy work. Sunultancowsly the blood flow through
Tosung tisne was markedly reduced (Bawor o «f. 1957) In a previows study
(Caxtoon nd Prawow 1958) we were ahle to conflm the results of DoxaLo
@« (1957) The venows axygen mturation was, at the beginung of Light
xerene, reduced to between one-half and one-third of that at rest in the supic
Pouticn, whereas continuous work camsed only a shight further decrease.

xercue performed with onc leg only the cnom axygen aturation
detreased at a nmular rate n the resting leg as n the exeranng one.

The increase m blood Lactate concentration has been widely wsed as an index
o€ the degree { anacrohsc metabolim m exercising timoe (for references see
Howvomex and Stxou, 1959) During exhawtive work, = ten fold increase
m blood Lactate has been repeatedly observed (Assomx 1950 Asrrann 1952)
and in acute or chroaic hypona aither expenmentally induced ar 1 congental
Leart duseaze the blood lactate has been found to mcrease t a lower wocking
Iternty than othervase (Dot etef 1931 Loxpes nd Srox 1947) Determina-
ton of the AV lactate difference givey the most reliable information about the
sdequacy of the oxygen  pply to the working mmecla. This was evident from a
Peeliminary stody in which the AV axygen and lactate differences n exercuing
kg of patients w th mpared perpheral dreulation were compared to corre
panding valuey n healthy subjects (Carrsos and Pazxow 1939)

An sccumulanon of blood lactat o, bowover observed not only 1n mscular
work, but alw 10 conditvons where hypoxia i not present, for example aficr

tilayon and dmu Istrauon of glucose, epinephnn o pyruvate

{for references see Hoexasex 1938 1) Comsequently lactate alone n not a
definfte index of the adequacy of cellular axy In all the afc loncd
conditiom (except hypoxda) in which lactate accumulates, a nmulta cous
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smcrease takes place in pyruvate (Hocxasze 1938 a) With an jnadequate
oxygeasupply reomdation of the reduced diphoephopyridine nuclotde (DFVH)
to {u omzridized form {DPN) — necesmary for the carbohydrate breatdown to
fmmhghmdgyphuph:ﬂbondl—udﬂnncﬂcﬂbymdmﬂp}mﬂth
lactate. Hypoxia therefore results 1o an inereased formaton of frente from
Pyruvate (Aswummx 1930) As & measure of the degree of arygen deficency
Huckaner (1938 2) vsed the calcnlation of “excem of acate (XL) v ¢,
the lactare change exceeding that which 1 directly proportional to pyrmas
changes.

The resalts obtuned with the peripberal cathetert Rnique will be
described m a serres of papers. Our main purpose has been to study the degree
of cxygen utilration and the lactate pyruvate formation In the legs dumeg
exercue m the healthy rtate, as well a3 1n conditions charcterized by a Emue-
tron of the working capacity It was hoped that this technique would provide £
measure of the degree of nerobic and anacrolac work in the muscolar thre.
The present paper comrprises data from healthy subjects, [0 youmg and 5 obder
men, and forms the bads for compartson (n the pathologrc states preseted o
subsequent papers (Caxzson and Perxow to be publubed)

Case Matyrial
Tho case mascrial connstod of two groaps of healthy male vohateers, 16 aged 20—57
yean, a5d 3 aged 4856 yours. Al were clinlcally examined fox casdioveculsr asd
pulmonary function snd foumd o be bealthy
Methods

Thcmvuu;nlhnvnuniaﬂmm&mn(mb}wululh:mnb‘.mw
artery and fmoral yen were g d ly sad pobpribrionc cubaert
scried by & technique described earfier (Baawecs of ol 193] The femoral veet '.’
/ pametured about 2 em bekow the mgumal ligument, and the catberer merted bt
an dutally Some mmer b were the anly k

Exercise was perfarmed m & string position on & breydke engometer uduﬂﬂ'*"db"
of an uninteTupted serics of work loads, starting with 150300 kpen/mimme s
cresung every 5 o by 130—300 kpo/morute Tbcmtmpcrh-nxdwﬁh_;k
oaly the pedal being fitted with o spring, so make 115 retum pewbec. The soc-kg &
w1 chosen, race the subperts were alo Lsed Ay coatrols in enother scrkoe of Exprixet
hnmwmmdymmdchplmum&mmﬂdmﬁ‘m
of Seg (Cantsow and Prxsow 1o be published) The heart rate was calcalaied
ECC

Joos was 20-23° G, and Do arraageoest

The room iy dunog the 't

The blood wes drawn fnto 10-m! glam mages,
pactnih:pn’hdmhm.ADrmmxvﬂudm&rw
obtamed dusfog oxreise 0 die nrung pounon.
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‘f:alfrmu-l €nous aygen mturaton m % (upper diagram) and
i

The pH of whole blood at 37° C was meavared by glam clectrode and  potos>

alculawd
mm Hg (awer
m‘rj nmn):nlrh-zuno-lqmmn,md-mmmmpd:

ments, 1br reting valoe for blood pyruvate obtauned with tha method wes s
with chnt grven by the paper chromatography metbod of SeLssoe and Suaro (1

Ennhnbe-nxvununmobnmdmh&mmmmmwdaemw
determmation) eakuhited from duplicat determinatont

(standard avor of moglc
‘was 0.013 mAM/bter for Iactate, and 0.005 mM/Hter for pyrinate.
Results
Heart 1otz m reiation (s work loads
increase In heart 737

lnc\vyasc.lllnnrrtllumunudbctwtmlhe N
and the work load (Fig 1) mmxhcr-tc-tmt.nu.hcdiﬂ’mu;:lblh
and after work, did not differ mgruficantly in the older subfects

the younger onex.
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ey
- Pulsy rte
7w ™ oo -] m

Py 4 Arterial Locta o, atc and ~excem [ lactate (‘{L)h-.\ rest and doring
“’*‘mdm:mnvﬁmmty(pd: mﬂ:-nml

O0pex seturatiom of orterial and vewses boed

The cxygen sataration of arteral blood was 1z all cases 95—99 per cent at
rext, and unchanged duning and after work. At rest in the suptne position the
@rygen saturaton of the femoral venous blood was 33—81 per cent (mean 69)
Siving an AV oxygen difference of $3—85 mlfliter (mean 48) The vemouws
Cxygen maturation at rest was m good corrclation t the pulse rate (Fig 2)
Duning the fint load of excrcise & venom exygen samratlon of 22-—42 per cent
(mean 30) was obtmned t a heart mate of 68—102/min (mean 81) On
continued cxerase with succomsvely increanng loads, a further shght but
ueady decrease In venous axygen Eaturation occurred m every case, the lowest
¥alues ahways bemng recorded at the highest load, with munmal vatues of 13—34
PeT cent saturation (mean 21} st & heart rate of 159—187/mun (mean 169)
(Table I and Fig 3)
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nm rgr
— -3
L) » ™ Bo ™

-l
Fig 3 Femoral venous Ictate, pyruvet sod “ocoee of lactate (K1) la whiflier 8ot
and dhaing exercme, Syrabots o by Fig T e

Thtvmuncmmnmmtmdnpmvm«wﬁmm
ing those at rest before work Thus, the venous axvgen difference pu
LhempthWUOnSmlnlftcrlh:cndofwmnj“ogpdc:;‘ T
79) lhcvﬂuebungugmﬁundyhlghuthanbdatwwt()<u;[nﬂd”
miual level before exerene was regained about 13 mir after the end

There wats 1o differrnce between the two age groups with respeet 12
©F VEROUt OXYETD sAtuTation at rest, during or after work.

H 1ot
mpﬁdmrmuﬂmmblmddmuxddmm&ﬂ:w
rest to 724 &t maximal foad (mean valuey) The comespondf AR
arterfal blood were 743 and 737 Sgll 8 mmutes after woek, 156 P
arterial and venous blood was lower than before work
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Blood oxygen tenrion
Th:nxygmtcmmuo(malwdvmwmbbodmcﬂcuh(cdlnw
ﬁ'mntthbO,mde,mugthtdugnmdDm,Enwmdewmx
{1937} The resing vadue for artessal blood calculated on this bass was 85—
115 mm Hy (mean 96) Dunngﬁgh(mdmodcntumk,mdgmﬁmmchnug
in arenal pO was observed. At the end of wark, houever 2 slight detrease
mth:munvnlucmwmﬂgmobcrved,whchugmwlhnﬁmnb-
srvanons made with derect methods {Hotvores and LivpessroLs 1959)
'l‘hcrcsungv-lucforfmﬂ\mpo was 83-~47 mm Hg (mean 37} A
steady deacase in venow pO 10 20—25 mm Hy was found dunng the fira
two loads thereafter an exscntially stexdy level way maintamed dunng coo-
tinwed exercave (Table T} Five munutes sfter the end of work, the venows pQ
tad inereased 1o 83355 mm Hy {mean 47) The values for the mean capillary

pO during exerase, as caenlated from Bagenorr s (1934) formula

ven pO +£.‘..i’9£3_"?;£2 are ploteed in Fig 3

Arteal end acrams lactats conceniration

No ngnfh diff r could be d d at reat between the artera!
and femoral venous Iactic acid concentration, when cajeuiated on the ndrvidual
dsfferences (0 73—1.73 mAifuter mean 097 and 0 79--1.25 mMfhter mean
097 repectvely) Asseen o Fig 4 and 5 snd Table 1 & steady nse an both
arterial and venous lactate vas observed during the first Joads, with & mare
pronounced increase at the highest load &t whuch lactate concentrations of
485773 mAM/hter (mean 571) and 445866 mM/bter (mean 656}
respectrvely for arienal and fomoral venous blood were recorded. This artene-
venous lactate difference s sgmificant (p < 001)
} Five minutes after work the venous tactate concentration hed further o~
creased compared o the levels at the cad of work o 3 canses, was comyant 0 3
cases and had dightly decressed in furthier 4 cases (Fig 63 The anteral laente
generally decreased more rapsdly than the venous luctate. Frve minuic after
work, the mean arteral and venows lactate concentraton was 4 Bt and 629
mMfhter Tapectively and afier 15 mun 2,60 and 3 75 mM bter rerpectvely
Thtse differences are hughly ugmificant (p < 0001} There was n refaton
fetween the lactate concentration at masumal exercue and that 5 rno afer
work # sucress ¢ decroase n lactate was observed in cases wath both tugh and
law concentraton at the ond of work (Fig 6)

Arterial oxd rowess prravets coxceniraim
acid concentration at ret was 0 06—0.1% m>Mihier (mesn 018 w
artenal blood, and 0 090 15 m\/liter (mean 0 12) 10 femoral \momb«‘ot!:
and no ngmbicant AV dx‘frcrmctmﬁmnd.ﬂunngmlmcw:'m
increase was obsenved in both arterial #nd ‘enous Wood, with & mauma!
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T
t\*'::;. T

—t
‘,_.a-u_m-_u_._—-v-q
) 4 »
r-arer vt
Hm&rcmmlmmwmmm\n. manmal work performed (tiae 0) and
cuereme Symbob o m Fig. |

of 033 mM/liter in venous blood t 900 kpm/minute, At the highest loads,
l.bemnnncn.lllnd enows pyTuvAt concentrations were 0.25 and 031
mM/liter resp the being sigmufy (# < 001) When work
Itawcd‘:hcumm.ndvcnampyml increased further wath & maximnm
reached 5 run after comaton of work at which moment  mean venows pyravate
af 0 45 m){ Liter was obrtained. It then decreased succenrvely and 30 mum after
work had fallen to bout the same kevel a3 at the end of work (Fig 6) Dunn(
the first 31 pan after the end of work the AV diffe m pyruvate o

was ngruficant (p < 001)
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Blsed lectate-prrarats ratrs.
Emdhmt:(ﬂ)malmhmdamdmgmzh:h’muh.n-u—
Ly—( —P_)(.:;_) where L and P are the resting values for hemate and

pynuvate, and L and P the corresponding values at the different work loads
(Hocxaser 1958 a) Dunng exereise, venow as well a1 systemic WL eoncentra-
twn closely followed thoe of the lactate, wath the muoummal fncrease at the
highest loads (Fig 4 and 5 and Table I) After wark, the XL rapedly decressed
m all but one case (Fig 6)

In the present seres mo ngnificant diffvence was present between the two
age groups with respect o the lactate and pyruvate concentration at rest o
dunng work. After work, however the [actate concentration decressed mace
slowly m the older subjects than i the younger (Fig 6) whereas interesungly
enough no such trend was observed for the XL

Dscusean

With the techmque wed 10 thn study st was ponible to follow the oxygen
utilization and the production of lactate and pyruvate dunng exerase, As
pomted out m a previcns paper (Canisox and Pxawow 1959) 1t 13 probable —
m view of the postion of the venous catheter — thmt the greater part of the
hlood collected ormpmated from muscle, at any rate durmg work, All dana
obtamed durmg work have been plotted against the relauve workmg wtenuty
a3 cxpresed a3 the roe m pulse rate dunng exerase, Thes scoms 10 be most
adeguate, nnce differences m phyneal worlong eapaaty ean hereby be langely
clinnnated. The fact has xoost clearly been demonsiated by Hovwoarx and
M(I%Q)Thylhawcdmnpaucuumthbun(ﬂmhdlhxgbahlwd
tactate concentraton than bealthy sabjects when correlated to the abwlue
work (work laad) whereas no difference was obtaned when the lactate con-
crommation was eocrelated to the relative work mtennty (heart rate) In the
present senes, no sgnificant difference was observed between subjects of vanous
age wvath respect to the nse m heart rate dunng work (Fig 1)

The femoral venous axygen ataraton at rest ranged froem 13 (o 81 per centy
and was i finear relanon to the heart rate (Fig 2) with the highest satoratron af
mzhgmhunnm&mmmmupmmmkg:duwtb;zm::
at rest, the AV oxygen difference o iversdly correlated 10 e
dhe muscles,

|hrmghdiﬁ'u:musuu,rllhalhlnbc‘hs'“"’“”"‘"“}”u’mbor’cmlf

(Parrsxeznee 1941)
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AY XL ditt
o MMt
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Fg. 7 Dferewce between
oacrm of Lactate™ (XL) bn
feraoral venows and arterial 0.2,
boad, xt o aad during
eacrcie, correlated K mewn
o PO Bymbok = "
Fy.
L] £ 50 4S8 ren Hg
M ceppO;

the first rmnates of the ininel load, the venows oxygen satura

Goomayno 1935) In two healthy subjeets (not included m this sene) two leg
exercises were performed in the r b poutron, An diate fall in
VeDous gxygen saturaton was observed durmy work. The changes in
the cxygen and lactate concrntration w the blood were similar to those in
stng exerase, when correlated to the incresse in heart rate. As sthown in &
Preaows papar (Carusox and Prasow 1939) s smultapeous decremse wn
YEROUw oxygen saturaton was also obeerved m restng theues during one leg
Sxerebse. It war supposed that thn dearesse, which was of about th same
magnitude a3 10 th excrcising tiwue, reflected a decrease in blood flow through
Tertng tiwues during exercoe.
It is joterasting to note that the axygen utilization was almost sinular at
different working intenmties. Even during hesvy work (beart rate up to 187/
minute) the blood leanng the extrciting leg was maturated 1o 21 per cen
(mean value) It is not known whether more complete utiliaton takes pl
duning maxrmal work. The fact that the femoral enows blood contat
sderable oxygen even on heavy work might be due atber to the ~
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th:taccﬁxlnlmmmufbiaxiuniﬂﬁmngdrmghmn.mmlum
or to wncomplete axygen uptake from muscular blood, As will be shown in the
follawing paper in ths smes (Carusox and Pravow fn press) peactically
complete axygen uﬁ!;nuanmnymdmugwwkundummmndnﬂom.
L a, in patents with nnpamed periphenal artulation, Fig, 7 shows that,
dcspucth:ﬁhlyhxghoxygmtmmnnflhtb)oodmhmyuwk,lbcnunhr
mpnutyhmoanplcmuumdm&ﬁ'omth:npidtuminmfmdm

The values obtamed for arterial blood lactate were of the same order of
magmmd.cuﬂ:mrpﬂscntcdmhcrmthlhenmc-mlydﬁmmhnd(Gom
nari 1948) whereas even lower values have been reparted by others (for
references sec Hucxaner 1938 a) The values obtamed for artenal pyruvate
are also 1n agreement with earlier reports (Gorpmira 1948 and othen) Ao
gnifl duffe was obtained at rest between the arterial and venow
lactate concentranon, Thu also applied to arterial and mixed venous blood
(Howwonen 1959) whereas significantly higher values were obnerved in venon
muscular blood of the forearm than in artenal mmples (Anores, Capxz and
Zymier 1956) No pgnificant difference was found between young and old
subjects with regard to arterml or venows lactate concentration at fest or
during cxerase, whnch conform with earbier observanony (Horworex and
STxtu 1959) In larger senies, however a hugher artenal lactate concentration
m relaton to heart rare during work hay been observed m older healthy sub-
Jjects than 10 younger opss (Astranp 1960} Obviowdy the sumdanty b rate
of lactate accmulation, ay well as of oxygen conmmmpton and AV oxygen
differcnee at different ages found 1n thn study might indscate & samilar incresse
1n reglonal blood flow during exerase. A comparaide blood flow trough the
calf at rest and immediately after work has, in fact, been found m young and
older healthy subjects wth the plethysmographue techmque (Arcwoon 1958)

After work, the lactate concentration decreased more tlowly 1n the older
subjects than 1n the younger (Fig 5) Thu fact cannot, however be taken #5
proof of prolonged tsue hypona snce the same difference between the Mo
lgcgmp!mohsavrd\nmrupccztopymlcmﬁﬂmnﬁcmrma
work was the sume m the older subjects a3 1n the younger ona (Fig 6)

As mentioned in the introduction, the hactate alene 1 not a definste Indes of
the adequacy of ccllular axyg nnce an moreasc 1o lactate fs alo ob-
served on other occasians where the axygen supply of the tusses o not
Tbcomctmddcgrccof.mmbncnmimbmnudmdbyﬂﬂufw

esumaton of la d pynrac acd coocentrations in the Liood (Huemasex
"6 g ok, raused tn the arteral blood,

1958 8, b) Durng v ork, lactate alone 1 markedly -
whereas pyruvate s ouly tightly (Ansteex 1950 Hucaanse 1958 b) which
23 shown 1o thy stody — also appliss 1o venous
Comequently the curves for total lacuate ard excess
panallel (Fig 4 and 5 Dunng work, blood lactate demrmuammaﬂl’\ﬂ'::
fore pormally bcrtgardcdulxpcnﬁ:luxufdmtﬁ?cuﬂyo(uxmmw’
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o the e, Thes ls not, however the case after work. As ween from Fig 6,
the venoms blood lactate either further rose, was unchanged or fell slowly 5
=m afier the end of exeranse, This observation must not be taken as an fndication
of-mhngcdmt:o[unuchypunn,luufmmddunhnpyrmtemncmm
baon nereased diately after work, and that the hctate-
Wmimnﬂothﬂeﬁr:np:d]ydcuwcd,“hmhhmmfmmqmzhwﬁa
obecrvatiom on arterial blood (Aurumor 1950 Heaxanxe 1958 b)

This wark bt been mupporsed by gram from the Swadish Mediaal Rescarch Coaoeil.
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Further Studies on the Effect of Catechol on the
Isolated Guinea Pig Ilenm
By

N O SjosTraxD
Reuched 30 March 1961

Abstract
Sileraaxy N O Farthr sudus an the ofoct [ colechol ax e iwleind

in doscs of 0.1—2 g 2dded 10 the fleom in 2 15 m!
bath umally wdoced & contraction of the strip. Atropine and pars-
lyzing doscs of cocame and i

stimlates the gut through the medanon of scctylcholine and stimula-
ton of the mtranural gengha.

Catechal has been found a3 a natural constituent of homan wrme (Freex
1953 Eurra and Lonajxo 1959) and may therefore occur m some troues and
et Jocal physiclogical actsons. T tho rapect the findings of Bacg (1936)

catechal exerts a semitmng action on the effect of adrenatme, probably
dow to mhitxtlon of the eatechol o-methyltramderuse (Bacg #f of. 1959) are of
great mterest,

In & previows report the effect of catechol oo the bolated guines-peg denm
Rt been studied (Sjostmans 1960} It was found to wduce contraction of the
Oeum, when doses of 0.5—5 mg/153 ml were used and to cause relaxation of the
©np when bigger doses were wsed. Stimulation of plam muscls d 1o catechol
has earirer been described by Barazx and Darx (1910—11) who sugwested &
direct effect on the amooth muscke flbees. Since  the previows report the cate
chol Induced contraction was  bolshed by tropine and by paralyung doss
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mconne, the coneluson was drawn that catechol exerts sts stmvlatoy roper?
cmdxcxsc»l.llzdgruu:tzapngﬂt:nmtl:n'tmghthcx::x:dmm:mcl'lﬁﬂﬁd"‘ﬁ"“ﬂl
somulanon of the intestinal ganglia. The prescot stody was undertaken m 02
to obtan further mformation on the above mentioned effect and to £
whether catechol could modify the actons of adrenline and norsdromis @
the gumea pig Jeum.

Materials and metbods

Yowng gumea-ps werghmg 150—1,0 g were kiliod by
of sbout 2 cm was taken fram the cauxdal part of the deom
bath contamng Tyrod soluton acrated with cxygpen and bept at 3
thans were revorded with a finear frontal wrtong bever i
mdmwdummidﬂmemca_m_mnwﬂmg;ﬂw
chloride 10—100 rg per ml, 2-brom-hyseric s dliethy amsde (BOL) 30—
ml, eatechol 1—10 g per ml, cocatne bydrochlorsde 10 mg per ol P
1—10 g per ml, hutarnine dibydrochlorrde 01~10 ¥ P nl“#‘”
W&l—lmcpﬂmLmdmlummw;o~lw‘-(yd e
beprzmme {Lergiem) @ 1—1 mg mzdnaumbenﬂphn'l—ﬂﬂP“

substance P 10 muus per ml -
When the foet of eatecbol oo the action of adrensbac 4 O L

blrw cn e bad Am?
..ndﬁ:cdbll-"m]‘""
. The coot
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Awool C=03mg
“‘tdﬂ.g—ogl hmamme, P =
83 wxity sabwtamee P 5 = 0.5 g wcro-
omin,

A before BOL

B 10 g BOL in the bath.

Results

Catechol 1n doscs of 0.1—2 mg sdded to the 13 ml organ bath usaally induced
lmmquguLTbemmuloudlmdﬂwtdndxyphﬂm,whhh
w,mldbc-vddcdlnh:lnmhumnﬂmndmmfornbomSnﬂn
between each catechol induced contraction. In same cases the earlier described

S 1960) was scen.

i J“'(lo(_’_.,o rgjml) Iabibited the contraction dee to catechol

the contractsons due to nicotme (5—20;;)-ndycro¢ouin(&05~’b



Fig 3. Laokated Feum bath volme 15 ml
At x addion of 0.0]1 g acenychulme. § mmrates between each cnatractcn.
A before adremaline and catechd,

B. 20 px catechol m the bath § smmuse brfors contracting.
C. | ug adrenaling | mmerte befare contracuon.

D 1 g adrerabne and 20 my catechal | maveie befort conmacton.
E- after adremlne and

the effects of Instammne, acetyichaline and satstance P rematned unahered o
were augmented (Fig 1)

Hexamethonium (5—200 gx ml; obliterated the effect of catecho! and that
of mconne. The effects of substance P mlmmme-mm:
affected or mcreased afier addition of hexamethonium. The effect of acch
choline was increased, unchanged or red ced Fig 2

BOL m doses {5—50 gg) suffiaent 10 greatly reduce the actmn of sero-
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tonin (0 1—5 ug) had no effect on contractons caused by catechol acetyl-

cholme, and sututance P (Fig 3)

Phenbenzamine (Lenptin) in doses of 1 1o 10 yg which depresed the effect
of bntamine (001—1 pg) while leaving those of acetylcholine and abstance
P unimpaired, had no effect on contractions duc to catechol (Fig 4)

Catechol in a non-sumulating dose (10—30 sx) added together wath a
depresung dose of adrenaline or noradrenalm (15 #g) reduced the inhibiting
cton of adrenaline and noradrenaline upon contractions caused by acetyk
choline, histarine and substance P (Fig 5) When catechol was 2dded to the
bath together wath adrenaline or noradrenaline there was seen an
mcrease in the basal tone of the stnp.

Discussion

It has been shown In the present study that the strmulatmg action of catechol
on the nolated guinea-peg lleum can be abolubed by cocame and heame
thomum bat not by BOL or phenbenzamme (Lergiting

From the previoss cxpermments (Sjostraxp 1960) it was suggested that
catechol does not exert a direct tonuc effect on the smooth muscle fibres as
nmred by Bamozr and Darx (1910—11) but stimulates the gut through
Liberation of acetylchol diated by the | ganglu, since the effect
® abolithed by atropme and paralysing doses of nicotine. Although atropine
may be regarded as an almost specific parasympaticolyti drog and the wed
doses of nucotme probably merely acted on the intestinal gangla, snce they
bardly did affect histamme indnced contractioms (which often are reduced by
ren moderate paratysng doso of motne) the prenmed ganghorc ste of
2cton of eatechol ought 1o be confirmed by other paralysmg drug.

Cocaine n the used concentrations 13 believed to act only on the navoas
tementy of an bolated ntesune, especially on the postganylionlc nerves. The
fact that cocamn inhilnts the effect of catcchol as well as the effeet of nicotme,
which according to our present kmowledge stuzralates the ganglia of the gut,
Indscates & peural ongin of the eatechol induced contraction. The findings that
cocaine intib 3 the effect of serotorun on the guinea-mg ileum agree wth
Prevons expenence (Rocma £ Suva, VALLx and Praarxier 1953 Gapoow
and Prcanrr111957) Hommetbomuum o regarded ay a highly specific ganglionse
blocking substance it oblhiteraton of the contractions camsed by catechol and
mcotine forrms a rather coovincng support of the idea, that eatechol, Hke
Ricotme gpumulates the intrammmral ganglia The inbiting effect of hexa
methonum on  cetylcholine produced con 10 some pr may
bectphmtdbymm‘xinﬂ)mmiptmmuhbunofgqﬁmcdh
partly contnbuted to the contraction due to acetyicholine, 1n agrecment w-

the findings of Feldirg (1931)
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It weems unlikedy that eatechod releases other smooth muscle stanala
mhmznmthanmichoﬂncmmcmnxhnmmmqnamu?

substance P The effect of b 1 00t mhibrted by atropme or by modh
coneentmrations of cocaine or b h but s rather { more
over the specific b tagonut phenbonzamine left the eatechol mduced

ed. The induoced are not affrcted

bybmmcdmm;,bmbyBOL,apommumnmngmm(Soum
PAcE and Savwomaom 1956) which i the present study bad o effect on the
cwmcimmmjb)utccbaLTbetamafmbtumPkmuugmncd

by p cocane, m, or arcotine. It might be of wterest to
compare the effect of catechal on the gut with 6 eflect o the cardrovascular
system, where 1t cxerts a card fant acvon of sympathets angin oo the

mtact amma), whilst the effect on the solated heart 13 depremon (Warroe
o &, 1953 Gatoota and Wavtox 1960)

In view of the findings of Bacy (1936) that catechol senutues perpbreral
organs to the effect of adrenaline, probahly because it inhiluts the catechol o
methyltranderase (Bacp o &l 1939) 1he g scen in 1hm i 3
13 rather prmzling The effert of adremaline and noradrenalioe oa the termunal
part of the gmnes-pug Beum 1, honever not purely depresant thu w pre
paratons muntuned m a state of towe contracuon by hsamine, Moas
(1953) found that snall doces of adrenaline mdoced relaxation of the sp,
while large dme cavsed a motor rospomse. It maght be pomible to expluz
the present results by amummg that carechol thromgh wmbibsung the inactvaton
of adrepaline and noradrenafine causes a larger but len mhitaung copeentra-
ton of the catechol ammes i the misstmal tosue. Infavour of soch a view speaks
the wncrease 1o basal tone of the strip sometmey seen. Ancther poribie explasi-
ton 15 chat catechol inhibits the action of adrenalme and poradrenaline through
competstion with perspheral reveptors as found for sympathonumetx amuocs
on the mabint missune (Asteow 1949

POL was kly prut a1 sy dispoml by Saxvoa A, G asd phenbesramme (Lergrma by &0
A B Reep.

Thn iovetgation was sopported by grt to profwer U § 0 Ecuin free the Thro?
d Juban Andermon mernorrs! faed.
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Influence of Various Factors on Urine Oxygen Tension
in the Dog

By

Kwut Auxiaxn and Joux Kxog
Recehed 17 Aprdl 1961

Abstract
Avxramp, K. and J Kroo. Inbesa of criew facws o oniwe expyprs
Gwcrion su U deg Acta phyvol scand. 1961 52. 156—365 — Urnme pO,
(U pO ) was recorded polarographiailly for 2-—4 hoars in 17 expen-

flow Siogle dosas of adrenafine and por-edrenalme 1

whilit L-pOy was lowered {  several mona Oxypen breathung
produced a marked riwe m V pO; whilst L-pO mcroaacd aighly or re
mained unchanged. It is srgyested that L pO m detcrmined by pO, =
the rena) papillz through cquilibraton acrom the walh of the collecong
ducts, The main drtaminents are sggested to be | the rate of medul-
ary blood flow 2 medullary axygen connanpoos, powibly dependent
on the Joad of sodium to the mednlla. Plasna skemmemg and coonter
current diffuson of O in the medulla i discomed  The Grdings xre
with a5 rodepend x of cortecal and medullary
blood flow
hhubcmdummtntcdbyxvuﬂmmnmanbcwﬂf“‘m
(pog)durmcuﬁrlmﬂnnlhtmﬂlmdm‘ » 1958
(Sannx 1937 Hoxo and Rawx 1957 Rex~te, Regves and Parremnir

[Feld
The explanation of thus finding s not clear Lowerang of unine pO z’r;scdl’
mbmrmmmmleoremurcmtntunbtamcdwnm

850
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the came by Rewxix of af. (1938) The same investigators showed also that at
low urine flow & high degree of equilibratron with respect to O may be reached
betw cen unine flowing through the ureter and venow blood In the ureteral wall
They found, however that the error mtroduced by gascous exchange in the
urmary tract was small when unne flow was higher than 5 mlfmin, and dem-
onstrated chearly that the pO of urine leaving the kidney Is low (6—60 mm
Hg, mean 28 mm)

In anesthetized dogs Revcur, of #, (1938) frequently observed spontancous
vamnons of unne pO,, sometrmes as thythoucal vanaoons. These spoatancous
varhanons could pot be correlated to changes 1o blood presure or renal venoas
PO and it was therefare suggested that urine axygen tenslon 1 dependent
upon a labile h goveruog | distributon of blood flow”
It was therefore of wnterest to find out bow unne pO s influcnced by vaso-
actrve substances. Furthermore, ponlble correlatioms between wme pO,,
wrierm] blood pressure, total renal blood flow and renal venoms pO  was in-

Mathods

I all 17 axpriments were performed m 15 healthy mongrd dop of athar ox,
weighing from 15—25 ky Ancrberls was induced by Nembuthaleodumn, 28 mg/ks
body weght, Smaller dows of Nembuthal4odnmm were addad througbout the exper-
ment for matn of bght h The first cxper, revealed, however that

Other end coanected to the axygen chamber A parmanent

wm introdaced 1mto the bisdder to prevent scoumulaton of nrine from the other
tadney

Urme O

of dead rpace for comtim ding The
waa therefore selected as the most sutable for the problers t be mvestigated.
The axygen tenpon was messured by means of  polarographic dectrode smmlar
mounted in
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VWathin the flow range of 213 mifmm employed the error satroduced by Bow sssorr
was len than 5 . The “rest current™ of 1he instrument durmg prsage of oo
equifitrated tafine vm only Z—4 , of the curyent regutrated when areated nlw
{21 O,) v fowing past the dectrode. The sahillity of the stem was b,
Coatinoows roading of uroe pO- was obtained for 24 bours fn esch of 17 axporeens,
wth bess than 10 ¢, driftmy o the course of sy expamment,

Reaal cemnt 0

In 3 experfments the caygen tenmon of venows blood wan recorded coomomoat 4
xmitar electrode wounted oo & besrt catheter (Kana and Joanxrs 195 e s
fnto the reml vem through a fugoler vein As the postion of the decrade veba £
femen coukd ot be comtralied, arufscts produced fy bluntimy wpi the oo v
could pot entirely be sveaded. For the same reson the calibranon wis bl B
exact than for the orme electrode.

Renal bood fox
In 5 expermnents renal blood flow was measared b!“"hm:

controoudy
square ware Aawmeter The peobe was spplied directly on the bolxeal 7298 Y
hmﬁmnﬁmrmlﬂmhmmdhdzu;‘m
pars-stmmo bippeme acd mm)hmus_mmmbzp
determmation wes draws m the middle of each ciearsnce peood. Lrox
PAH v deterranad by the method of Seos o1 of. (1HS)

Artenel precoere 3
Ah:thlmmamuh@ﬂh:pﬂyuhyben&ﬂ‘mmﬂwy

cxpermments PAH was added 10 the infumon in amoms t
cmtmrlnmmzhrqmbdutmbjandﬂml’lwm‘-ﬂ::. i
war @ven by dnp 1 2 rate sdjonrd sccording  wode ol
e @it and waler lowm Usme flow \-ﬂm\!ﬂwﬁd’
chamber by mears of graded vahe

Adrzedstritum of dregs e rend €7
hmmuwwkdumd‘dnpmmfwdwﬂ:‘ﬂ hﬂ‘:;
mh-ﬂﬂnpnhvm\lmwhﬂnmndmdﬂﬂ*u“’ﬂﬂdayﬂ“‘ﬂ:‘,
drap were mfiscd 1o & brachial vem exsmslitd =0y
ity Conttious nifimons were provided by an electns fafisa?
fiver 025, 08 or | 3l min. Py
spocrored by Kogsr Denmard Amoctatzs, WmsonsSake - € &
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embuthal Ly B0mg

T ) Effect of Nembuchal | on uriac ply Dog & 23 kg Mapmitol dsoreds, 12 mlfmin.

Results
Coutral neluer and spomiaseves varsatuas ix srome pO

Dunng resprration of alr uring pO varied between 8 and 30 mm Hg. This
“’Runuingmnotuu.lyducm dresdual = {t var dt
Sbeerved that & high urine pO at the smrt of the recording mught change to
I Levels 1o the commse of the experiment. Alteration in the opponte direction
212k setn several timer Spontancous increase of unine pO by 3—15 mm He
o a perrod of 2—5 mun app d 1n several exper at times more or
Jem regularly with an interval of 5—10 min. These varations could not be
Sxrtlated to changes in artenal pressure, total renal hlood flow renal venow
Por“l‘rcfpunuon.

Changey 1n ynine fow wathin the Lt studied (2—15 mlfmin) seemed pot
minﬁummpo in any comistent manner Neither was any cooistent
difference fornd between mannital dinresh, hypertonic salt diuredds oc water
doarems. However our experience with the latter two types of diuresds is limited
19 two expenments.

High spontancoms urine pQO  was often amociated with low arterial premure
(®xan premure below 100 mm Hg) while low wrine pO was most often re
mﬂcddurlnghjghblmdpn:-umﬂm exceptions to this rule were
Served rather frequenty

Bfct of encstheria

When anesthens berame nnmﬂiﬁ:‘ s Indicated by shivening nuwcinents
o the limin and wregular increase of arterial presure, urine pO (et 1o
decrense. Maintenancs doses of “embuthalsodiom, 3—5 mgfkg In y veelght
then generally produced a transitory neremse of unne pOy. Tle tr) u o was
Focrally low than that thown m Fig 1 However in some experiments #
Watmuned Increased leved of unoe PO Wi obarrved afier a4 wiple dose of
Nembushal,
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30
Urine POz 2"! ___,_.,.,w\__._,_/\—

mm Hy 10,
0

120
fenal vain pOy 90
mm Hg 50

30!

mm Hg '

Hypertoms wfanons mannitod, 1
Fapd intravenous infunon of mylm:‘:n;bo?zjﬁi’o gl a‘:::
"“"”’"’"‘;'3";‘.@ than 1 mdm‘hﬂgm“"'
dwmrms'wmwh“”m“b:
Senod of less than one uaute (Fig 2)
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i
R
3285

of udne pO,, axygen breathmy produced & moderat incresse of unne pO
starting after approxamately | min and reachmg manmal value m 4—6 min.
In several experl however m urmme pO  were
hrgtrlhanthcxpmduccdbychlngmgbctmnuklnduxygmrﬂﬁrnm

Effuct of adrenaling and nar-sdrenelon

A single L v myection of 10—50 g drenalme oc por adrenalme produced
luvnrhbly(wn:ucczkmlm7dlﬂ'a-mtdop)-mnumtmamed’m—lnep0.,
warting 1—2 mm afier the weas observed after 2—6 mn,
and preaniection kevel was reached agam after 3—10 min (Fig 3 4 7) In
several nstances & ilight decresse 1n urine pO of lem than | mun duration
preceded the increase. Renal blood flow fcll by 25—75 ¢, followang the nrection
and then returned to normal o shightly suparnormal valves after 1—2 mn. The
oxygen teom 1 of renal venows blood shom ed either no change at all or a small
decrease of less than | minduration. Un  flow decressed markedly mymediately
follwing the 1ny and then d to pre-inj values or womewhat
higher w thin 1—2 min. The icreasc in urdne pO  mught thus wubmst for
scveral munutes after normalizaton of total renal blood flow renal vein pO
and unine flow
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Inection of adrevaline or nor-adrenaline direcdly into the reml srtery b
#0 small doses that almost no aystermic effects could be observed, gave prierpally
the rame respome of unne pO  as desaribed above for . v admmtrasea. It
was thus shown that the effect of these substances was direct on the kidety 20d
pot mediated via reflexes o produced by alteratons m arterl presat.

Continuouws 3. v mﬁmmmd-drcmﬁneomm-adrmnhnep\trn'rmlmd"
When unne pO was low doss of 530 pgfmmn prodoced an fmepesr &
crease of wrme pO, When infused at ligher kevel, however both s
tended 1o camse a decrease of unne pO,. At intermedsate Jevels the respott
yras qmute anpredictable and could not be related to nfuwon rate.

Contmuous mfimon of dilute solutions of adrenaline or nor-sdresaliee =9
the remal artery tended to depress urime pO,. However also by the sode of
a the respanse was vanable. The imtraartermal mnfison abo redwerd
urne flow renal blood flow and rensl venows pO,-

No princpal difference between the renal effect of sdremfme £d 5

adrenaline were

Efnct of Repriee? it
In 3 expenments Regiim was injected 5. v 10 doses producing ooly
reduction of arterial blood pressure (10—25 mm Hg) A marked, sl
wncrease of unine pO mobuwdmnﬂapammufoﬂmﬂnx‘b‘w;;
nmumechpmwhﬂcrmlh}mdﬁwdidnolM‘PFx;m
(Fig 5) Rewal venows pO uum!mumﬂdmeﬂcﬂP“M“Mb

redoced the effect of adrenalne and nor-adrenaline oo wrine pOy £

£z. 5.
Effect of peparerme b
A sungle b v lﬂ}m’md%mgp;xmmcpudncﬁmﬂﬂ*z’(’p
thmﬁmldoga)lmmtmwca(mponh’mm
7mun.mmlbﬂﬂ!ce\tnwbmd:dmcmploﬂdm
Regrun “Cita. MTDM—WMMM“
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Produce  ppreciable altcration 1n mean artenal presure, total remal blood
ﬂ“"m‘m.lvuwmpo,

Continnous 1. v infuuon of papaverine at a rate of 2—12 mgfmm during 3
Peniods of 23 to 35 min duration 1n two dogy, raised urine pO  to high leveh
(#0—35 mom Hy) The respocse was clearty related to the Infusion rate (Fig 6)

Efect of bnstewane

Rapad, singlo oy of ki i v produced regularly (8 injections
i 6 dogs) & marked increase of urinc pO,, starting within /—1I mun after the
infection. Maxmal values were reached after 2-—5 mm and pre-injection level
w1 reached after 5—10 min. When dotes of 200 ag tmtamine were used, mean
arterial presare and renal blood flow fell to varying extent for 1—2 m,
while renal venoin pO decressed by 10—20 mm Hy for an even sharter period
of tme (Fig 4 7) With emaller doses, however these parameters remained
peactically umaltered, while urine pO  increased ngmficantly

By continuous L v infunon of hotarmne t was pomible to maintain urme
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fall of arterial blood premure and sometimes also
flow was observed duning the infunon. By infiniop
the renal srtery at a rate of 1.5—10 pgfmun it was

jncrease of unne pO  could be obuined independently of changes i

remat
from

domvcofrcmluood
:rhuumlncdﬂm’l;":
shown, however Uttt

arteral

Fig 8
me.nc.rmlhhodﬂ.ow;ndrcm]vmmupo('l ) 1 be the mast

Ameng the drigs tned 1o this study Ihumine was fourd
. . ) incremse In unine pO»

reGable agent to In tate and majntain an
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Discussion

mwmmmpmnofdnudmyblwcumpandwmhthrp-mt
of oxygen made avallable by the high mte of blood flow to this organ. The
axygen tembon of renal venous blood 18 therefore hugh, genenally in the range
o 6070 mm Hyg The sbundance of caplllanes in the renal cortex should
prohitat any great oxygen tenwon gradeent from capillanes to renal tmue,
and ft would therefore be expected that the axygen tennon in eorieal fnterstitial
water should be nearly as hugh #3 1n renal venous blood. Furthermare, it has
been calealated from Krogh-Hills diffurdoa cquaton that the pO  gracient
acrom the tubular wall should be lew then 2 mm Hg (Rexxm o ol 1958)
U the urine pO fs determined In the convoluted tubules utuated 1n the renal
cortex 1t would therdfore be amumed to have valucs apprommately as high
% renal venons blood. In agreement wath earlier revalty, the present experi-
ments have shown that thes s not the case. It was found that unne pO is ahways
k"ﬂdnnrmllmpohmdﬁxrﬂﬂmlhltmcpo can be varied
quite mdependently of renal venrowm pO, These scemungly contradictory
Fatements therefore demand an explanation.

It mughe be suggerted that a large proportion of the remal blood flow is
Ununted through arterio-venous ansstomoses, thereby providing only small
*mounty of axygen to the renal tubules, smultancously producing a high oxygen
content of renal enous blood. While this hypothens tught explatn some of the

regarding urine oxygen tendon, t 15 Incompauble with the gh
xtraction rauo of substances like dsodrast or PAH, =3 stremod by Surrm (1931)
It should also be pointed out that a-v shonts have never been anatomically
demonytrated m the kndney in spate of careful search (TRUETA of ol 1947 vox
Ktoriorx o o. 1959)

Mmmmmmwmmui(lamw
that th low urine pO s due to plasma sh P
Mmmwwmmwmummmmwm
ton (Parrexrxoer and Koeren 1956) Asuming that the degree of tammmg
conld be eshmated by the PAH extraction ratio, Ruore #f of. (1938) found
that urne pO  vaned inversely with the degree of plavma akimming The same
lmhtrllhoprtscnlcdmmm!ﬂeﬂdmcehlhow!hntlbelwmpo
€an not be expluned by a failure of equilibration acrom the tubular wall.
Ttsboold be pannted out, however that a fallare of eguililranon would probably
not cagie a low unnc pO, became t must be amwumed that the pO of the
gomerular flgate = nearly a3 high s in arterial blood ( bout 100 mm Hg
during air breathing) Oxygen must thadfore diffuse out from the tobular
lumen to an area wath cven lower pO  than that of pelvic urine,

As an altermative explanabon RExon o of (1938) mentioned that the urine
PO m.lgh:bedczamntdlnthemumgdml?ynl}ﬁ laborat calculs
tom based on several ssmptions twas found, howertr that the urine
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mmkuxmmtbccquﬂi}ntedmzhn-ucmppﬂcdwzhbwbm-wt
bbud.Thzymggmcdthu-d’mczhnammmlngprmmiahpmﬁdclw

Lh:convnluu:dtubula,mdmﬂmlhonhavc:pvmumnndthnm
PO o determmed 1n this place (Samne 1938, Urinscu 1959 Lrvy 1989
Kaauzr o o, 1960) IF thys hypothesis i correet, 1t folliws that the papliary
nterstital pO must be very bow even lower than that of petnc imne, betaree
thzdntmonnfcxygmdifﬁmmmmtbcuul&omlhelumm(&z)mmlﬂ
wdudoxygmtmnmmthcvmmumnddxmnqhmtkmnlnn
previous study it was shown, bowever that the mean axygen tendon Is Jower b
the medulls than m the cortex, compatible with a law pQ in the e
smrounding the collecting ducts (Avxranp and Kxoo 1960)

The following factors might be suggested as respomsible for & low papilhry
oxygen tennon

1 Low papillary blood flow
Z.Ch\m’t:cmmtdlmdonduxnmmtbzwﬂfd"mm
3 Alkabne pH wathun the papilla with resulting high hemogobis ovyge

binding ca at Jow pO,.
4H1£dlgmingfvdmwmszMbhm
circulation.

5 High medullary axygen consumyp

Some aspects of these factors will be dicumed m the following

1 Smﬂnmuunuofotygmmaybcbmushxwﬂxpopﬂlh:ﬁ:h:’:
MLbclw;nd‘HmlclmimLhemuumngdwTh:ﬂ-ﬂﬂ‘:mmD”
thnloopo(Hml:mdthcﬁowutcofblmdiulb:vmmmh:n o5,
bcdthmmmduquﬂndzamnmmmh%w
Eraurn «f of. 1960) However due to the Jow oxygen capanty phay
pared o that of blopd 1t must be asumerd that the main cxyges e e
thcvmrmmmdepcndmgonmeﬂwntcmchaemﬂm'
ordinary length of the medallary capillanes (vas reesa) h{:m“"ﬁ"“w
-lcwuxygmmpp{ymthcmcdulh,.ndnmmuﬁmlﬂ::;deM
tbattheh!oaiﬂcrwnnﬂ'n]awumpuaﬂwwrﬁnl -
accumulation ofzhnrnmint.hcmbbnmcduﬂ:mddww" albuo
the pepilix of dogs has been demonstrared (TaoxTa o £ Wmﬂnlk
o o 1939) Scamve o 4. (19.9) found by mwhmm&ﬂf
Hoodﬂmvlnd:ctnnc:paﬁmo{wﬁamﬁumﬂﬂm o 3

g tiwue was al
T‘h‘\:tjﬁ.ptpgu relatively low meﬁymmcw
mxhtdthcmummmwﬂmﬂubd
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2. Tt has also been suggested that the oxygen supply to the papilla is further
lmted by the counter current flow 1n the vasa recta (Levy 1959) It must be
Immnittmwnmwﬂlddﬁm&omdxdnmdlngmthenc:ndmgpm—um
of the vemel Joops ding to pO di
ﬂlhlbamraddngofmmvﬂllhud:ebcgru(mwhmmmdpo h
Ingh as during oxygen breathing, and even greater dunng oxygen breathng
Al 2.5 atm. premure, 33 used in the expenments of REoE o o, (1938) Ay
mentioned by Urrarcn (1559) i!hpcln'hl: that this mechanom invalidates
the calenlation of the dy crit of the reglon where urne pO o
d—tt:rrmncd(Rmd;LlQS&)

The extent to which the counter current axchange diffoeslon will reduce the
wpply of cxygen to the medulla will depend upen the rate of oxygen diffunon
acrom the vemel loops and on the flow rate in the veels In short tune experr-
ments no changes In the diffus fent would be cxpected. The axygen
spply to the medulla sheald therefore depend upon the blood flow m mch a
marmner that an increase of blood flow would result 1n more than proportonal
Incresse of exygen supply

3 The pH of papillary Interstitlal find fs not known, The low effectrve blood
fiow to the medulla with respect to highly diffinible substances would favour
the

il of acid bolites, On the other hand, secretion of hydrogen
o into the collectmg ducts within the pﬂl-ﬂju;m,&umund?num
1958) ahould tend to ncrease pH of 1 fteal flond sur the

ducty, The pH might thus be expected to be determuned by the relatrve magni-
tude of thae two opposing facton. In dogs breathing oxygen, Knawxn of o,
(1960) found no Increase of papillary hemoglobin cxygen saturation after mjce
ton d‘cylmdclntut.bcm.\-n:ry 'ﬂxymndndcdﬂ:ﬂ'cﬁrethxl.bcblocd

In the medullary is nearly d with oxygen dunng
orygen breathing It mxy be quartoned, however Lf:ﬁqlciqjcrdoad
cyanide will reach the inner medulla in suffid to stop i

effectively asit must be asmmed that the penctration of cyarude into the [aner
medulla will be greatly impeded by the counter current cxchange mechantym.
As far asy we can sce, thh finding bs only compatible with the very low urine
PO ifblood within the papilla 1s strongly alkaline compared to systamic blood.
On the other hand, the aight or lacking effect on urlne pO  of oxygen breathing
would indrcate that the bemoglobin m the papilla is not nearly satarated with

Although we can not exclode that an allaline reaction within the papilla
myccnuﬂmmtopfwidcllﬂwmpo.hmqtﬂleunﬂhjydnlthe
acute variations in wine pO  produced by drugs should resalt from vanatrons

lllp-l>ﬂhr>'1ﬂ"~

Plasma slnmming low hematoent blood 1n the medullary
mmhummmt\xadudtdbyl}mmlmmu.hmmpﬂ'td]
thown, bowever that grest vanatiom in urine pO  could be produced wit
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significant alterations 1n arteril prewure or renal blood flow facton whch
1hould determine the degree of skomming The cell separation theory this st
insufficient to explamn our findings.
5 The oxygen poon of the inner medallary zone (incuding the
papilla) has been found to be low compared to cortical axygen coosmmption,
both 1x nitre (For references sec Urtmacn 1959) and m oow (Kraurz o o,
1960) Ewidence has alio been presented to show that the paplllary axypen
ption 1 directly dependent on the hemoglobln axygen withiz
the papilla (Kxauex o ol 1960) The cficct of vanations In papillary bood
flow on unnc pO should therefore be buffared by 1 varying rate of open
consumpticn in the papilla.
The oxygen conmmption of the outer medallary zone has beenshown i be
hugh compared to that of the inner rone (For references see ULLaxst 193] As
the capillary loops of the mnner medulla also traverse the outer medullary o,
the oxygen consumption of the outer zone might determine pO In the o
mnc,mdﬂmcbylltouﬂncpo,hhurmdybcmmgﬁmdlh!d!m
pnno(ren;luxygcnmnmmpmuumnmcdmth.lndpﬂnd’mw
sodurm reabsorption (Tl Travo Lamzx and Muores 1960 Kz and
DeETyEx 1960 Kim, AULAND and Rerstu 1961) The demoastration of £ 10w
lcrdim:uovsm:v:m:rnt:rm:nu:lt):u:ﬁrn'tparto&'v.bedl:‘tt]ccmvclurcdt:‘.\bliﬂ(cm'r
sceaLx and Myvix 1959) mm:pd,mu-vidlymwwdhlkb:
of Henle, and then probably by the wds portion of the asccndrog 5zb L
loops. Uttrict and Pracmea (1958) found that the oxygm consompoo?
lﬂca&omthcoutam:dulhmmunmiywhh'admmw"d":
in the medulla 1 the range of 0—450 megl, and ruggerted that th ¥t o5
tolna-nscdwdmmmmponbvzbcu:lhuhhemdemcndlnal-ﬂ“h"
hlou]mcdmihcoutumedulhrymltuthmpcu‘hlctmm‘w“’d
.~ load of sodium to the wide ascending hmb mht.bunbymaﬂ’dw“
mhrﬂmuunntcarbymmnﬁcdaumd:,mxghtmmwdlm et
l.m:lr.u:ygmcutx:-u:r:rpﬂon:\u!'t.ln:mn:rmuch:lﬂn'ymﬂﬁ.l"'j"}““"’”y
pillary and unne pO
p‘l-'rvm:xlln:g\:l:u-:x-nld.n-n::.mi.«mnl:uovx:itl;;upc-nt.l:u(acmct‘—klﬂG“x"”m’“;%
fsmoatlikely duc exther to changes in papllary blood lndf"’wc‘ssw
oater medullary oxygen p If papillary blood flow &
determinmg factor the present findings show that papulary PPt
varied widely independent of the cortcal blood flow (For practial PT0 S
dncomrmdbloodﬂwmybcukmunwmmzdmmmw
cortical circulation probably receives about 98 % of the wotal

lodney (Rxauxr of & 1960) ) .3
Mminzywmtmhmimmmwwmkw

]
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diversion of cortical blood flow to the medulla through the juxtamedullary
gomeruli has been confirmed by several authors in rabbets, but has pot been
demoostrated in dogs (For references see Surrar 1951) Recently bhowever
TruRAU & al, (1960) found that the medullary blood flow of the perfmsed dog
tdney varied proportional to perfunon presure, while cortrcal flow showed
sutoregulation, 1. ¢. comtant flow at incressing perfusion premure. In the prosent
apanments no conustent comrelabon between blood pressure and urine pO
was found, probably due to & duirect effect of the drugs on the medollary dr
clation,

Grurr (1957) studied the dutribution of renal blood flow by temperature
easurements in the dog kidney High doscs of adrenalme L v (40 pgfkg)
xopped the renal exrculation for 1—2 min. In the following 5—6 min, however
iotal renal blood flow nearly rearrumed control values, while cortical renal
bood fiow was still greatly reduced. He concluded that during these conditions
a kigh proportion (at Jeast 50 ) of the normal reml blood flow might pas
the kidney in spite of schemmc renal corter. In the present study a marked in-
ease of unine pO following injection of adrenaline or noradrenaline mught
suggest an incressed medullary blood flow It o dificult to offer any
to ths finding, however While it 1 well nown
that adrenaline may produce vasodilatation, no such effect has been recorded
for poradrenalne (Goookax and Grow 1988) As the por-adrenaline
Prparaton ued contained low dan 4 A-drm:ﬂnqituunlﬁﬂythx!he
increase of wnne pO  following inj wudn:m-d-
mrxtore of adrenaline. This was abo 1 ‘bynm'ly
tq\nldmof;drunﬂn:mdnnr—.drm:ﬂnr.hwmldhdmtom
2 visodilatating effect of nor-adrenahne mn the medullary circulaton, it seems
maore reasonable to suggest that the rise of urine pO b duc to a temporary
reduction of glomerular filraton rate with renulting decrease of oxygen con-
wumnption in the outer medollary zone. It might alio be suggested that the van-

between two antagonbsuc effects 1 1 d vascular in the medul
bry circalaton, reducing blood flow and 2. Redoced cxygen comsumption
due to reduction of glomerular filtration rate.

Theh)umeufmnepofoﬂow{ng' ton of sdrenalin and nor adrenali
mught alo be L d b dy bass i these sub bad a
hrmvmmmmmmthncwﬂalvhmonthej‘muﬂuydi

arterioles of potamedallary glomerull, orppnadng at right angles from the
fint portion of th intralobular artenies (TRUKTA o &f. 1947) Medullary blood
ﬁowwoulddm:vuthundymca'ba]bhmdﬂowAtnmmwh
systemsc hematoart due 1o emptylag of splenle erythrocyte reservoas might
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poniblynhocmnibutetoﬂ}eimuxmmpo observed after adrenaline
and nor adrenabine injectzons,

The commstent increase of unne pQ resultng from vasodilatating drug
such a3 histarmne, papaverme and Region, without concommutant merease of

tamec cxplanation might aho apply to the Increass of urine pO produced by
Nunhu&nLAhhoughvuhﬂ.nmlnlodhmlmdtuLhcmcdulhmxghlcm-
tribute to change urine pO alo 1n these expermenty, it has been thown that
papavennc and histamine may produce a marked increawe of tmne pO, with
alight or no decresse of the filtered lowd of sodium (AXIAND 10 preparation)
The changes brough about by thac agents arc therefore mast likely doe to
changes m the rate of medullary blaod flow

The decrease of urine pO  resnlting from raped Intravenous infumion of
hypertonic ures or mannital can probably pot be axplained ay resulftng from
incressed vascular remstance with Jowering of medullary blood flow This &
unlikely because hypertonic solutions generally Increase blood flow and o
peaally tince it has been thown that papillary plamma flow Increases during
manmito]l diuresy (Knaurz ¢ al. 1960) On the other hand, mannliol and wex
prohably increases the amount of sodium which i brougth to the thick ascend-
ing Lmb of the loops of Henle, and might thereby increass O comnmmmption,
cither by increased sodim reatsorption or by a lugher axygen demand by
the sodium reabsoridng h m the pr of 1 or ures (Rm.
o d. 1961)

)Jmmﬂymwhmﬁmduﬂmkmwhmlﬂ
the Homanttics.
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Abstract
Krotrans, H. G Ouypen wpiads ond puise rets ik resaing sk mdshr
veinnd end dumrmined stride [mpths ot difvrmad spads Acta phymal. scarel
52 366—371 — Two well-trained ran to o

was nearly rectilinearty refated to that of cxygen

Caahrdumwmfmdmﬂ:ﬁmmth:!mpmlmdw"i

toaship between oxygen uptake and speed of treadmull running i steadr#a
(Canmresex and Hooweno 1950 Hoorexo 1952 a) Bax (194) "P"m'm“'
however a curvilinear relatomhip between the two factors, with the s
nptlkcm’clﬂngl!lpmpmﬁonndyﬁnantewhhbaﬂdﬂ!'?“d‘(”
gmtpnndmemgycxpmdimmiunmnmbptmﬂﬂrw:fmu
/mﬂbmmmm‘ﬁpﬁfﬂntﬁdww‘h‘mnpw
affect the oxygen requirement and oxygen uptake during renning
a non-rectilmear relationshup.
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The resalts of yanom expenments on kesel walkng support this contention.
Moat recently Ravsrox (1958) and Cotes and Mrane (1960) have reported
that, not only b the relatiooship between energy expenditure and walking
'ﬂmvmvtﬁnwhmmburmngimagyapuﬂ;mhplomdgﬂm
the square of velocity a rectilk b d. Bomxzat (1960)
bas ammved at tbemecondmmm bmreﬁnmdxlamr:lniomhxpu

In the present work it way postulated that there were two dominating factors
fnvolved in the energy cost of running on the level (1) the factor of kunetic
energy and (2) the subject's adpntment of stsde leoght in ocder to adapt
hrmelf to each wpeed. In an effort to determine the cffects of these factors on
nrady-state axygen uptake and pube rate, exporiments were conducted m
which a subject ran at varouws specds (a) determuning ho stride length for
hitmelf and (b) a paralic] series where be wed 8 pre-determined and unchang-
ing length of stride at the various speedh.

Methods

Two well-tramed runens (V K., age — 22 yra, ht. — 170 am, wt. — 743 kg aod
PK_,A-ge 23y, bt — 179 cr, wt. — 73 ky) were enmployed ax the test sabjects in
The motoedrven treadmill,

Three sets of experiments wers conducted, one set with subject P K. and two with
d:gknv K. {with 2 mx mooth Interva) between the latter two) Swce the resolts of

9 and 16.3 km/h detcrmantng Sor hirrmpelf (“undetermined” sride lengthy)
and t e specds between 9 and 1166 kin/h fn the “determined™ serics. Th Lo eat
peed 1 approximadng (he dower Emdt of troc running while

uwudﬂcrmh’lankm,"hmcm)byblﬂmemhﬁnem
Pristely adputed w0 ghre the prvpanmnhudban,mdmm..r;:::”"w;’
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subject specds higher with strides o
posible Lo the to run & thao 11 66 km/h -
;uu;umdhhhahﬂnymwmbodqudd}ymuﬁmmhm’

extremdly rapad tempo.

axygen hie I Wher
ed are prescated in Tal
The takes and pubse rates obmin endenr
plntmdlnd.im:tprthcﬁamhipmrmmng:pcuis, the remlos for l}muf\l,in.'i
mncd"mumhmdmp—mtdwlymngnmupwupccd ol
uﬁawh:d:thecnrvubcgmm)dmgdfntbcmbjenmnd(mmﬂnudmﬂh
However plotmrgzbevﬂnunpwtvdodrymmodpo:;m“
§ produced qute different results. [n !ht"undﬂt:‘ﬂ;:nm
ri:tiﬂnﬂrrdnuumhapwufmmdbﬂwtmuxvxmu‘p " "m':“!'d’a
the second power) up to appradimately 14 km/h. tpcdwm m“‘:""d‘
a(:arcthn t.tbcxchﬁcmlnpbcamcd:ﬁmmlymv‘m Pmmp‘"
the curves P::;vdina off at the higher mﬁ-?:nxwwhp«d:""
the sccond power were incres
rate and velocrty to
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PMLSE

uo

Yol ot @ ® W it ile B @
YELOITY (v

1 and whils with descraained () and cadetermined
ﬂrmu?urnmqnh pale: mais renniag )

mgprupormtdyfntu’nploquﬂidnppmnmndyukm[h-ndnfmrthn
pownt, pr d by the declh slope. In the case of
Lbc'dctunﬂntd"luiu.lﬂnﬂrrdlbmhipwmﬁnmdbctmvdodtym
the sccond power and axygen uptake fom 9.66 to 11 66 kin/h. The values for
axy-gmupukzlwonndsﬂhnfhwuengnﬂ'mdydiﬂhmtﬁmnlhtormnl
valus d from an of thus linear relatt The total relatron-
Mp.tha:ﬁ:fc.wokdrfmmufl“j“dnpcdumAumﬂumhmem
found betwern veloaty 1o the second power and pube rate.

Discuesion

The fact that plotting axygen uptake aguinst veloaty to the second power
resolted in & pearly perfect rectilinear relationsinp for speeds between 9 and
14 km/h would indicate that running 3 abmost entirely a matter of kinctic energy
This would agree with the results of similar invemgatiom in walking In the
praentstudy acurvilinear relationthip was found at the lighest level of runmng
speeds, beginnung above 14 kon/h. The increase 1n oxygen optake (and pulse
rate) beaame smaller per unit Increase in running veloaty It is postnlated that,
becawse n running the subject 15 approaching maximal values, the body raponse
o the demands af exercise becones more and more retarded. It should be men-
mdmgwhﬂ:tbtnhdomhlpbctwccnqumnpuhwﬁﬂenmm(h’ge
“undetarmuned” series and velocity to the second power was “pearly reeei™



370 HOWARD G KNUTTOEN

In oature, 1t was not perfectly rectilnear It is suggested that, m sddton to the
factor of kunetsc energy one or more other factony, such as Fft work or sdibmal
baiymvcmma,mttrmmdlhutharmhhomhipsmldbcddnmby
future investigations.

The enargy requirements of monmg with determuned strdes deghtly shorier
than the optimal, as n the Jower speeds employed, thowed little or o vumten
from the values obtamed while runmng with undetormmned suwde ot
Above 9 66 km/h, however there occurred a rmpid and Linear increase 10 vaboo
with the total curve being 1§’ shaped. HOaszno (1952 a) has thown that, whea
a subject runs at a certam speed and shorters and lengthens his stnde kgt
fram the optium length, mner deviations cawe only a slight change ia cooty
cun\rhﬂema'cnnnglyhxghercun-gydmndsme-bwlw{vhhmnﬂﬁ
larger deviations 10 stnide length. In the present study the deviations from opt-
mal lengths became mereanngly greater at inereanmgly higher nmmng vebx
1ex, ths caunng the 5 thapcdrchuomhrplxtwmnoxygmuptlh“dm'
mng veloaty

When pulse rate was plotted against axygen uptake for the vasios et
in both the “determmed” and the “undetermmed” senes, pearly rechEs
relationshups were obtauned. \ﬂd:pubcnt:uﬂicu’dlmumdm“?"h
a1 the abacrea, the potnts plotted for the determned” srics lay slightly biges
md:rupecimpuhcntuunmmntuo{uxygmwnhﬂﬂnﬂd"d
the “andetermined” sencs. One cxplanation might be a posible suate of &2
nomlanmmtmthcpundthcmb;cunlnungmnminmmnnrﬁ'
nome and at mnatmal siride engtis. .

\Vnhrqudmlhcwnomcwmobmncd.lhcvﬂuu!hﬂm”b“
highnth&nun:mlghtﬂpcdmthm:farpuhcnuhlbtmm“m;:
spccdxmthe“undctcfmmcd”mu.'l‘hcrmonfor(hhnnot\mdm‘m‘i
1t 18 suggested that one camse could be the hydrostate cffect, whith the T
mﬂhnglctmoftbcmxaduhdp:mmmnllhchxgbﬁmﬂmé‘uﬂ”

The incresse in stride length of the subject was found to be directly
thcmamcmnmmng:pcedmd:c“tmdamncd'-uhm"m(
rd;mhnpobmncdﬁ'omthh!m'mumncdcdmthzhcmcﬁﬂnﬂf b
dﬂpobmhnd&um‘nn;l:apamm(nndmkanlch:d-n;%
creased has veloaty fram 9 km/h to 16,5 km/h by icreasing ba il
.ndm(bymaannghurmdeﬁnq\mcy(thmwuwmﬂlya:;ﬁfl’om
1n frequency) These two results, the relationship of strde

and the nubject’s method of increasng his rloarymbf’""”“h,d;.
onth those of HOGEERG (1952 &) The results of Gaatawaza (19318757
mlcdmmmmmdclmgthulh:mmhy'hnhlr@nﬂ'm!wﬁ[ .
sung speed, but a relatvely large scattermg of values was e et 8%
mcyqflhcrwﬂuo!meprum:nudy-mdﬂoonwmd‘} of 1t
mdxgrutdmumhufapa{muldmgu-ndlbcm v

subgects.
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From the Insutute of Neurophyriology Unbvenity of Copenb

Cholinestersses 11 Human Spinal Flaid and Brais'
By
O1z SvErrdaRk
Recebeod 14 May 1961

Absiract
th—wﬁuumm
chroms g

physialscand, s - By chectropboresis sd
1961 12 372--%78
x&wllir.-wnlhuhﬂmnqindﬂ'ﬂd“d

oblity frecnon of may
of eafidase.
Human spioal flud catalyzes the hydrolytic splisnag ufbmaﬂd”‘"‘"l

.cuytﬁ-mcmyld:dmmnnngthcpfmdbumlw (IP‘"&
cholinasterase, umpeafic chollnonerase) and of "y bt
cholinesteraac) ﬁcnmd:plltdngm-}nm\ﬂmoﬁbtﬂldl;”d
holipe-csten are split by buman plama and aytbrocnict (G

S ox 1946, R and Huarsne 1948)
In;mmmmidwmw(wﬁqm
1952) the tmtyrylchalinesterase ts probably located in glix Lo
ctlls {Cavoncs Trourtox and WisTin 1954) Inmt

Profmlauy report Sromoax (1938)
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ererase It smociated with the cell strocture and only small amounts occur 1n
winton. Butyrylcholinesterase b found malnly m the cytoplamm (Hotx
smpT and Toscrn 1959) The acetylcholinesternse in spanal fluid might thus
dﬂﬁeﬁ-nmtrunmdthebuqnldﬁo!mcﬂnuﬁuma!hﬂbnmurphmn
o fom both. A p 3 horetic mobihty and dwomato-
Flphxbd’nwu‘ofchoﬁnmmmmlgbtludlatewhdhuthu—emddi
frences between the enzymes occurring In the spinal fnd, brain and plasma,
L s, whether spinal fluid choliresterasax can originate from plasma or bram.

Materials and Methods

&mplaafh-:}hdﬁ:ﬂmohﬂn:dbyhmhrmmﬂuundcw
Poncture fram penrosurgical, newrological and peychiatric patient. Small morples (3—
13 ml) were concentrated at 0° C by vacurm dishyrs (Mo 1933) and lerper samples
or pools by diatyshy sgaliost 30 per cont polyethylene glyend (Carbowax 20 M, pproumate
mw 20,000, K~ 1959).

Huomex brsin fisrw was obuadned 24 hoans afier death (traffic aceidents (3 beaim)
coronary occhusion (1 braln)) Grey metter white master and mixed twoes from one
weers cut into small pleces (05 ml) rineed in fcecold 0.9 pex cent sodium
chlande and blotted on filter paper The tues were bomogenized in - W arisg blendor
with icecold 0.8 per cent sodnmy chloride contuning 40 mA (/1 NaH, PO  adfusted to
PH 74 with 0.1 N NaOH (1 Iiter per kg wet wekght of the toue) The hamogenates
\ml.ep(ﬁxuuhmn--xo'cmcmtﬂfuui ta,ln)x( muu::danmrepuacd

twice an the prech and the d The
tract conld ba redoced by frecrng o — N'Cnndwdnvin(u:dmﬂ'm-

an hoar at 33,000 X g The suparnetant was concentrated egaiost 30 per cent carbo-
uumu,tﬂﬂ\p:dﬁxlib\mnﬂhmdmbuﬁnmdhdtmm

Puhir sloctropburssiy waa {LEB Fabrilmaktichaolag,

Siekbolm) with Scangrcirn & SCuULL 0o 2043 bmgl filer paper and sodian barbiral
buffer (pH 8.6, & = 0.073) 3 Vjcm were  pphed for 18 hoan at room temperature.
Protan wss stamed with 108 end the ck of wis recorded on
paper mip scammer with bogarithmes outpuL.

Coltwomn clactrophorers wma carmed oat on columa (I3 X 400 mm) of ethanolyred
celhudome (Poratn 1934, FLoory end k 7xx 1936) in sodkun barbual baffer (pH 86,
& = 0.075) the chute was collected in 1.5 ml fractorm and the protein concentraton
dﬂtrmd(la-m - al 193])

mmmmmwm

g 1956) the protein wat dialyred againet § mM \aH,PO adhmerd to pH

7.0-1h01V\AOI‘LTwmlﬂftlp|ikdmd:mlm(lox 120 mm) sod cuted
and

a3 Cwith gradunt of decresang pH (from 5 mA
sodsan hﬁcrpH70mO.5M\aand50mlf}\d{.P0.)P chato was
nﬂg“gdemlﬁm-ndlbtmmm:mnl[xmdniﬂtrmined&mnlhﬂ
hnumwﬂ(mw mode] DU) The conductity and the
PH of the efflucnt were determined Ca:dmLh&ylldﬂ@Mllndel(ct:rP}Dl
2, Rachometer Copenbagen)

2413013 Acta phyrel scand Vel 52
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Cor for the sp s of the sab pal

peepared with water bn beu of enryme. Eluster from colimm dectrophoress %

colmnn tograply were aszyed by be mme oxtbod 450’ld'tbfﬂd-m#::
3dded to 50 pl of the ehaate

Pate buffer snd 50 a1 of thr eubsirat sohutoa were
the sxxy performed a3 drscribed bove.
fracnoes polated bytd-mmm'w

chlorde (ASTRA
Gowot e I the 50 mM sodnmn phosphate buffer and mcubal
mm before the substrat was added.
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Fig 2. Chroma o= DEAE-celroloss of (A) leumen ikoal Buld, (B) buamen brain cxract
(mterd and (C) boman mrwn. Tho u-ckmlmg)mcnmmmry

of The locatians of et protem ,
planam ) are indaated m the fyar ¢

%-‘

Remnley

Sponal fomd. Paper clectrophoveds at pH 8.6 of concentrated spunal fald
(abo 50 mg proten per ml) showed three fractions of chollnoterase Two
but Tylcholnesterason  and one  cctylcholineterase  One  butyrylcholin-
esterase was located between a, and Aglobulin (the a-f-type) and the other
together with p-globuli (the ytype) The ratio of the actvities of the two
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Takle I Md&w.ﬁ-@ t y=type ond the 0-B-Ure betyrrichalincshrasr
o bram extracts (pH 7 4 If'aﬂm_«n&ﬂ'l&ll)

Sutwtrate snd mhibier Chotin rthity®) Retssive chod
(prmocken/(bour ml)) | merteley?

i ofpe [P (oo

ButyrylchoBine 301 43 100 100

Botyryhthiocholuss 238 RRL ors an

Betroyicholinn (X} (%3 03 047
o om 0 [

Acetyl-fmethyleholine
Buiyrylcholne + prostigmin (4 107 A1) 1% 158 064 o6
Butyryichotine + ASTRA 1397 (51004 0) 268 350 om on

1

cuplicat determimation.
‘n&&wvhywhhhunykbdlnc-ntnnwmmiﬂqmmzhemhmh

butyrylchollnesterases vaned from ! 20 2 1 in different smples, The sertyl-
hal aac actrvity was d with protem located between the butyryl-
hot a%es of AppY fy together with the wglobulin (Fig 1 A) Ths
dutribution of cholinesterases was seen in 22 different wamples of spinal fuid
and in 7 poals of spenal fluid.

In ch

graphy oo DEAE-cellulose (Fig 2 A} one butyrylcholinestrraa

appeared together wath 3~ and fglobuline  clectrophorens of thu fraction

showed that 1t was 1dentieal with the w~type. The other butyryleholinesteroe

appaared after albumin and was sdentical wth the a Atype. Both burynyk

, cholinesterases hydrolyzed butyrylcholine but not acety! fmecthylcholine and

~ were wnhibited by proyugmin and ASTRA 1397 The acetylcholinesterie way
cluted b the butyrylchol

Aran fsswe Paper electropborem of the brun extracty showed the sme
dutribution of the cholinesterases 3 spsnal fnd  One bunyrylehollnaterae
ppeared at & nte corresponding to that of the o-g-type of spirual fuid and 2
other together with pmglobulin  Acerylcholineteras appeared beraeen these
fractions of butyrykcholinesterase (Fig 1 B} Thy distribunon of cholinesterse
\as seen in lectrophorens of extracts from foar bruns (moxed tacs) 04
from grey and from white matter of two braus,

The dustribution of the cholinasternses in the DEAL—csﬂulmcchmﬂ“'wf‘“
of brain extracts was the same a3 in rmnal flod (Fig 2 B}

The two butyrylcholipesterates were isojated iy column cloctroptmrcsis 45
the enzyme activity was measured with butyrylcholine, Lutyrylthiocholn®
benzoykbobne and scety! f-methyicholine as substratcs and with prostigrele
and ASTRA 1357 a3 nhubators. The actrvties (cateulated tn W"""”‘ﬁ;’
measored with butyrylcholine as substrate) were identical in the &
and the ptype butyrylcholinaterase (Table 1)
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Serom. The clectrophorete mohility of the serom cholinestermse (Grroome
and Dxxance 1952) corresponded to that of the o-f-type butyrylcholinesternse
from spinal fluid and bramn (Fig 1 Q) In ch phy on DEAE-celluk
{Fig 2C) human serum chol ppeared between alb and 2
grecomh proten {coeruloplasmin)

Discussion
The butyrylcholi and acetybcholi ctiy Dflpm.llﬂmd
and brain were d with duffe fi The

mohlxry(pH&QAndLhecbzmmxnphu:bghmd!bcacuyldmhn-
eternse 1n spanal flnd and in beain were the same. Tho suggests that part of
thel}imlﬂmdp—otdndﬂivu&nmdrbrmn.

Two butyry} w th diffe o bilities occnrred
m spanal fluid and beun extracts. The o-f-type had the xame eeetrophoretic
and chromatographdc properties as plasma cholmesterase and, therefore, It
remaims undecided whether the occurrence of this enryme in spinal fluid b
dne 10 plagma or beain protams The Jow mobility butyrylcholinesterase, the
7-type, which octurs in both spinal flufd and beain cxtracts was absentin plasma.
mh-nothcrlndnbmmnlp{mlﬁuidmnmmprmﬂmdmmg&mn
braun. It bs, bowever powihle that the p-type butyrykchali bp
byduewdonufd.nﬂdn:wthhnmlnspmﬂﬂdd(smul%l-,b)
Thencdvlryd'd:lxhxu-olowdmlucﬂ':uuntbccbdm:nmmdm—lng

of butyrylcholk frctions with mobilrtus varying between that of the
a-p-type and that of the y~type. That only two butyrylcholinesterase fractions
were  beerved s pot necessarily with this explanation. On secoumt
of the low malidase actnity the butyrylcholi with inter

medate mobilities mght be too small to be detected by the procedures med
in tho srudy whereas the non-modificed a-f-type and the accomulated salic
acid-free butyryicholinestcrase (the y~type) might be present in a mficently
large amount to be determuned. Sanilarly the occurrence of two cholinasternses
with dentical enaymatic properties but wath different electrophoretic mobilitses
foundmmlLkmdcolmmnnu{Mnc(Ammmuxmdmij)mighl
be due to the prescoce of ualidase,

The work wis mepparted by gracts fram the Michatiecn Foondation aad F L. St & Co.
AS | bilaonsiad, Copmbages,
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Distrihution of Blood in the Arousing Hibernator

By
K Jomaroms
Received 18 May 1961

Likewme the
hiogs, diaphragm, and brown fat show  sobetanthal focreasc fa
blood flow Blood flow to gmsrontestinal twua & groady redoced
i the arousing animahs, wheress flaw to the skin, Ever and thyreid
shows fnsignificent differenecs.

Duning the last 20 years papers oo the phyrology of hibernation in mam-
mah have been publihed unabatedly It has, however not been posuble to

P

in this field when Lvvaw o «f (1960) pplied the implantavon techmque for
vascular catheters devised by Stite of al. (1936) and made succewful record-
ings of blood presure and pube premaure in groomd squirrels dunog hiber
mation and arousal from nbernaton. The dramatic and physlologiaally very
mmu{mmlﬁmn}nbcnﬂ.ﬂmimnhupdolmddungummdn—
vascular parameters like heart rate, blood flow blood presure, penipheral
Prosent adrew Lusttose for Expevimental Sectcal Reaarch, UBeril Homptial, Olo, M
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regstance, etc, Moreover nmbcmm\nn:d!hnamtcbugumtbc
dxmibuumufth:crvuhﬁnguoodnkuphmﬁkutbowghtparmdmy
to urvolve masave constricton of the vascular bed in the caudal part of the
mxmlintbcwhapand’thcuomﬂprmﬁvﬁmh&nm
veas clamed carly by Manes (1892) and Duson (1896) uang dye tojecthons
m an effort to map the distribubon of the creulating blood A bumber of
wvestigatons (Lysan and Cuatrmn 1950 Jorraox 1930 Brxeptcr and Lex
1938, Jonamen and Knoo 1959) have tned to demomtrate a differential yiso-
constnction by sultiple temperuature measurements. These studies bave con
frmmed che idea that the front part of the aroasng hibernator warm more
rapadly than the hnd part. In 1950 Lvaax and Caatrxin demonstrated that
the arcunlating blood was distributed In d. with tha temp

difference, They mjected a radro-opaque matenal directly Into the heart and
followed 1ts distribution with \ rays. In normal anathetred ammls the 10~
Jecuon of Thorotrast outhned, in these authors vicw the whole aroulatry
systern, whereas in the arousng anmual only the crandal poctsen of the af
culstory system was visible on the Xrays. All these gudies have Lmitauoos
and sre 1 the author’s mind only 1y 1nd of the distrib

of blood. Diflerences 1n organ blood Bow as well as compartion of perfison
sates between front aod hma portions of the ammals are imposibic to evalsss
wth thee methods. There seem thin to be no study avallable which showa
qmnuuu‘dydlednnibuumdbbodm&cmwmm
study utilizes the method dexgned by BarnusTess (1958) for mepnunng regiont)
blood flow by fractional distnbunon of rad dicaton. Compareon B
made between one group of awake ammals and onc group of arounag

Materfal and Methods

Arctie ground squirrek, Spermophils ondulatus, were meed
lndwﬂmﬂymmrrdﬂtﬂ;ﬂltﬂiummﬂmilwmmmi‘i
'l'hc::r::11««:-1-:-1:1.:\'1n((m!:v-q-ev.-l:la:;l',r\mmdl~‘rl-:hcu:\r\=ct1"‘*"1’““:"l Tue
od:nhi\:rrnnnn.h.ibcrmlaIor-han:rpu-iod:bawtcn-hd\*l“h“‘”"hr
sgroups of snimals were wed. One group consisted of ammak that had ]
for at fexnt four days comsecutively Tb:h:;hnd.zwpcwﬂmd"“ﬁh"‘
been in hibernstson for  ourmum of
mwwﬁmmmau@nw;i‘:ﬁ
ibe uprake of an mdxatoe by &0 organ B related 1o the orpan biood
coocenmranon of the indreator and the onpan s extracion o X the IXET
rocTery, sodying ran and using R and RY? ay indscators, found yed comast
ndmwmwnknmcmrsnmmmvmmw#@mmd“;pmw
wmﬂuﬂamﬁmﬂcwnmﬁmmﬂmﬂwh‘:’b’w
the fiest 64 scc. It & emphasied that the brawn m the only ongs? Ia the prosca!
Tonilt froen this e f comseqovTtly oot uncluded m the preseat sy In SO P
stody only relathe aluct were sought and orcquently oo [IERSS 0L L
aniern] coocentrations alter kyection. For denafls aboat the
ferred 1o Sarmyme (1938)



wndl;'hrmmdcdﬂvmngmrﬂng-hoinlhzhmdp‘noflhcamming
anymal

The activity of carduac nrucle from the left ventricke in the two groups
was more than twice as great in the aroosing snbmak, Thn difference wma
significant to the one percent level and indreates a large incrense in corovary
perfunon duting wrousl. Tie lungs as well as the diaphragm likewise sthowed
a mbstannally hugher actvity i the arousing apimals. The needs for an in
creased circulaton to these stes bt spparent when watching the violent ro-
pustory cffocts in an arcuxing hibernstor The skin taken from the footpads
thowed & very low actinty in both groupe, suggesting s general peripheral
varocomtriction during the process of arounl. The  ctivity of toyues from th
gustrointestinal system in the two groaps demoustrated s markedly reduced
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Discussion

The mrethod med 1n thn study s based oo the il
dicators by an ocgan s determned the inf ted art
of the mdicator e cotume. o of baood o the axgan, 308 1 T
tractron ratio for the indicator We have thus presumably tre chf?:':
mcmmd.wbmmmgonlywxmwﬂw-"“’“mm”(wuﬁ

muouldmﬂumc:dren:sulu.]naurcﬁc.w’ﬂnh.um conra
llmfntdomth:tlbcmd:worcomm!oflheﬂmmmﬂdd‘(d
between 9 to 70 sec after injecuon of the m'rbcmiﬂ“’
ocgan showing devating results Indirectly this means
the same extracung ratio within thee tme oo 1f this

[.numlht“F“"d’b’
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the rearcalatmg sotope (between 5—10 %) would change the sctmty m
woch a way that organs with high extraction ratios would accumulate motope
while organs with low extractron ratios would give t up In the present study
the wamples of ammals were as much a3 possible selected on 2 ymiform weaght
beris. Thr facy, together with careful domge of the indlcator justdies the as-
mmpton of & reproducible artenal concentration of the indicator It 1 em-
phasized, bowerer that no extensive measurements were made of the in-
tegrated arterial notope content. Thin the data do not give numeriaal valua
of organ blood flow The data 1, however reproenmtive for relative changes
in blood flow to organs and tunes,

The results gve ample confirmatron to earbier findings of a differential
diriribution of hlood betwern the front and hind part i the aroming hiber
nator Earlwer evadence for th condition was detrved from temperature meas-
urements and more directly from the radsological studies of Lyaax and CrAT
rzin (1950) The early studies of Dubous (189) and Manxs (1892) using
{ntravascular injecnons of variowm dyes (Indigo carmine) indicated that ar
culation prmarily took place in the antenor portion of the animal,

The ntroduction of a radio-opaque materml directly fnto the heart » tech-
mucally extremely dufficult. In order to get reproducible results the contrast
matenal should be inmpected in the same heart cormpartment and onder the
smme pressure in each ammal. The difficulty invelved in this in an anmmal
the sixe of 2 hamster can be eaxly appreciated. Th 1ng results pr d
by Lyrsan and Chatfield must nccersarly be interpreted wath these imitations
in mund. The X ray pictares reproduced in thelr arncle show a clesr delineation
of the great thoracic velns 4 seconds after contrast injection in the hibernating
amumal. This is contradsctory to thelr finding of a systemic circulation time
of 10 seconds in the awake animals with many nmes faster elreulanon,
One of the more comspicnom characterntics of the hibernators iy their ability
to arowe themselyer from the hibenatng condition. The speed nd control
with winch this aroaung procers takes place have been subjected to repetacd
invesrgauon by workers m thes fiedd In the small birchmouse (7—16 g) the
whole proces of arousal takey place 10 about half an hour and involva a rise
in B. T of 32* (Jomamx and kuoo 1959) In other animals studsed the
aroun| takes longer time than thix, but ks alwayy charscterned by a rapid
warming of the front part anterior to the daphragm and  later rewarming
of the posterior parts. Many studies have been dengned o eluadate the pos-
sible sources of heat and the control of the physiclogical efforts on the part
of th ammal that makes pomhie this profound and dramatic phenomenon.
Therc are two ads g PP in regard to the selective
ditnbution of blood dunng arcaml, Fimtly jt reduces the amount of tisae
to be warmed and the surface arca for heat dmsipation, Secondly It renders
penibl & maxnmum blood fiow 10 orgam thought to be iavoived in the ther
mwmmguﬁdw(lmlmmﬂﬁwhﬁh
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field. His approach was 10 eviscerate parts of the animals asd o
e&cumhlmkmmpm&ubﬁdmmu&m"slﬂg:
cthﬂldﬂ!thﬂwtﬁ&ch'mllndmmdwmwmdtm
These manipolauons didf not change the warming patiern of the amterior
poction of the body T‘Y‘“S‘h‘mmmﬁhthvﬂwtytugdxm
v did slow the warming proces. Duboit eonclnded from his expenments
thltlhehvumth:pmdonﬁmtmdha;dwhmmxpmcm
Later stodies with evd timques and smaltyple temp
muﬂmﬂ%mlgw)hnqmmm;mmdu‘
Liver for thermogenems in the arounng hibernutor The smpabred warming
nﬂcruuchm-nlmmhuhvabccnnm{huwdwpmﬂngofbhodlnmc
splanchnic bed ratber than interference with the liver 1 & heat source (Bota.
uan and Marwe 1936) The results amnved at in the present stady thowed no
ngmﬁclntchmgcmln’cbloodﬁowcompmmglh:nwﬁ:mdlhcumu&ng
hibernator Thu finding supports Lysax and Cnatrmn s conclunon that the
hvuhunodgniﬁummpurunaulhntmind:chnmtdutcmmng
procem.

The tkeletal mincle 1mass way an early nupect 25 & source of beat in the
aromal procos. Thus acton potentials have been recorded from muscles in
the anterior part st very Jow temperatures and cven before notceable muncular
mavernents were apparent (Lyswax snd Crarmmp 1950 Axparsts Joraw
sex and kxoa 1960) Generally the mmculay shivering pets increasngly more
walent 10 the froat part until at orxl temperatures of move than 30 C the fund
leg muscles abo come into play Doson (1896) and leter Powwrey (1901)
and J (1929) 2t d ed the maportance of minche shivering for
" the waking procen. Thy has tater been rubstannated by endence from wock
by Lyman and ChatBeld. They t a ureable red m the
speed of g afier cur 1 of thar exp | ammals. The
prosent study demomtrated a remarkable duft i the drculating blood to the
skeletal mnele 1n the froat part of the amumals remiting in a perfuson rae
more than 16 umes greater than in the awske sromals It s iateresting 10 note
that Boreorer and Ler (1933) reported that muscle hevenng dunng arowsal
mummnrmmwndmdmmmlbanwﬁmnnhammhumu
amcdmlhehm:lal’nbarmdumﬂmou(lﬂ%}ml;:dlhaxmcmnm
ﬂomo(lhednphngmnmafumnmpmxntein warmung proces,
Jomesox {1929) working with the thirteen hined ground squrrel Gt
Mﬂdmm\modudcddmthemnhwmundthmﬂmdlbt
mwymmdu.ﬁcpromtdaudmmw-mumlhncfdd
lnnwcmpcffuammlhtdnphn!md‘bfm‘mm’]‘mh“f
actmty found m the lungs further substantates the mmportance L‘}"
creased rerperatory efforts 15 conncction with the rapd moreae in ‘p;:
duction. Sinee the lungs represent the only uswe of protable wpalBord
extracton of indscator i the pulmonary Qrowst, an increse i Y
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|hﬂhm¢mnnwtdmbammardu:wrpmdmngthc
wocem of arowsal,

Specal interest s related to the heart a3 a pomsible source of heat pro-
hﬁmﬂmlmLThnmmdcuwnu—-c&ngmmﬂynqxcd:up
® twice the rate ever seen in an awake conditon. From the standpoint of
tpd transport of heat to adjacent arcas the heart and hmgy are the only organs
| ™ immediate contact with the total eardiac output. On this baws 1t seem
“meuhrnnporunc:t.hnmcpromtm;d) demonstrates a doubling of
e actmity in the cardiac muscle n the arounng anmmals, Lystax and Crar
RO (1950) =pply some wteresting logx to the umportance of the beart .
'b“-’mdmtngumm] The coodinons prevailing at thu tme render
li”’fl“l'lllm'u:n:ﬂ?clcz:ntl.llpun:q;tlud.nngto1:::11::«:\:.!.1:"1)'h:ghl:l‘u:!d’ﬂ'
d%mhhmmmdmﬁxwwmt&m
£ heart rate together w th a high peripheral resistance and the high blood

The profound changes in blood flow that occur In the arounng hibernator
fequre that blood flow to some nites normally at lngh perfuson rates must be
markedly redoced durmg arousal. The fnding in the present study of a large

of the arculation o the g i ! organs scems of speaal
*fuficance In ths connecson. The 15-tumes reduction 1n blood flow to the
¥t tsmlly recerving 15—20  of the cardiac outpat represents a major change
hd’tdrmhtwypnnan
Thtmmmoﬂmdcdgnnudubrmﬁthufmmumcwlhnebcm
®ameted to play s vatal role i the procem of hibernanon. Th  finding of
L moce than 5 tmes increase 1n perfmmon rat of ths twue in the arounng
2maly ag compared w th the awake animals scems ery unpartant. The
Bown fat in the scapular regson was shown m tha study to ha ¢ blood flow o
T than 150 umes higher than ordinary white fat (omental fat) In addition o
the rich vascular supply the brown fat 1 nichly mnervated. The obeervation
dn‘ﬂx[hmdlm rather madgruficant increase n blood fow compared
with the brown fat may be indicatve of a crucal rol 10 the aroaung procem.
Ther 15 yet no endence a ailable pertamung to the contral of the contpecuots
tnfty in Blood figw that ocaur during arousal from hibermation. The present
rmdumgymmdnuhcdungu o renstance to flow m the varfons
OgAns are set up locally The diference in activity of th  thyroed -enus the
brown fat which re largely suppled by the rame maln artenes soarves to
Wrntrate that iperimmc regulation of “mcular raisntance t the organ or twne
level o the probab! effector mechanbm for the great shifis in blood flow
The tremendous dufferences takang place 1n skeletal musel should prove in-
teresung from the pount of vaew of arterolar thunting mechanums. How these
looml changes 1n penpheral resistance arc controlled and monrtored by the
Dervows syxtem to  ccomploh the wnique procem of aroual from hibernation
i completely unknown.
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