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Different RNA Fractlons during Cell Growth and
Synchronous Division in Mass Caltures
of Tetrahymens Pyriformis

By
Eamx Crnproasox
Reeeived 3 Joly 1961

Abstract
Croyrrweon, E D@-ﬂ&\lﬁmwﬂmﬂﬂ
ckronemns dhcissan in mass cubieres of T Porifecmu. Acta physiol.
sand. 1962 5f I-8 — The celluler dovmoms n mam cultures
of the ciliate Tarah # GL were h throogh
beat trestment. At all smges of the eell cycle were Sound two metabob-

By a proper heat treatment according to Bontansun and Zevrmew (1934
1955) cell dividon can be synchroazed in mess cultures of Tetrabymena.
Sud\culunummminhkfwmadymgccﬂgmﬁnndneﬂdlvhoum!h
geoenal b Beyond the el of the variadon of the
nuclec acd content (Scnnmm- 1957) & great number of investigators bave
already chosen such synchronuzed cultures for studying growth and divison
In ths different rit iese xcdds (RNA) have been fracuooated
oulhcbamd‘dmrphyxlcodmmcalcblnamdawobuhln&umﬂm
on the vari: w bolism of RNA.

1820013 dcta physsol. round. Vol 54



2 ERIK CHTRITENION

Material and Methods

Three-day-old pure stock cultures of Tetrahymena pyriformis GL grown in protross
peptone medium were wed for Inoculation In 6 X 1,500 m! culwre flsk. To each
ﬁnkmnuhing450m!mcdhnnwncndd:d2mlu{lbﬂlocklﬂthBylhaﬂubg
temperature every 30 mm between 34 4. 0.2 Cand 29 + 0.2 C for 8 hours the cultures
were wynchronired (Scacxsavs and Zeomew 1955) Withdrawal of the mmple
vishing in botonic solution and immediate freering in solid carbon daxide have been
deacribed in an earlfer paper (Cimoroxmon 1959) A deflnlie fraction of the cells was
fixed In 0.5 per cent formic add for countuing

Foc halation of RNA the extraction with aqueous phonol according to haray {3836)
was ined with some modifications. All peeparations were made at 2—4 C. Three waib-
mygs of the phenol phase were made. The combuncd aqueoas phese was mad 2 per aont
with raspect to potamfum ncetate and RN A was precipated with 2 volames of ethanal.
Before being applied to the column the RNA was wabed 3 times with 70 per crnt
ethanal In some cass, when the free nuclcotdes wero desl ed quandtative the aqueous
phase was extracted 5 (kmes with ether To remove the ether nitrogen was hlown through
the solution and the aqueous phase was then applled directly to the calumn, RNA
recovered from the aqueows phase has been alled phenol-released RNA (PR RNA}
Recovery of RNA from the phernol phate was made with & slghtly modled Schmidt
Tannhauscr method according to Yauawa and Samatant (1960) This RNA has betn
called resddual RNA (Rs-RNA)

PR RNA mmpla coraponding to 10 milllon cefbs In 001 phosphate buffr pH
683, were applied t  Ecteola columns. Teteola Jon-exchange absorbents were prepared
sccording (0 P ramsax and Sosrx (1956) The reuns were wabed (horoughly before
we with | N NaOH followed by water and 001 M phosphate buffer pH 6.85 untll
the eluate was neutral. RNA wa eluted with & NaClgradient up to | N N CL The
Etter was allowed 10 flow down with a constant rat Iato & mixing rescrvor with 001
M buffer When the Na(? reservoir was emptied 1 N NaCl was pamed the
columpns antil the optlcal demsity st 260 my was o kager high. Light ateorbaoce of
tha efluent ll.:!m#mrmdcdrmllnuol’]ybylcmrﬂ:ud Uvlcond™ The
columns were of ted with incressng NaOH-concentration running into { N NaQl or
m some eaws wath 1 N NaOH dbrectly

The nuceotid  compomtion nﬂcr.]hhdcgndxdmth.SNkOHn!ST‘Gh‘
18 bours was determined by Dowex 1 (X 2 200400 meth) necording to Onawa,
TaxaTA 20d Horra (1958) Beforc spplication on tbe Dowex column the acdified
alkaline bydrolymat of dbonucleke  cids was fimt achorbed o charcoal and the mixed
mucleotdes recovercd by repeated elution with 50 per cent aqueous cthanal contalog
05 per cent ammoa

The rates of incorporation of P=O in the various fractons after different times of
exposre were determmed in dipping counterss 0.8 gC Pri/ml was sdded (Zeutben)

The nugars of the vaows fractom have been analyzed with the orcinol method of
Cemsorn (1953,

Results
In Fig | are shown the changes in 2mount of phenol-released and rexidual
RAA danng hest treatment and fint synchronowus dhvisen During the heat
treatment the resdual RAA Increases at fint rapidly but later more slowly
Amdhlmcmb:mdudngdnmmypa—iodﬂxtmmbcmdof
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17 myg BUAeL
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Fig 1 The varktion of total, phenok-relesacd, el et
m;ddmln,\a-zemmumu -
prowih and dormion, The hody 1 e
employed dirkng the baat trestment are re Tbonl” A
prescoed on the hortwntal axas  sexios of -
of firc "“Tﬁm 7
mexn vatne wcrs.
T o A
RNA was R
€0 wun in 1 N bydrochloric ackd at 100° C. r"z}"r;'r*rvrrr'-’n' ‘ w

Tme heurs

heat treatment and diymon) The phenokreleased RNA, on the other hand,
™ma to the cell mxc dunng the whole heat treatment. The
rexnlts of the total RNA are 1n agreement with thme of Scarznany (1957) but
somewhat higher

Fig 2 thov  the chromatographe patterns of the Ecteola absorption of
RMNA extracted by phenol (PR RMNA) from diffrent stages of the heat treat
ment and synchronons divenon. Two RNA fractions are obtamed designated
F apd F respectively Two peals before the RNA elution appear to be very
heterogencut. Analyns of the first peak gives endence of large amounts of
haoea, 5055 pgfml, but no ribose 1 found. The almorpton paxmuom 13
found to be betwern 280—290 mpa but the soloton o somew hat coudy Con
wcqoently this peak before the mit elubon may be regarded 25 & newiral poly-
mechande. F and F are duted by a gradient of NaCL Peak F conlsts of
free nucleotidas. Those are preferably snociated with sugar and de-
complexes (Loxon and Crnomeasox in pross) Fabows in most % wnpl
peak pattern. When NaOH B dded and the concentraton Is -

ly in the minng reservods wath 1 N\ CL, F s obtarncd =1 one

caxs where | N NaOH o applsed directly to the colomm a
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a1

t d, The chr phic pattern of { fias the same sct of peaks at

all stages of heat treatment and during synchronous division. When the aqueous
phase after extracton of the phenal by ether s applied directly {withoot
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cthanol precimtation) to the column, the same pattern of peain » obtained
with the exception that the nucleotide fraction, Fy, is more obviom.

The sugar compasiton of the PR RNA fructions from Ecteola etution s
indscated by the orcinol reaction, Fig 3 The colout formed by the eaction
of nbo has maximal absorption t 670 mp Increased absorption at about
550 m indicates hexose. From the alworption curves t can be scen that con-
uderable amounts of hexee are present in mitcluated fractions, Fy, F,, and
partly also n the alkali-eluted RNA, F,. The occurrence of a RNA-rugar
complex formation » indicated by Loen and CrmnTrsox (in pren)

The nuclect de compositlon of the different fractions 1 ahown 1n Table I
dunng growth and divinon. The R»-RNA h charscterned by a low content of
guanybe acid and differs in thh respect distinctly from the PR RNA The
uncleotde compontion remainy rather coratant in both RNA clamet duning the
cell cycle The F fraction hows an accnm lation of cytsdylic and ursdylic acidy

In figure 2 the optical denuty  t 260 mp is demoustrated a3 unshaded areas
for the different fracoons of PR RNA and the radwoactimty of PO as black
areas n the mame sernea. The remarkably fact that the label decreaser dunng
heat treatment n the F fracton o due 1o the comsumpbon of metbolic
phosphorus-mugar peesent 1n this fraction {Lior and CunwTEx@ox in prem)
In T ble II are presented the values for the distnbuton of actmty i the
different fractioms. Already after 15 min exposure R+RNA has conuderable
amounts of label contrary to PR RNA. The ratio between the speafic actties
of Rs-RNA and PR RNA decreases w th increased time of exposure durng the
heat treatment. A charactanstic wa ¢ of activity 1 met with just before dividon.
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Table I aler ratos tn fer coxt of t5¢ wxcheotides of te RN fractanss ot & Trrnt sesger

o 1—3 refer o diffrent wages curing beat treatment smd svnchr o Evrdon

(1) before beat creatmen, (2) aer the 4th shock. (3) after the th shck, (8 before divran,
(5) after frat rvochronoos divscn.

Fraction |c:,nd,n:| Memlc | GuxmbBe | Likhe

“Residnal™ RAA {Re-RMA)

1 18 a2 196 el
z 23 ne 199 s
3 -1 ns 186 -
4 [ 2 L9 X
3. n2 31 148 a
A coage 223 o0 0. =3
“Phenol-released™ RNA (PR-RRA)

1 197 s 2 13
- 196 193 23 bt}
3 "0y 2o .3 L3
4 200 Mt e 15
L 01 e o] 2
Average 0l hait s s
F 1-3 318 194 [{N] Rl
F 1% 193 bt s R 1
F 1-3 138 N ety 12

Tabls IT Distnbation ¢ P* i the &ifftrext RAA fiwctions, shen afl frapens are diluiad 0 1%
o

Staga Time cpm 10 maThon cells Speeafic acth ™
of of the Leteols cohrmn | cpm me RN\
expomre | fractom
mun

F F F PR RAA | ReRNA

After 4th shock. 15 36 ELS 1 m {0

After 6th shock 113 3010 719 A bl a0

Alter 7th shock 193 2,083 408 3610 RO e -

30 min, beforo divislon 300 1420 [5M] A0S e 10%

20 mm aficr dbslon 340 o2 663 415 171% 413%0

Discussion

By the pheno! method of hmay (1956) RNA free of protein 1 tele wsed in the
phenol aqueous phase, but, as ha been shown from the result of YA
and Satam (1960) and from this nvestignoan, a large amount [ the RNA
with & high turnover 1 lost n the phenol In d is reddial RNA an intimate
asmocistron between RNA and protein may exist rcame the RNA b repined
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by the protan denaturated in the phenol phase. As suggested by Yasaxa
and Smatam (1960) the mode of lmkage between RNA and protein may gve
mformanon abont the mechanmm that controls the mate of RAA turnover m
Living celb. A different degree of protein aswociation w th RNA I suggested
frem the results of Gouprrwarr (1959) In the ribosome frachons Evsox (1958)
has found & weak linkage between the RNA and protem. Such a linkage may
casily be dmocrated by phenol and the RNA will be released 1n the aqueons
phuc.lntbcnudcmumehymaAmnu.(l%l)hnhmdbycym—
chermcal means that RNA is d from tion after R\ase d
byndc-cﬁnkxgcmdcuxyxﬂnﬂudcclﬁdandmpm&mmmmcmuﬂ
with DNA may be of the rendual type, as the relative amount of Rs-RNA b
much higher in the nuclel, though both mucla ind cytoplasma yield Re-RNA
(Smarara & ol 1960}

A compamson of the nuclkcotide compasition of the both RNA clases, PR
RNA and Rs-RNA, shows that Rs-RNA has a charactersstic low content of
guanylic acsd. In the respect Re-RNA resembles a RNA fraction from nuclear
materal (Oxas A of of 1938) probmbly of nucleolar oogm (Mc MMasren
Kave and Tavrox 1938) As Tetrmhymena noclel lack nucleoli dunng the
log phase, onc mght be wnclined to suspect that the RMNA poor 1 guanylc
acrd m apocated with the chromann material (Aogers 1961) On the other
hand, It it imposzble to lJocakize the R+-RNA w0 the cytoplamm, becawse of the

ung amount of other RNA m the plazma.

The rendual RNA m Tetrahymena shows & decdine m the speafic acn ty
relative to that of the phenalrelcamd with increasing number of shocks, A
corresponding decrewse has been foand wath prolonged m vivo labelling of rat
ascates hepatoma cells (3 avaxa 1961) Jmt before divmon a raped merease of
Iabelling occurs m Tetrahymens. The almmt constant specific acthity of Re-
RAA during the laxt thocky suggests a exy low tumover at thn stage. Onthe
other hand, PR RNA shows a comstant increase durmg the whole heat treat
ment. Thn observauon seems o exclude the Re-RNA as a direct precursor of
PR RNA

The rendual RNA shows an merease dunng heat treatment that n cventually
retarded, Fig 1 As the volume, dry weght and deexyribonoclac aad content
of the cells doubl m amount during the mentioned pensod  Scarxyavn (1959)
when growth s continuon but no proliferation occurs, the concentration of
readeal RNA will fall 1a the cells. Thus decrease in concentration of the rendmal
RAA within the period of heat treatment corresponds to the observations of
Yarana and Sibatam that cell fystems i log-phase grow th, soch 23 neoplastic
cells and bactenial cells, sthow a decroase m the coatent of remdual RNA
compared to celb m a more reyting stage, Y auaxa (1961) The phenolreleased
RNA, n the other band, shows an mxrease m amount dunng the nhole heat
treatment (Fig 1) As has been shown by Y astana and Smataxt (1939 1960)
phenal-rcieared RNA 5 duplicated  t the same ume as DNA. This u also
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valid for Tetrahymena where the increse of the phenol-released RNA keepe
pace with that of DNA during the heat treatment, The increase in amount to-
gcthcvmh.mu-pondmgmuuuco{hbdlmgu(PRRNAmybcduew
an active net synthess. The role of the additronal amount of residual RNA
mmediately before divon 1 not clear Poeubly the Increased amount of
rendual RNA may be wed to stimulate turnover to any form of induced
synthens of specific proteins necessary to the mechanmm of division.

The varanon of the two characterisic RNA clawes during the cell cyche
syggests that the both classes have rather dstinct fimctions In the cell. Further
more, the more metabolic, R:-RNA, 15 not necesarily the immedlate pre
cunor of PR RNAL

1 wibh to thank Dr Exmx Zreraos, Insttote of Balogy Copenhagen, ko hir kind belp and
vahnble sdwce.
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Tactile Pathways from the Hindlimb to the Cerebral
Cortex in Cat
By

U Normsrir and P v oomrAorve
Recchred 3 July 1961

Abxtract
Noxzxau, U and P\ oormonve, Tatile pethrays frem Do kind

exxller than those medmted fa the dorsal columne.

With the aid of cortscal evaked potentiak, Momrx (1955) and Mazx and
Srno (1938) demonstrated that 1n the cat cutaneous impabes from the hind
Limb to the semsary cortex are pot conducted excluvely $a the deral columm
but also 111 & pathmay whichio its spinal course 1 Jocated 1n the dorsal part of
the lateral funicke (I abo Gazx and Goxpax 1935) Moaox found that this
pnlhny Tomed bct\ctnC,lndand.,linc:lﬂcrkdmnmlh medical
war obseried 2 the lazeral corvical nuckens
(Morm deE.ouu 1555) thrs nuclens was suggested to be a relay station
before the croming and subscquent adjourung © the medial lemneecus. CATALAXD
and Lavarcae (1957) made amilar findings with pathways ctnvated by cota
neous -olleys fram the cats forelimb

In the present imvestgadon t has been thown that in the lateral fumicle the
effect o0 cortex i mediated by a pathway recendy described by Lixoaxno
nd Oscanmox (1961) This tract 1 located m the most donso-meduml part of

Prescot addrem  Department of Pysiology Unn ersity of Leiden, Hollusd.
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thorws the oprizmal rrcortung sl for potendak
o simulation of the Convenlineral Mndimsn, A e e
clana. B adein aratis. O, maeum bateralic D et maprasy i
E, mabern coromain T sodcom preaytriun,

the lateral funicle but does not belong to the dowal spinocerebellar tract. W th
clectacal sumulation 1t o monotymaptically actwated by impulves In large

K sard it is sdequately actrvated by tactile stimuh from smalf
recepuve flelds. A comparison hiay been made of the cvaked potentisls in the
firat soroatic sensory area contributed by tius pathway and by the dorsal cof
umns,

Methods
Can anserthetized with pentobarbstone sodium aid paratyred with Flaxedit (May

were exposed for stimulation and contalned in s poct of warm mineral ofl. For sdequale
skin stumulation all muscies swere denervated except some at the hip with as smafl skin
memom and x hitke raooval of basr ay porible, The stimulator m thiy cae wy a small

fed with the pulte froen an ordinary simulating vnj A papes fube finihed
ofl wath a sporgerublier knob was fastened to the lowdapenker membeane  nd 1be knob
brought ontact with the hair tipr. Thus the sdequate stimulit coukd be linked with
the owclloscope merp  nd superumpased revords be taken,

The eveked potentials were secorded from the ©Xposed senmory-motor CoRex cootrR-
faterad 1o the umulated leg The cortex wa covered with warm mincral o} through &
beutng asrangement ket prcoxdmat y  body temperature The recordiog wa made
with & ulver ball chectrode agamt n indiffesent dectrode placed b the teoporsd
muscle

The pinad cord was exposed At Jow thorses level and the evoked potenval wes e
orded from the optimat corecnl rea befor and afier metion efther of the dorml colusns
of the abos  mentioned tac ke prihway 15 other experbments the ventrad funkcle contra
ttermit he w mulsred undhimb was sertloned m G,

When further ontral of  fewon beaides that provaded by the clectrophysiotomoal
techngue was deured the ord wan fixed 10 per et formafl  Serial sections %4
thickwer  tw th e frrexsng techque o p phed ur 4 at bow magrif
ton.

Results
Owmg t the rest o A the evoked potrnual techmique and (o the un-
cestainty of the exact natur A theae potentials we have [ m ted ourselvey to
caminog the  tul urlace post ve primary roponse {ff Wooury 1947
Cuaxo 1959) W have meas od Iatenciar from the shock aetefact 1o the onact
of the tual postiv ty but not attached mued importance 10 varlanons i
arnplstude ax the nature of the laster  rauch moee diiflcuit to snterpret.
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Tabie I
Prep. mo. ruu:ml anm Latrney froo shock artcfact

uhnhtcd mnzd of cvolxd potential

xrec,
Spimal Dorml
cord eoturms
atact laserrupsed.
1 Noth 10 10
Lper. 1 105
2 K. dh n7z 12
N per. s e
3 . ub n n
Nper n 11
N eor 1n 1
4 it 118 133
prow n 1
5 dnt. 132 132
prov 133 135

Optimal cvoked potentiah have been recorded from a rather mrrow stp
mtuated medially on the ponterior mgmowd gyrus (Fg 1) corrapondmyg about
to the lindlimb representation in semory area I (Aoriax 1941) The second
sensoTy area was not recorded from. The perves were stomulated at a srength
of 3—6 times threshold. The largest p ials were cvoked from the super
fieral peroneal nerve bat the potentials evoked by perve stmulation coald al-
mat never compete 10 uze with those evolced by adequate stimulaton. The
superficddal radial narve was somctimes strmulated as & check on the condibon
of the cortex after lesiom m the cord large evoked potentmbs could be recorded
from n area iightdy rostral and Iateral to the optimal hindlimb area (¢f
Apaian 1941)

The Latency of the pamary surface pentive potentiabs were measured before
and after mterruption cither of the dormal columas or of the tactile tract 1n the
Lateral fumcle. The results are summanzed m T blea T and IT

In 5 cats the dorsal columns were cut afier mapping the optimal cortical area
forlp\mmmulmmdllhtlprulmrdlnmlnlhrmaurﬂ\ttrnnhm

m two cats ad 1 wa wed. There was no change
lltrncynﬁcncamnd'ﬂ\cdotnlmlmm (Fig 2, D E and Table I columns
3 and 4)

In 5 cat the tactile pathway was cut ostead after mapmng w th wtact spunal

cord. Penpberal nerve simulaton was wed m 3 and  dequate stmulation in
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Telk It
Prep. po. Periphersl  Adequate  Lawency from thock artcfact
noree dmudator 0 oot of Initlel posduvdy
mivolined  utltied of evaked potential
e,
Spina Skln
cord ernct
tetact Laterrwpaed
& K b 23 1”2
N per a3 154
N nor ] [t X3
’ N per D 13
5 N per [ na
] diet. 16 s
prox. 113 ”
19 prox. 10 13

2 experiments. When the Jenroas were made 0 this sequence there way always
a latency prolongaton that was abgut 4 myec when adequate sumulation was
used (Fig 7 A, B and Table 1T preparations 9 and 10) and slightly above 2
mscc when perves were sumulated (Fig 3 A, B and Table IT prepamuony 6
7 and 8) In order 1o interrupt the tactile tract & small fewon was made i the
most dorso-mredial part of the lateral funicle (Luwpsero and Osarsson 1961)
For control mass docharges were recorded Afterwards from the dissected
domal parts of lateral funicles rostral to the besion and the effects of vollnys
I cutaneous and muscle nerves were compared on both nder. Luwosrre and
Osamssy (1901} have thown that the tactide truct contributes to the steeply
rining munoynapucally transoutied part of the mas discharge evoked from
skin nenes (Fig 3 ) In the expenment of Fig § thi component s mhung on
the leswned ude (recurd G) The condstron of the more laterally loaated doral
apsnocerebedlar vact {DSCT) can be exsnuned oo sumulaton of muscle nerve
{Laroxre, Linoarrc and Owcansson 1936 Lutmaca and Oscamston 1961)
In the experiment of Fig 9 the group [ DSCT ducharge in the lenased funick
1 shightly smailer (record H) than on the other nde (record R) but the tract
1 far from being nierrupted

Alter sectian of the tacule sract and the domal columns no evoked potental
could be recorded in the fint somatic sersory arca (Fig 2 C Fand Fig 3 ©)

In two caiy mass ducharge evoked on stimulaithan of cutancown ncrves were
recorded a¢ the € level fom the dusccted dormal colurmns and the diected
dorsal part of the Iateral funscde I the latency difference n the cvoked poten-
vals trapumticd via the ( 0 syatems was cawsed by slower conductron io the



TACTILE PATHWATS TO CERENRAL CORTEX 13

'\r'vaT)

n;"\;f G ®}\ LA@«.‘"&

m
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Lt.p. Record A mmm&mmmmﬂnm-mhmm
of the left lateral fosacke at low thorad kovel and record C fver further interrop-
Dmd' Sonal columne i the mree dnd.
I Record D waw obtaiserd wich the spinal cord latact, recard E after imterropoon of the
cohamas at Jow thorscic v ol and record F afier  forther beslon n the dorso-medial part
o(lbehnuﬂﬁnﬂtnﬂ;:-mtler
drewing abows the extent of the hotion sefSckent t sterrupt the tactlle tract,
Bln:ldoudnr»cd:od

NV

Simec

cem AL b\
ANAC AL

2maec 20msec
Flg.3 Records A—C Evoked potutmls recorded from the nght area I on cttmalasion of
the keft ner  The records were obtumed A the samal cord
Pafer  Lomon in the dorso-medual dhmwﬂﬁﬂknhmhﬂwm
C after farther mierropocs of the colwmen a1 the mme
Recorch G—h were obtamed t twp o m&mmmwmdmw
fmudies of both sides om srmulatan of husdbmb perves. The
m:ﬁwm ‘Tght superficial peroneal, ldnm-m;,mrum
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A ﬂ4‘\h-d.hd:u§?emhd
8 widation of the -.upua‘:

smeasured in 2 Jarge number of records, two of which are illustrated 1n Fig 4

Momx and Tuosas (1955) and van Beuxexou (1955) provide anstomical
evrdence for the continuation of the tactle tract centrally 1n the ventral funicles
after {ts croulng to the contralateral side at the C—C, level and Catatawo
and Lasarcrie (1957) provide some electro-phyuclogical evidence to the same
effect. To eomplete the invesugation of the spinal course of this pathway we
have also contributed te the solutron of this quesuon. A lesfon in the ventral
Sumele 1n the upper G sex ) J 1o tle lated perve wa
sufficient to prevent cutancows impulfses outude the donal columns to reach
the fint sensory area. The potenual in Fig 5 record C, was evoked on stimula-
tron of the left superfiaal peroncal nerve after the darsal columny had been
cut in Th and disappeared after a further lewon 1n the night ventral funscle at
C, (record D) On the other hand the potenual evoked on sumulaton of the
Jeft radial nenve (record A} remained after the lesion a3 would be expected
snce the donal coll still were Istde for impulses from the forel mbs
(record B) Fig 6 flistrates & simular experiment in which the two halves of
the an mal were compared invtead of effects from fore and Jundlimb

]
C D ’.b’
nnitmgived
10 msec

S L okrd pariud rroordd from the area 1 on stumulatsn of the b
ﬁalwﬂqAM&MhHw&ﬂw’ﬂdvﬂ Cod D Keord A and U re
olxalned afur the doral s Lad ber aterrupted st mdtmraoc Incl and Band D afir
a funber fadon of the b enmal fuack i the upper et of the frvt corsoal spment of
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Fig 6 Excird recorded from (ho beft ey wrea [ At D, and the cight moeory
EtwH A, G, E and G were obtained after intermuptson of the dora! colume

Jevel and records B, D, F and H after further transetion of '.h.:ﬂ.m entral
Ia the art of the fire cervical seyment. The extent of the lesion b the venml
h Ta U drawmg

Discassion

Our roults confirm the eardier finding that In the cat tactile impulses can
reach the corebral coctex via a spinal patirway in the dorsal part of the lateral
fumcles (Bfomw 1955 Mlanx and Strpax 1938) Impubes tranwmitted in th
pathway reach the fint semory area of the cerebral cortex and though ¢t hay
not been investigated here prenmmably also the second sensory ares (¢f Momoe
1953) Qunude the dorsl columns thh scerm to be the cnly fast pathway for
cutaneous Impubes from the cats hindlmb to the sesory cortex a3 far as can
be ascertaned by the evoked potental technrque.

The present experments have shown that the respomsible spinal pathway
is the tmetile tract descmibed by Luwonexo and Oscanmox (1961) This tract
islocated oth most dorsomedial part of the lateral furuele and 15 monosynap-
teally activated by large tactile afferents and tx cells of ongin are located in
tho dorsal horn in prowmuty to the doral root entry (Eccims, Ecoixs and
Luwppzro 1960) Preliminary experiments indreate that thos tract teminates
palaterally 1n the upper cervical xgments wut recordmyg has been made from
tsaxom 1n th low thorace region and thar level of tamunaton was assumed
10 be at the most rostral level from which they could be sumulated antidromscal-
ly (Lowprrmo and Noawsrrr, onpubluhed) These findings are in excellent

with Mormy s that a relay occurs m the lateral cavical
nuclem. In agreement with Mo we have abo found that in the further course
to cortex thert v crommg in the upper cervical region and it bas pow been
demomstrated that after armung the pathway 1 located entirely in tho entral
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funsele. These findingys in Ion with the [ findings of Momxe
and Trouas (1955) suggest & three neurone pathway from hair receptors of
the hindlimb to the 1 | ventrolateral thatamic nuclein,

Of the two patlways to cortex the one utilizing the tactile tract in the Iateral
fusmcle 13 faster as was revealed by latency measurements after section of either
pathiway with eectnaal sumalation the mean difference was slightly abore
mecc,mlsfomdby\humdSm(lgsﬂ) and with adequate tactile

the mean d. L the two pathways to cortex was about
4msmAhhougbmthclhudcﬂhal;cgmcntLhed.ischﬂgelndthcﬂl
funicle precedes that in the dorsal columns only by about 0 75 mec (Fig 4)
it s nevertheless posuble that the above menuoned Iatency differences of 2 and
4 mwec are due entlrely to condnction to the cervical cord. ZotTersax (1939)
and Hoer and Mclwryxe (1960) have shown that tactile stimuli activate po-
mary fibres withm & wide diameter range ¢entral tranamisdon of a tactile volley
may not only be dependent on the fastest fmpulses and 1f 30 the delay in the
dorsal columns may be conuderable while axons of the second order neurones
of the tactile pathway have & high conduction velocity (Lirvosexg and Crcaxs-
so~ 19G1) that will move than counterbalznce the time lost 1n the extrs relay

Our interet in the spmo-cervico-thalanuc (Money) pathway way prompted
by the finding that the tactile pleang reaction m the hindlmb of the ot dix
appears after lesons 1n the doro-medial part of the lateral fumicle (Lu~osero
and Norseir 1960) Control expenmments revealed only a munoe damage of
the pyTamudal tract and 1t was nuggested that the loss of tactile placing was
due 1o interruption of the described tactile pathway A further investigation
ba shown however that tactile placing is unimpaired afier a Ieston in the con-
tralateral ventral fumcle in C; which interrupts this pathway m its further
course 1o the semsory cortex. Thn finding Is not compatible wath the suggested
role of the tactile pathway as the exchnrve spinal afferent link of a cortscal
reflex (Luwpxrrc and N\orxserr, unpublished)

Tho work was mpperted by grant from the Faculty of Medieine, Unn enty of Lued Oor
o PN mas mungon £l dbyibe Jan D Techmo! suswaace

was gren by My B Ezom amd Miw Karov Esxanow.

Refcrences

Avaiax, . D Affercn discharg=s o the exrrbrad cortes frum perphersl oo arpaes J Piael.
(Lond. 1381 169 13919
Presxow € T an Fibre anabyss of be antersor and latersl funseuli of the cord m the @t
(Thom) Lot Edoard Idpo N v 1985
Ca atano J V and € Lassncwe, Central paibwsy for cotanrous bmpulses m the A
J Pl 197 15 11— 144
Conso, T The evokrd potrminln Handtook of Phywsl Amey Pyl Sw 134 S L
Vel I 45317
Forris, § Co R AT Ecctes and A, Levpaeaa, Typ of acaruncs m and arousd the mirt-
eectinte swhus of the hiombecacral cord, 7 P! (Laod ) 1960 157 $3—114



TACTILE PATHWAYS TO (RREBNAL OOXTEX 17

Guzz, R.ML and G. Goznow, Bome cleervations on the centra) patinway for cotaneos lompaiees
tathe cw. Quert. J e, Physied. 1988, 40 187184
Hevr G G and A~ K. Mclrrraz, An anatyms of fibro diameter and reccpeor characterivocs of
aficrent ftwes 1 cat. 7 Pyl (Lond ) 1960 S52 89—112.

Acte physial scrad. 1936, 36. 175187
Linomcas, A och U Noarsi, Spimal affcreat patbway of the tactile jiacig reaction. Ex
orlmiia (Baacl) 1960, 26. 123,

Linomas, A. and O Oucaxmos, Three sscending spinal pathays [n the docml past of 1he
tateral Smirulin, Aca pirriel, scmed. 1961 51 116

Maxx, R, F aad | Greoom, Cortscal projection of iaepulacs in mrpebmated cutaneos afferent
aerve fitves {the cat. 7 Plosiel (Lond ) 1950 142, 344582

Moary, F A now mpinal pathay for cutanoom (mpalsce. dewr 7 Phyvisd. 1335, 143 245
252

Momry, F and L. AL Trireas, Spinothatamic fibres and tacrile patbwsys in cat. Anet Arc, 1935
121 3

Wooust @ N Patkerns of sensory represniation In the corrbeal cortex. Fed, Proc. 1947 6
437

Zorrax Y Touck, prm xnd ckfiay- An cectrophysological ke othmtion oo artancom
scomory nerves J Phumi. (Loedd) 1899, 95 128

21023015 Acta phymel scand Vol 3+



Acta pbysiol. scand, 1962 54. 18—~29

Fmtk%phyda&miome:hlmnm:d’l\lﬁotnldea,Sund
the Department of Hygaene, Univentity of Gotebory Goebory, Swed::m

Distrfbution of Extra and Intrathorade Pressure
Variations in Rabbits Exposed to
Alr Shock Waves

By
Carr-Jonax Cresnoso< and Awxe Joxaan
Reerived 7 July 190)

Abstract

Corsaoea, C. ] and A Joowow Dutribetm of scire- and iatre-
therary presoere cariatwns o rabbits spased to my shock w stes. Acta phyaiol.
scand. 1962 5/ 18--79 — Rabbas wer  exposed drecily and
exord rabbit and calfl lung after mountmy in & pube guide system,

) 1 hugh axploan  am shock waves m a detonation chamber The in-
adent shock w enwtl]nd:ermmmqprmmmtpmrm
were rrogeded by means of
umultareon! ml}rhmg!,mlbebanrcmrkltl,wludrhttr
oatal musculature of both ndes of the 1boras in the m ruw exprrie
mtats, and ummrdnteh before aod after 1he pamage of the lung

agxion of the mom pant of a prewure pulic 0 the funy grnenally
wat found t b of the order of 15 1o 30 mfce. Thr vedonty of thr

thragh th | o pd not m the thorade wall structures, which have

much highey tanmoneoa  coan The oy low intatbomoe
trammnsica ooy indicates that 1 an ammal, whith it expoed
frech o and rngulfrd tn the thock wa  the main resultng pres-
sarr wa b nu propagaied thyough the thanx from

trathoraoc forces
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When & lining body b txposed 19 the shock wave from & detonating bgh
explosive, the crivea! pathok 1 lewnns csused by the shock
mmmlﬁmlzdmtln}ymdxlmp.&:mdlﬂ) 1hese Sexdors will
induce varwm phystologrenl changes dicited through vags! reflexes. The true
mnmufthtbxomzdnnhlwmuk:dmgmxh:pnhxﬂurydmgcmnﬂl
eventially upknown, and, thevel: plry
\hchnpnctofthzd:nd:nttonth:thmu-ud\hempwdnndnpuhd
dntribution of the resulting external and internal focces are of great mterest,
In carfier vesugations (Cirurrsox and Prroessow 1956 Croarmsox
and Jovuox 1961 b) it b been found that the very steep frunt of the intaden
shock wane, the rse hone of which » much few than one gee, afier having prwed
the Iung, has been converted to & graduslly increasing peexnre with @ o
tme of several hundred pwce. The peak prewure b reduced,
and due w the dampmg properties of the fovgy il the soall apd avd It
regulsr prasure varmpons, whch sre bund I the ongal shock wave carve
are miuing o the presure curve.

It has been shown eaber through dworcteal comideratons {A\arioox
1810) a3 well sa by expermuents (Caxewert. and Prraar 1938) that the veloc
iy of sound m 2 liquid contalning gas bubbles is Jower than m the com-
pounds of the twophase system. The tedoary & dependest on the refanse
proportioas of the gay and Bgerd present, but foc & wide range of conditsons
it was found 1o be moch lew than the cloaty of sound m dither the gas or the
liqod separately I the same applic alio to the sr-containmg lungs, thn
must be of very greas wnpocfance to the propagation of prestoce palies and
to the dmribrdon of We forces in the thorax, when the body 1 expesed to a
shock wa e. In a reeent publicason Duww and Fur (19653 ha ¢ calculated

the sound propagation veloaty m aocmal hing Game by vung
the refection cocflicdent for vltnoone energy and the dentity of the fung

e, Thes caleulation gave the value 650 m sec. There are, howerrr reasons
o asume that the veloaty of the maun pert of a shack ave pencrated presntre
pube may differ conaderably from that of an ultrasome wave.

The present imvatigaton was uodertaken & th the alm o dewemuse the
veloay of peesmure pubes camed by hugh explosive ar shock na ain the lungs
and to study rthe wmporal and rpanal dotribotien of the Trviung presure
mude the thorax.

Materials and Methods

The mareriale wed o thn mudy were rabbits with body wegbn vanying betwren
and § iy &».,mppmhwy-qauurmm:msw‘mu
cred jurwgy of rabiaty xnd cale. The rabbinn were ancrbetized by towe mrtra cnouy.

of urcthanc, the dow gnen bomg abom 15 ¢ kg body mewhit The gadses
Pgr were anertbersted with  sochum mebwmal ereihaoe mexture contasning 04 g
metnal, .0 g vodsam rocbuanal snd 125 g srethane per 100wl The anexbhetic was

“

|



§

§

Nursber of leucecytes per mm?

|
o ll l I! I !n 1 ] \lu

o $H UH 20 4D 8D 70 (1]
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and
mowsc, (Schermer 1954.) -

When 35 yg per gram body weaght was given as a nngle dose to adult
male mice the mitouc Index of the bone marrow was raned from }8.0 to
30.5 /ue 24 hours after the mpection, the corresponding values for the prophase
numbers being 18.4 and 399 %, rap

Fig 3 shows the eflect of the injection of estradiol upon the number of
different white blood cells in the make mice. A drop isseen in all types of white
cells afier the animak had been given the estradiol injection and the normal
value 15 not restored unul 9 days after the injection. In the reuculocyte count
no noticeable alteraton was observed after estradiol admanistration. From that
one may conclude that one single dose of estradiol does not have any effect
upon erythropoesn m the male mice

When bone marrow froen male mice was cultivated sn vitso, the mitouc
index was slightly raned when the tinue had been cultivated for more than
7 houns. The me in the mitouc index however which was due to sn increase
in the metaphase pumber was hardly sgmficant

When the bone marrow was culthvated 1n a medium contain ng 1 45 per
ml an mmercased mutotie index due to an increase in the prophase number
was observed. The mitstic  dex, which tn the bone marrow of newly killed
anmimals was 17.5 /4, was rased (0 31 /o0 when the tinue had been eulovated
1n the astradsolcontaining medi m durmg 7—8 hours. The prophase aumber
had men from 105 to 19
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¥3g 4 presents the mitotic sctwvity of bone marrow culthvated 10 a medsom
contammg 10 g estradiok per ml From this dmgram 1t B seen that the ine
cremed ymouc index depends upot an moresse in the metaphase number
i a metaphaxe block o olwerved,

Discussion

VWih regard to the guestion whether there & real eell multiplication
follen ing extrogenue mBivence, the anthor’s reuls from the in vivo experament
confirm the results obtained by Butiovon {1940--48) The morense obwerved
m the Wrtote index depends upos so ncrexe in the prophase navmber From.
thes resmle §r can be soncloded that there o a rexd mutohe actomtion, It b
Inown about most mitots-mbibeting substances thae they bave effect ether
upon the h avmng & ph block, or wpon the
wmgshnmmlcx{hmdwmknndd(ml%n In the tomucn
mestigated heve it was the prophase nomber which was increased, and no
necrotic nockel were seen smmnedately afler the ertrogen-fnduced mrtotic
acnwty bad marted. A resd cell maluplicanon » abo niggesied by (he cell
mumber of the uterme eplthelium during estsus and after estrogen admmus-
wauon. Thes results seem to be ontradactory 1o those chtmed, by Dwandie
{F95.) The fact that she was not able to find any increase i the DN A-co

v
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of the whole uterus after estrogen stumulus docs not exclude a eell multiplication
in onc of the tues of this organ. In connection with the Investigation of
mtasis 1n the bone marrow 1t nught be of interest to sex whether there uany
correlation between the Increased mitotic activity in this tiwue and the peniph-
cral blood picture. The result from the experimental serles performed for
thrs purpase 13 not sufiaently clear to settle this question. The erythropocsis
did not secem  to be affected and the sharp drop m the white cell count may
as \1:]1 bc an umpcc:ﬁc strem effect.

& well as x hormones cune a
rulmitouc acﬂnﬂan,lhemgmomonuwhmpvmlnvivo Aarery, (1955)
on the other hand, found that estradiol caused a metaphase block in sea
urchin embryos. Therefore the question ought to be ralsed as to whether the
estrogens act in another way in vitto than in vive The author has not been
able to sec any inhibitory effect of estradiol In vivo, 1n spate of grang un-
physlologically high doses. Not even Kuaxe (1950 1951) giving still higher
doscs, obrerved any deviaucn from the normal mitouc activity The roults
from the authar’s in vitro experiments, however show that estradrol in fow

loe: has a nmt lating effect, but inhibits 1 high concen-
Lr-rjon. A metaphase block was observed when lhx: concentration of artradol
in the medimm was ten times the i fon. Aomeit

(1935) found no mhtotic activatron when using Sow mncmmmom of estradsol
m the cultvation medum Ths may depend upon the fact that he used
early embryos, and in such matenal the mstoses are at maxmal frequency
and no further actvation 15 possihle. It may be mentloned that the radlts
from an Investigation of the cffect of estradiol upon regeneration of plananan
worrm performed by Aorert and Wouax (1957) indicate a mitotic acthvation
a3 well as at the same time & ¢ mitotic effect It scems that the in viro cffect
of estradiol upon mitoses may be an activating one when low concentrations
are wsed, and an mhibitmg one when high concentrations are used. A speaal
e 1 the embryonic tisue which seems to be refractory to further mitote
sumulus,

The reason for the fulure of estradsol to Inhibit mitows in vive may be that
1t s raprdly metabolized in the organism and that the metabolle products
are less estrogenic than estradiol (Pascxss and Raxorr 1930) Estradiol B
found to be mactvated in different orgam especially n the fiver (Herrer
1940,

Au)olhcrquauwr, finally i whether estrogem have the same cflect upon
genral and non-genital ussu and whether the farmer effect is only an ac
centuation of a general growth-promoting effect. Some differcnce In the
effect of these hormones upon the two kinds o{unuuuntulgalcdhmhat
been observed. The author found that the resp: to

a arﬂzrmlhcboncmurwdunhmdmxhcuxcr{ncrphhrhm
Durmng the estrs cyele the icreased mitotle actrvity appeared doring df
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&mtp&mdmmmmmhmemmwmw
in the two kands of Gooe wis the duration of the Increared mitoue activity
Umndmlm;mtnmfmtnrmammdfm&\cmn,‘hemiwﬂcumt
thus mduced o the bone marow pawed after 48 bouns. However when
P E. P wa given, the mitotic Index and the propbase number were high as
oo as the vagmal smears contained cormufied cells, 3 ., about 10 dayn In
the utrnae epithelam, however the Ineremsed mutonc metvity did net o
to last any Jonger sfter admimstranon of P E. P than after that of entradinl.
The differcnce in the duration of the response to P E.P o the bone marrow
and in the uienne epitheliom may depend upon the fact that the awrogenic
Dormoner sumulate ceil divinon in non-gemtal teres but In genital traues
il drvwmon & well a1 cell differeniiston b stmulated. Dasson (1952) hay
$ovmd a coralicrable ncrexse m the RNA-content of the ntern afier endog
enom o cogencn estrogenic stmntos. Farther growth of the differeny celt
organelles of endometrial cells was obwerved, which at lat ted to a breakdown
of the physiological balance of the cclh. For that reason the tugue becomes
nterods some tme adter the nerexsed mutotic activity has stasted and con-
wequently the mitotc activity it incerrupted.

1t & not fully known bow the etrogem sffect the temues. Buitova (1950)
& of the opinion that estrogems act 1 two wavy By foreing wore cells nto
mitoses and by thorternng the time for each mitose 0 be completed. He
explamns the effect first mentioned in that the eytrogens actovate the mechaniym
for the counnce of glucose fnto the cell. This the celly would get the energy
necenary for the vartmg of mitoses, To the latter cffect he 1 not able to grve
sny explanaton.

Acwes. and Presox (1936) have given another explanadon to the mitosis-
stomslating s well as the hibiting cffect of extradiol. They found
that extvadicl camed the DNA to become scparated from the protem, and
thia be mave exposed to the action of DVA e, The inhibitmg effeet should
be patticularly marked 1n embeyonic celh which have muck cywoplanmc
DrAL A trerkdown of this cytoplasmic DNVA may be followed by a destrac
unn of plaams stoctures among them the sster sod spundle, In adult thanes
where the cells do ot contm w0 much cytoplarmuc TNA, it might be that
» small pact of the nuclesr DA may be weparnied from s proten the DNA
dmb@ambgmmiymbdnad.!umxmyutmygaxmvhdm
of the DN\A synthes with s pomable cell mul A a

mewhnumdabmcwcmymdnd:thnﬁwwnscmmmm
genital and non-gematal tomues and orgams m different wayy. How these hore
mones &3 well ay mowt other bormones acy st the ceflalar leved & still ohacure.

The author has found soroe differencr m the acton of cxtrogens i vivo and
\nmm&mco(d:zkypodmmmcmodedwdmofmmgmm

been related, and the anthoe b mied to docos some of the contradictory
revulty oby d by dfs it

g
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Observations on Anaphylactic
and Componnd 48/80-Induced Hi: ine Relenne from
Guinea Pig and Rat Lung Tissue in Vitro
By

Bexrit. Dawant
Recehved 4 October 1961

Abstract
DIAsAXT B. Odsercetwns o4 mwaphy lactic el swpoond £ 8]30 sadwood
Kistamnint (o o rot bang ticcwe w uire. Acte plrydiol,
sl 1962 55 1123 — The effect of anygen Inck on smn

fntutxnon, provided that the nenbation {phoepbate y
was devot of ghacome. In the presence of ghaoee, this Inhibition wae
g roing of glicose, Under

hbgcnauﬂy-smcd\huamphyhmkkkummkucamﬁnm;ubm—
g lung tanse molves energy liuon iy bared on
the fndingy thar exygen leck (Paxmor 1992, Mmuwg and Scrnp 1937
Croaxeataxsy 1960 Movssatcrd and vaam-rDum 196G Y amaraxy,
Bluracka and Exno 1960) and inhits d yistion (\oxuax

awd Scmp 1957 \ouwarct and Pwvc(ermxr!Bﬁa) depeem wnn
phylacuc release of stamune. Thee findings bave been interpreted R
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depend on intact oxd. metabolic pathways for the cnergy production
furnishing the anaphylactic histamine-releaning reaction in the guinea plg

In contrast, both amaphylactic and Compound 48/80-Induced hntamine
releasc w rtys from rat lung truue was reported to be umnflnenced by oxygen
hack (Caxmavaxty 1960) This suggested that the energy production could
be furnnhed anacrobically in this specres. In support of thus hypothess, Ciacma-
vaxTy (1959) put forward the observation of Diamant, [ ¢, that as long a1
the incubadon i d glucose, the hi tne release elicited from
rat lung tinue by extracts of Awens suus appeared despite oxygen lack. In the
abeence of glucose, on the other hand the hntamine refease was markedly
intubited (D1asarT 1961) In the rat, glucose and oxygen lack were both found
to have a umilar effect an hustamine release, as well as on mast cell degranuls
twn, when dicited by the polymer amine, Compound 48/80 (Dramart and
Uvris 1961)

In the present imvest] the phyl h ine releate o e
from rat and guinea pig lung timue bhas been studied with respect to the effect
of glucose under aerobic and anaerobre conditlons. Furthermore, In order to
evaluate the varying remults reported In earlser nvestigations as to the effect
of oxygen lack, anaphylactic histamine relexse from guinen-pig lung tosue hat
been compared with that clicated by Compound 48/80 from rat Jung thwue In
different Incubation meds.

Muterial and Methods

Guines-pgy (male and famle, 250—350 g) and mts (male and fomale 200—300 g}
were leed by injecton of crystallized egg albumin, Guinea pigs were Injected sub-
cutancouly with 0 1 g and intrapentonealty with 0.1 g, followed 3 day Iaterbya s c
inpecton of 0 1 g Rats were mfected 1. ¢. with 0.1 g of cgg albumin, together with ) o
of I pertuins vacane (2 ¥ 10 bacill' per ml) followed 3 days later by another & &
injection of 0 1 g of egy albumin. The sensitired guinea-pig Jungs were wed for w 1ibe
ansphylactic reactiom 323 weeks afier the fist senaitinmg dose and the pensitbeed
rat lungy 3—8 weelo after t.

The lungs of the senmtized ammals were treated sod incubated a3 described [n detadl
earller (Dusaxy 1961) with modifications according to Duasant and Uvis (1561)
In the cxpermments wher  the effect of Compound 48/00 was in estigated, non-seratared
rat humgs were used and treased by the same method

Two diffcrent sl thors were used for preparation and incutavon of the 1 ng tlwuc
(1) A solution (denoted m the following a1 phospbat  bauffer) containing NaQl (134 mM)
RCE (2.7 mM) and CaCl, (0.9 mM) buffered with 10 v/ Séremen phosphat
(67mM) The ual pH of the phosphat buffer ranged from 7 1 (o 7.2 In the simgle X

te. (2) Tyrod solution containkng “NaCl (137 mM) hQI (2.7 mM) CaCl, (1.8
mM) MgQl, 6H O () 0\ NaHCO (119 mM) asd N H,PO H O (B4md1) The
[mtial pH of the Tyrode wl tion ranged from 77 to 8.3 in the slngle cxpenmee

Ncither the phosphate buffer nor the Tyrode sohstion contalned ghucose L ¢ dorfox
peeparancn, the ung trauc wxa ueated with P free solution in all rimen
The mtcrval betnern nacnificr g che amal and the Incubution of the Tung Lo

amounted to 1 1/2—3 houns




Sportancoos Listamine reom

Q, T ghucoee N, 4 phocowe | O N
Rat 80+ 059 (10) | 66040 (13) | 67£033 (13) | 701 043 (1)
Ouiacspig 1toele (9] 13200 (9| 10200 (4) | 101013 (8

Tn soxnc experiments m which the effect of phosphate buffer and Tyrode solution on
‘hirtamine release was nvestugated, the Lung tomase way cut into comrse pacees in physiologre
sodium chloride sohution. After thorough miung, 1t wes divided fnto two parts by
weighmg one part wa then treated  od meubated in phosphat buffer and the other
in Tyrode wtntion.

The gascom phascs wed during incubsbon umsally coosisted of commereally pare
‘oxygen or mtrogen. In some expermments, however ga mixtures composed of axygon or

wmmw)hmmh.ﬂmmwﬁmammm
fluidh, their pH was Iy Al of saby given
mdxlmrduwthcﬁmlunmmthnmdxinmhﬂmﬂmd.

Hisamne was smryed oo tropemred guncs-phg houm. At beast 4 sing! contractons
of cach mmple wrre compared with  known hmtamine dihydrochlordd  saluton. In
random sxzrplcs, mep ty mbiblted the i

Unles oth mated, the ine release way in % of the otal min
content of the lung tmme. The amount of hitamine found i controls without anbgen
or Compound 48/80 (denoted a3 spontancoun histamme rebease) was deducted from all
values given in the text.

Rasults
Spentancens hitamon relsase from guines-pig end ot bung tisoe
The spontancous hotamine relense from guinea pig and rat lung tssoe in
phosphate b ﬂ'crund.:rlhcmﬁmofuxygm,mﬂ'ugmmd‘iuccneuﬂm
in Table I “o between the hist release under the
various metabollc conditions was observed within the same species. A ngnificant
difference was, on the contrary noted in a comparnon between gumes-plg
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depend on Intact oxrd bolic pathways for the energy production
furnuhing the anaphylactic histamine releming reaction in the guinea-mg

In cootrast both anaphylactic and Compound 48/80-induced h I
release e ortre from rat lung towue was reported to be unmfluenced by axygen
lack (Ciasmavaxry 1960) Thu suggested that the energy production could
be furnnibed anaerobically in this species. In support of this hypothess, Criaxea-
varTy (1939) put forward the oheervation of Diamant n s that as kong i
the incubatran medi ined glucese, the hi ine release elicited from
rat lung thsue by extracts of Asens sas appeared depite oxygen lack. In the
absence of glucose, on the other hand, the hrtamine release was markedly
inhibited (Dramarr 1961) In the rat glucose and oxygen lack were both found
to have a simular effect on hytamine release, as well as on mast ccll degranubs-
tson when dlidted by the palymer amine, Compound 48/80 (Dramawt and
Uwiks 1961)

In the present investigation the anaphylactic histamine release e rsm
from rat and guines pig lung tmue has been studied with respect to the effect
of glucose under acrobic and anaerobsc conditions. Furthermore, In order 0
evajuate the varyng results reported m earlier vestigations as to the effect
of oxygen lack, anaphylactic histamine relegse from gunes pig lung tissue has
been compared with that elicited by Compound 4880 from rat lung thsut in
dufferent incubation media.

Material and Methads

Guinca-pigs (malk and female, 230130 g) and rats (male and fermale 200--300 g)
were scnsitired by myection of cryrtallized cgy albumin. Gumes-pigy were inpected rub-
cutancously with 0 1 g and intraperrtoneally with 01 g, followed 3 days later by 83 ¢
infectron of 0 1 g Rats were mjected 5. ¢ with 0.1 g of egg albunumn, togetber with § mt
of H partasds meeme (2 x 10! bacilli per ml) followed 3 days later by another 1. €

Jection of 01 g of egy atbumin. The sennitized guince-pig huws were wscd for w G
mpbwhclxmmom&—{imh-ﬁnlhcﬁm-mﬂmingdmc,nndzbemdrd
rat lungy $5—8 weeks afier ft.

Tbelunpoﬁbenmuscdmlmahmunudlndbcub-lcdndmnxdlndﬂﬂ
earher (Drouaxt 1961; with modificatioms sccording to Drawast and Uviks (1961)
In the expenments where the effect of Coatpound 48/80 was investigated, non-scntized
rat lungy were used, and treated by the mme method.

Two ddferent solutionn were used far preparation and incubation of the lung twic
(1) A sotutron {Benoted m the follow mng as phosphate buffer) contatmng N G (151 m31)
A (2.7 mM) and CaCd, (0 9 mM; buffaed wath 10 v Stcrmacen phosphate buff?
{67 mM) The 1n tal pH of the phosphat buﬂ'cu-.um-v:ll.'nc-n7|m71imbedmkf"n

te. (2) Tyrod sal ton containiog “aQ (137 mM) KQ1 (2.7 mM) Cac, {1
M) MgQl,, 61,0 (10md  \aHCO, (11.9 mM) and AaH PO, H O (Q4mM) The
slthl pH of the T Tode solutson mgrdﬁm77mﬂ.’£nlbedngltﬂprriﬂ!'ﬂ“
eltber the phosphat buffer nor the Tyrode sl bon contained glucowe L ¢ durmX
Wdcn,lbehm;mwnunredhlh Khm&mmlmmhnﬂrrpntm‘lb
mlnurrdbﬂhcmgmﬁnmtbeudmnhuﬂlhehtuh\hndtbemuﬂ“‘

amounted to 1 12—3 hours
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Tebls [T Anephylactic kistains reloae frvm puirse-pig heng Hion in phaghhaty bufer wnder the
s 4.:,,.,.1:-@-.-1,.-.@(55.1\1) um.a.-uq-uhx.f

total csowing comirnt, Sponiomeons relrese deductrd from oll volms. Brocksied fgures dmets the

SH of U planphaie befir oficr incabetion.

Exper-  IoialpH Hisammo relessc

ramt oo, of

phate O, + glocwe O N, +ghocoee N

1 71 %7 (68) 70 (78) 202 (88) 00 (10)
2 72 239 (69) 193 (71) 234 (89) 03 (1.0
3 72 45 (69) 251 (7.0) 260 (£8) 26 (70)
4 12 %1 (69) 87 (71) 72 (68) 17 (10)
5 72 ’1 {69} na (10) HS (88) 79 (7.0}
[ 72 9 (69) 18 (73) 162 (69) 03 (71)
7 72 6 (69) 114 {71) 163 (69) o4 (71)

Mexn and sandard N3 £28 128 24129 20+ 11

Sgmficancn of diffcroses of mown P=0800 P-083-001 P- <0001
from O, + ghucome (f tex)

Tabls 1T Effect of glucwsr (5.6 mA) on amaphy lactsc kastawrima release fram ret lomg tiseme ta
fagpheis befc mdir wirepen. Histamow relsess compuiod i % of iotal kistawos comtind.
Spenenans relacss deducted from all saters. Bracicied fiperes dousts the pH of the phasphats befer
aftor mcmbal i,

Experiment Tmoal pHof Histrmmne relonse
oo,

phosphase
bufler N, + glocoes N,

1 72 04 (1.0) <40 (1)
H 72 n3 (1.0) 00 (7)
3 72 140 (69) W (70)
‘ 72 292 (69} 11 (o
s 12 03 (6.9) w7y
Mean 281 <Ll

pig lung trsue are given n Table II Hammme releste was found to be optmmal
under oxygen In the presence of 3 6 m)M ghicose, amounting on the average to
32 %, of the tom! histamine content. Under axygen u the absence of glucose,
21 4 was reicased. The histarmne relesse under nittogen in the absence of
glucoe averaged 2 % of the total hetamine content hmubcdmza%by
addrmon of 5.6 mM glucose. Table 11 shows, in addition, the significance of the
differences from the optimal hotamine release (1. ¢., with exygen and glncoss)
The pH of the phorphate buffer before and after Incubation with the lung
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oo ron

tsue mdalhevlrlomcxpcm-nenmlmudmmuhuhorcmrdcdinTnka ln
every expermment, the decrease in pH of the phosphate buffer after incul

was somewhat greater n the presence ofglucmc Thuy, the pH was mu:llb
0.2 units lower than that of phosphate buffer incubated in the absence of
glucowe.

The effect of 56 mM glucose on the histamine release from senmtized rat
lung thwie under oxygen Iack is shown in Table III (5 eparate experiments)
The average histamine release amounted to about 1 of the total histamioe
content in the absence of glucose, as compared to 25 In che presence of
glucose The fll in pH of the phosphate buffer after incubation was slghtly
greater (0 1~0 2 umits) in the presence of glucose than in 1ts absence

The effect of different concentrations of ghreose on the anaphylactc hrtamine
relense from guinea-prg and rat Inng thsue in phosplate buffer and under
axygen lack s abon 1 n Fig 2 The hutamine release increased progress ey
with nung glucose coneentration up 1o 2.8 mM (0.5 mg/ml) in both specws.
An increase in glucose concentrauon above 2 8 mA! had no greater effect on
htamine release. Judqing by the curves in Fig 2, 025 mA! (0 08 mg/ml)
is about the lowest concentration that would produce an apprecuable increase
in histammne relense 1n both specics, as compared to that o mtrogenated buffer
without additron of glucose.

Efect of sizem miragon cobom diexide and glacese on oxaphylactu hislemne relpase
from gumea-pig teng s ond ox Componnd 18 $0-uadweed histaminc releese from 1ol
Bong lissvr 1 phasphaie baffer emd Tyrede selniion

There is a consdderable dncrq;uncy btt\.crn the data gnen by aros
authors on the mnhib of naphyl ine release under oxygen lack
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Table IV Efect of egpen hack o aneplpiactc Kistomine reisex from scuswized haeg tiome et
reperied w sarlicr Ixcestigations.

Trveipwor Species  Incobaton  Giocose Hisumine Teiease uader

edlun prexcitlnlo-  anygen bk

cabation
i

Pasnor (1947) Gaines-  Tyrods ? IohRion (no values

mhaon giren)
Moaax o Scxap  Oxines-  Tyrode 56ml 7Y (mope 653 % of
(117 g achation Mitamine relense In gern

ted mediam
Caaras axry Guines-  Trrode 5.6 mAl M—29 % of haamis
{1%60) Plg soktion relesse . oxygenmed
mecdiuen

Mocuarent sad 0 % of kitemine relemse
Paoyoar-Daaoy Guncs-  Ringer-Burron 0 i oxypenured
(1968) g winine
Y. Aomacka hrelm Ringer 0 0 % of tocal histamine
wad Exoo (1960) g sofumn conteme redesacd
Crammavaxrr Tyroda 3.6 m31 No Inkiblrion
(1960 Rat salunoa
Penoual commomicabon.

Earlier eports on the effect of axygen lack on the hixtamine release (rom wen-
dtired guinea-prg and rat lung timue are summarreed 1n Table IV

ltunb-:-cmdutmphylumhhumlmmkuc[mmguiuupnghmg
thaue was n letely and vanably inhibited by oxygen lack in a mediom
contalning glacose (Tyrode sotution) Tha b in contrast fo the complete inhibs-
on poted m incubation nredm devold of glucose (Krebs-Rmger and Ringer
Barron sotution) It is abo evident that th  hoamne refease from the sensntized
tung tusue of the rat — unlike that of the guines-pg — was found to be un
inhibted tr Tyrode solution, deplte ovygen hack. Craxmavaxry (1960)
alw reported that Compound 48/80-induced hstmine release from rat lung
troue 1n Tyrode sohuton wa wnmfluenced by exygen tack,

I therefore conndered t of interest to invartigate whether the varying effect
of anoxda on hetamine relexse in Tyrode solution observed in earler studies was
due (o the glicose present, or whether some other factor might be involved.
Comequently it war decaded o p the histamine release 1n phosph
buHcrmmeymdeuduum,mudamm}n(e!bedﬂmpmdudby
the incobation media,

The effect of 3.6 mM glucoee on the snaphylactic histamine release from

lung twue under oxygen and nitrogen in phosphate baffer and
m Tyrod solution I shown in Fig 3 In oxygenated glucosecontaining
2623013 A ta phyriel. scend. Vol 33 :
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phosphate baffer the releate averaged about 37 & of the total histamine

both cxygenation and nitrogenation of the Tyrode solution during Incubation
raped the final pH to 8.6—8.9

It Is evident that the difference between the histamine release in the tho
incubation medm was negligible under oxygen 1n the presence of glucese
In mtrogenated glucose-containing Tyrode solution however the histamune
relcase markedly decreased, s pared to that in phosphate buffer under
equal expermmental conditons. Tha difference b further shown in Table V
which gives the mdividual values in 5 cxperiments oo the histamine releawe
from sensitized gumen prg lung tmue under oxygen lack in glucose-contaiming
Tyrode solutron and phosphate bufler respectively together with the pH of the
incubatian media before and after mcubation It 1 scen that the histamine
redease 1n Tyrode solution ranged from 10 to 63 of that in phosphate
buffer in the variow experiments. This o in contrast to tbe wmall vanaton
withm angle experimenu (exp 4 and 5 Table V) The pH of the phosphate
buffer which was rtially 72 1n all exp fell duning fon to 68—
6.9 In Tyrode solution, on the contrary the pH rosc to 8.8 in every experiment,
despite an jnutial range of 7 7—8.3

It Is obvious from the reports of \ovoar and Samnio (1958) and Ciraxxa
arTY (1960) that anaphylactc hustamune releasc from gumea pig hung
thsue 15 not optimal at pH 8.8. Theae workenn wed Tyrode soluton as
fncubatrion medium when studying the influence of ovygen lack on lustarnine
selease, Comsequently changes in the pH of the solution towards the alkal pe
side due to the experimental conditions mught have olncured the troe effect
of oxygen lack i these inmvestigauons.,
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Tabls ¥ Anephriacts Milawoer relsax from peimcepip by tusme sitropen o e ourid
Sfir and Tyrods solatiom wt 1he preseacy of placese (56 mM) lrm- omcpatod 2 %
dwi&anmmmmwfndmhu.&-huﬁ-u&
ks the S 4 Lhe sobutions gfir incubation, Fukial pH of wecwbation smoia, oo iphots bufer 7.2,
Toresds selstion 7.T~8.3. }arkatrons tx histamine reicass in double ond triplhe 2ts are shocrs (cv-

n{—mld!);x 100 denotes My reiewm m Tyrode slmwa compuisd w % of
Hhat ox pryphats bigfer

Experinost Flataelne rejosec

»a.

Phomphurie bafler (A) Tyrade sbution (B) B
a
I 163 (69) Al (emy 23
2 Us (&8 218 (88 63
3 272 (&8} ol (L) 3
%3 (£9) {L4 (a8
)
4 o1 (68) 28 (&) 28 (a9 i an
200 (§8) 74 (88)
5 16 (&8) {lﬂ-l (69 12 (&8} {‘.5 (an) 45
119 (&8) 15 (A8

In order to text ths hypothess, the pH changes of phosphate buffer and
Tyrode soluthon (imtial pH 7.2 and 7.8, respectively) were finst studsed in the
abaence of hmg tsue, after exposure to oxygen and nitrogen with xnd without
€O (65 ) for 33 mm at 37° C. After exposure o oxygen and nitrogen
without CO,, the final pH was 7.3 1n phaspbate buffer and 9 | in Tyrode soba-
uoa In the presence of CO the pH fell to 6.5 in phosphate buffer and to 7 |
in Tyrode soluvon, both with oxygen and nitrogen. In the abserice of fung tis-
nte, addtion of 3.6 mM glucowe did not mfluence the final pH.

Ta view of these pH changes, rat and gumea pig lang thwue, respectively
(pooled from 35 ammals) was divided 1110 two parts, One part was prepared
and weubared 1n Tyrode slution, and the other in phorphate buffer Nitrogen
alonc or & mixture of nitrogen /93.5 );ndCO.(G.S‘/)vumeddmmm;—
bation, m order to achieve anmoc It 15 a5 from
Figs. 4 and 3 that in ghicosecontammg (5 6 mM) Tyrod sofation both ana
phylactic histamine reloase from guimea-peg hung osae (Fig 4) and Compomnd
48180-induced hitamine relesse from rat lung timue (Fig 5) were markedly en-
hanced by CO umder oxygen lack. W thout CO,, the final pH of the Tyrode sobo
tron was B.7—39 10 the presence of COy t Fell to 7.5—7 6. In glucose-con.
talung (3 6 mAf) phosphate buffer on th other hand, GO mstead induced s
decrense in hismamine refease ay compared to that under mtrogen without CQ,.
In bmhﬂpu'nncnu.lh:ﬁnn]pHo(LbcphO!Phn:buﬂ'amﬁ.QuhhomCO’
whereas t Fell 10 86 in the presence of COy It B further evident that, in both
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Fug 4 Effect [ and f (935 %) + CO (63 %) on anaphylactic histarine
nLt&omguhi-thlhmlnS } (55(me')* bffer and Tyrode
sotmtion. Mean vakues [ dauble teats In one experiment wre shown. Unehaded blocks: antheen-
induced histaming refease; ihaded blocks spostancous hisamine relewse The final pH of the
incabation medlum is grvcs bekw cach block: Inital pH _{lmcubaton media) pheaphaxe bufke
7.2, Tyrode solution 77 Histamlne release competed 1o % { ot | histamine content.
Fig 5. Kffect fftrogen and [ Hrogen (93,5 %) + CO (6.3 ) on Compomnd 48780-Induced
%m&m‘;tl friy] .4%) ¢ (’;)Sm.l t:;rr«nd
‘yrode salution. Open circles ¢ indvidual valoes | tw experieents. Unabeded
blocks Coampound hm;E’m g

48/50- hic
spontancons hrstamine relesse (mean value of test) The fmal pH 1 the tacobatka
medlum b ghen bekow each block. Imtml pH of. tlon modia phosphat buffer 7.1, Tyrode
solution 7.4, Histamne rehoase computed in % [ total histamine coo ent,

reactions, the histammne release under nitrogen in the absence of CO wma
markedly mhiluted in Tyrode solution as pared with that in phoeph.
buffer

The cffect of CO {65 ) on the histamne release in axygenated and mitro-
genated Tyrode eolution in the presence of glucose (5 6 mM) ks shown an Tig 6
(antigen and guinea-pig lung timuc) and Fig 7 (Compound 48/80 and rat
lung tisue) Under mitrogen in the presence of GO (pH 7 7) about 25 of the
total histamine was relensed from the lung tsue; by omutting CO (pH 88) It
decreased to about 6 in both experiments. Under axygen in the presence of
CO (pH 76) about 31 9 of the total hntamine was rekensed 1n both exper
ments without CO (pH 8.6) the histamune relense decreased to about 8
in the rat, bt was almest uninfltenced in the g ea pig (about 27 )

Discussion
The present investigation has shown that under axygen lack, the anaphylacue
histarune refease from both guinca-pig and rat hmg usue depends oo the
ghucose prosent in the inculiation medium (phosphate buffer) This can be €%
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Fig. 6. Effert of onygen a5d natrogen whth and withoat CO (65 anaphy ectic
rdtmﬁmtmm:h e (umln'rymt.nhnm_rmd
shaded bocks gpoal The Bwal pH of the
Tyrode skt fs phren below cach block. Indtial pH of Tyrode sobution 7.8,

pluncd an the that phyl hi: ine release 1ovolves an
:nu'gyhn:qulﬂ.ugrmtum'l'h:rmlu bave shown that histamne relesse ean
occur without aerobic metabolic reactions, mdicatmy that under axygen lack
glycolym 1 able to formab energy This 1 in good agreement with eardier find
mg on the hotamine release from rat lung tisue, when indoced by Ascars
extract (Duasasr 1961) and Compound 48'80 (Diasaxt and Uvdis 1961)
Under oxygen, the amaphylactic hiramne release from gumea-pig lung
tissue I abo enhanced by glucose (56 mM) although the increase o fem pro-
nounced than onder axygen kack. A pomible cxplanation of thu effect of glucose m
the presence of axygen bs that the store of energy yiekding substances 1s diminzshed
by the experimental procedurey, bt b refilled by the  dditon of glucoe.
The hitamne-releanng reactons putiated in amaphylams, as well as by
the synthetic and br logwally occwrnng hutamine releasers 5o far tested,
thu might mmalre an coogyrequrmyg step. Whether th step & com-
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mon to all these histamine releasing systems is 80 far unknown. In favour of
ruch a hypothess v the good agreement in the dose—efTect relations between the
anoxic histamine release eliated by the different agents and the glucoss con-
centrauon. Farthermare, the same concentration of phlonirin was found o
cause about 30 %, inhibl of the anaphylactic h release from guines

pig lung towue, as well as of Componnd 48/80-Induced histamine release from
rat lung tisue In mtrogenated and glucose—containing phosphate buffer (Dia

MANT 1960) On the other hand, ecrtam differences have been noted. Fimmtly
there Is 2 quantitauve difference betwren anaphylactic hstarmine refease from
gunea-pig lung tiwne under axygen and nitrogen, respectively in the presence
of 56 mM glucose, This bt In contrmst to the histamine release from rat Jung
tisue induced by Compound 48/80 under aimilar experimental conditwons,
where no statstical difference was present (Diamant and UvnAs 1961) Second

ly a qualitative difference was observed between anaphylactic hatamine release
from guinea plg lung timue and Compound 48/80-induced histamine relexse
from rat Jung dmuc under oxygen in the former rexction, glicuse could be
replaced by sodium succinate, whereas 1n the Latter sodium sucainate had no
effect (Drauant 1960)

It 15 not yet known whether these findings are due to species differences (u
suggested by CaaRmAvARTY 1960) oOr to differences in the reactiona fnvolved
1 ansphylaxs and Compound 48/80-induced histarine release (ar suggested
by Mowoar and Scinp 1957 and Movmatcut and Provotst Daxox 1957

}onduebuhorgmnc-plgarpenmcnu) A posidble way of solving thu problem
would be to perform parative studies en phyl. hl ine release
from rat lung tsyue. Experiments of this nature are now in progress.

When companng the histamine release induced by antigen from semmitered
guinea pig lung theue and by Compound 48/80 from rat lung tisuc in phosphate
buffer and Tyrode soluon respectively 1t was found that oxygenation s
well as nitrogenation, raned the pH of the Tyrode solution to 8.6—8.9 in the
presence of lung usue. Gassing the Tyrode wlution 1n the absence of lung
tismue shifted the pH even further to the alkaline slde (pH 9 1) The lung tusue
1sedf evdently prevents the pH from rinng to the expected value of 91 When
buffer solutson was simularly gasmed, the pH rose from the Imtlal 7.2 only to 7.3
in the abscnee of lung ussue. In the presence of lung tisue pH values from
6810 72 were recorded. It i notable that the range of the valies obtaned (in
the proence of hung tmue) and those expected (:n the absence of lung tieue)
was of the same order n the two incubaton media used

An additonal finding was that in the presence of 5.6 m\ glucose, the fina!
pH values were 0 1—0.2 uniy Jower than in the absence of glucose provided
that lung txsue was present dunng incubation (Table ITand I1I F'g 3) This
decrease in pH produced by the presence of glucose was noted under both
oxygen and nitrogen, and b most Lkely due to the formation of lactic nad
through the breakdown of glucose in the Iung usmue,
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In the presence of 5.6 mM glucose, the anaphylactic hrstarmne release from
guinea-peg lung thsue, ax well as the histamune release Indoced by Campound
48/80 fram rat lung towue, vas found to be markedly inhibted In nitrogenated
Tyrode salation, as compared to the values m pbosphate buffer under id 1
conditiors (Fig 3 4 and 3 Table V) Thh inhilntlon of histamme release in
ghucose—contuning Tyrod  sotation — which in the case of anaphylactc release
from guinca-prg lung himae ranged from 37 to 90 4 1n 5 exp. — is suggested
o0 be due to the induced alkakine pH. Thh is enidenced by the finding that
gawng with a muxture of mtrogen (93.3 %) and CO (65 4) istead of nitrogen
alonc had a markedly activating effect on both hustamine releanng reactsom,
with-umcmunﬁﬂhpﬂmammphyiobgn]ln‘d(ﬁg45ﬁnnd7)

Another tvabl lanation b that thrs activath release
i1 due to the CO per s¢ It was, however fmmdt.hltwhcnﬂ)cnm:mntmuf
nitrogen and CO w‘lslntdinghﬂl:-ccmmnmgph:pbﬂtclmﬂ':r the hista
mine relcase was markedly inhibi pared to thatin glucose—contalning
phmphxmbuﬂ'crgn.-cdmlhmungmnloo: (Fig 4nnd5) Thu!:nhﬂimrycﬂ'cct
of CO ontheh ine release in gl buffer might
be ascribed to the fall in pH to 6 6. In both histamine-relessing reactsons, the
aho ded 1n gh hosphate buffer gamed wath mitrogen
and CO (pH 6.6) were of the same order as those 1n glucose-containmg Tyrode
solutson grased with muogen alone (pH ~ 8.68)

The effect of GO (6.5 %) on the pH and on the histamme relessc was further
stndied m d and d glocoee: g Tyrode solution, as
shown in Fig 6 (antigen and guinca-peg fung tiac) and Fig. 7 (Compound 48/80
and rat lung tmuc) In both experiments, nitrogen alone induced a pH of 8.8,
whereas m the presence of CO  the pH decreased to 77 Under oxygen alone,
the final pH was 8.6 w‘llhlﬁllto761nlh:prcl:nc:of00..lnboﬂ:hhtxrmn:-
relensing reactions, nitrogen alone produeed an of bt release,
s compared to the valua recorded in the presence of CO,. Oxygen alone had
an inappreciable effect on the anaphylactic histamine release from guines-prg
lung twrue, when compared to the values recorded 1n the presence of GO,
This Is in contrast to the effect of axygen akme oo Campound 48/80-induced
hustamime release from rat lung nwue, which was Inhibnted to the same degree
a3 under nitrogen alone.

The dicrepancies in earber reports on the effect of anaxda on histamine-
releasing reactions with the we of Tyrode solubon were tentatrvely ascribed to
the varying presence of glucosc in the incubation medium (DiamanT 1961) This
explanaton cannot, however be relevant, nnce personal communications from
Craxmavanty (1961) and Scoin (1961) disclosed that the Tyrode sotution 1n
thar expermments always contamed 56 mM glucose. The precnt repoct
d imtead why a diff 18 present between anaphylactic histamine

rdax&mnnllmngdme,vknlh:eﬂmc‘wygcn;ﬂnnutdnhmgmdon
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are studied 1n glucosecontaining Tyrode solution Apparently Compound
48/B0-Induced hitamine release from rat lung tissue under oxygen (pH 86) i
inhibited to the same degree as under mitrogen (pH 8.8) Anaphy lacuc histamine
release from guinea plig Jung tsue under oxygen, on the other hand & caly
slightly affected (if at all} ar pH 8.6 whereas under nltrogen (pH 8.8) the
release 1 inhibited to numenically the same degree a3 in mat Jung tisue.

The reason for thes difference between the histarmne release 1n the two systemy
tested under axygen at pH 8.6 1 hitherto unknovn Further investigations are
needed to determune whether it is due to & species difference, or to a dufference
between the mechanisou of anaphy lactic and Compound 48/80-induced hiita
mune release \Whatever the reason may be, this difference has obscured the triee
effect of nir m earher investigations performed in glucosc—containing
Tyrode solution,

The present report shows that when an incubation medium s wsed
(phosphate buffer) of which the pH 1 unaflected by cxygenaton or nitro-
genation, the anoxic expermmental conditions induced by mitrogenatron cawse
a pronounced inhit of anaphyl hi; release from both gunes-
pig and rat lung timue, Moreover this inhibitlon can be counteracted bn the
pracnce of glucose in the incubation medium,

Fancal support for this from Svemka k for Medscintk Fonkning b
grarcfully acknowkedged.
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On the Reversible Extraction of Bromsulfalem
{BSP) in the Liver

By
Bo Noxstxo Axx Sexwve and Gorax Winnnaw-Ouusan
Recened 18 October 1968

Abstract
Nomrrao, B, A Sevane and G Wanasn-Owumov Ox the aeers-
e cirachwn of browesulfalen (BSP) 12t fher Actx phvool, scand.

1952 A3 2634 — Through s chargmg of the ver of dogs » th
i N Maletn and 1 «
with sngle does of inactive brocuuifafein @ u sbown that the
abeorption of brarsuifalen from the blood s an pparendy revers
ible proces. The amoant of bronuulfaion g en off by the bner
to the blood comttfiutes  contderable fraction of toorbed od
tmnsmmied BSP This n cakeulated wath dafferent metbods from
th anafyueal  alus for hlood aasmples from the portat vein and the
isolated branches of the hepauc eimv

The wie of bromuulfalen, BSE for the tesung of the hepauc funciion i
an ymportant wep 1 the disgnom of cuvhoss and simibsr condiions. The
intespretatian. however by no means gulte cleas In the retention ot
secording to Rowrsniear and Wuree (1925) the same aoswer wmay be obtained
i dafferent wns, wht b hao fed MacDonane {1529 1o iniroduce w worcnficd
cearance s, which may sustal Iy be read and eporied as the fint hatflile
for the concentration n the plasma sfier & wngle njcetion The halviag time
a3 & entenon of the functional sate f the brver preaupposes that the extracuon
in the fiver s proportional to the plasma concentraton of BSP ¢ that the
pereentual extracuon {the extraction factar) 1s conmant In chrical clearaner
meanurenents one doey centamnly frequently gev a toganthmcally decrendng
BSP-concentration tn the penpheral blood. But in measurements o0 evher

2%
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dde of the liver VETTER & oL (1936) adducey & constantly decreasing extrac-
tlon fattor wnd m experments on sabmall we have made the same ob-
servation alter angle doses of BSP (Aspexsex, Norarzo end Sexeo 1958)
In the Iast mentoned work the pomibility that a certaln proportion of the
BSP of the Ever—cefls return to the hlood duning the pasmage through the Iner
is adduced as an attempt at expl The ction factor
hﬁtnthcu;nﬂibdmvﬂncﬁrmpmcmmpmxnthuibmnnmpt
10 prove the abore hypothess.

Methods
Animel Echerimemts

Expahncnuhnhu:nmrkdumondopmmhcﬂmﬂwﬂh!%mhmllnwda

b catheter m the talioon and from the cusheter m the portal vew.
1 order to try to show the yickd of BSP also from the hver to the venous hlood the
Beer was Grot MSousked BSP sapplsed by (he Radio-

tn scrum war to 8rtromox, Manrxo and Donsoe

ol & ned fint 0 Dorar (1937) throogh wet
d‘ﬂm\dﬂ:nh.ﬁl:lodlnd the
o Mmpﬂmﬂdﬂm proc-muf-uﬂ'\mclr‘d.

o

s0d wed
window ke flow coanter (\udc-r Meanwementa Cb. Pmyotﬂmﬂ Caum‘:-‘m(:m
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Table I Champes | specifc actinty  portal and Aepatic blosd during beomsaifalers charging
Selbwrag loading of the bier itk redSeactss bromoslfalen, Mimms radioactt
bromsxlfeler do moowm for sacrcase s specific achory iadiceted in best txe onamoxt

Exp. no. | Carge Time | Sper, acdeity Muniowom wdded g
froem. cpe/og BSP CE.B5P pev myg total
fnfection

Ro. o BSP/iy win. Portal Hepatie | Fortal Hepatl

600 406 1 3 mectire - - - - =

It 3 835 - -~ - - -

111 3, inmcive 3 1.6 1,900 It -

¢ 2,50 2750 008 am

4 2,650 351 nie a1

6048 I 21, 535 - - - - -
n 306, inmctive 3 402 0 - -

] sH a8 oot 0!

4 2.1 L1 o0t

Xy {1 &1 83 - - ~ - -
14 27 tracure t 10 2530 - -

7 1a% 7500 0 LX)

10 11000 200 S 06

It 44 haactive 1 1A% 10 - -

7 15 4170 023 any

10 4+7%0 470 030 o

woms |1 a3, 535 - - - - -
134 16, umeth 3 1440 1480 - -

g 1,706 1318 e o1

s 4,000 34% a2y o

i LY. 6340 a3 4%

it 34 imacth 3 1.0% 10%0 - -

L) 1310 9% T4 08

14 3430 4220 013 o1

23 1700 4,100 a6 0.1

verter FOG 14 Thss 7 mgement g about 133 ounts per scond, eps pet sanono®
(10 € Mihoush the bypgest aliquat was 0 15 ml serum, conerponding 10 dev
waght of ouly 10— § ma  notceable setf-abacepron w obrained ro & conuderable
number of casy A3 00r ma ther was pouw‘ydwnm;mzbquidmumtw
coumting the Getermina son  tte natend performed accord ax 1 Jrray v 3o
andd Jx xps (1960 when no sgmibrant sclf teorpions wm almeryed With an TA
Fleciromes Lid. Sanullation Counter N 66+ A w obtained on 6 erage 703 P

per nanocar
Hematornt was meanaed a0 ordimy t Norszeg and WAk £ (193.)

‘The plasrax  odwne was d rrm ned after the BSP injrctiom or mmmmz
of experiments, nrmuliancoust w ¢t the sceond dose of actn BSP w th the belp
l-albovain (Amersham
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Tble IL. Experments 5 ix Table I i (5 aneiber bromsslfulchn proparsiwe.
Lequd xcizt: llation comntmg

Coarge Thme  Spec. activity Mistawmm fraction
Exp. 20 of BSP ra EUSP

]
1
i
g

Ingection
Ko  mg BSP/ig mm  Pomal  Hopate  Portal  Hepade
emr 1 45 53 - - - - -
e 171, inacive 3 248 14150 - -
[ 122% 20350 am 085
14 - 0,100 - [i85]
1 16400 31400 .06 (A1)
s 1 133, 813 - — = - -
o 105, mactive 3 760 29300 - -
9 29,500 34,200 [iX: -3 o
12 w0 41300 003 010
18 44100 45800 (A} o4
bite 17 inactive 3 000 22,600 = -
[ 0,600 1,900 o0z s
18 4L700 36,200 an 0o7
€L 1 167 833 - — - - -
n 275, inactive 3 7450 12,300 = =
10 19,600 19,800 a0 0.06
16 16500 25,200 (Y an
24 ™00 32,000 ol a7
m 183, imacrve L) 13400 20,200 - -
12 13,600 pea i) om o0
13 17 700 24200 o aes
p) 7400 24000 a8 oo
Results

After chargmg the hver with radicactive brommlialan to provoke the
relesse of labelled bromsulfalem from the Iver sngle mjectiors of mactive
bromsulfalen, referred to a3 challenge expernnents, were carrded out. Two
diflerent preparetions of radwactrve bramsulfalem were wred. The fint sexies

ux challenge experments oo 4 dogs and b prescated in abrldged
form in Table L Seven were carried out wath the other
preparanon, 5 of these bemg presented in Table I The tables give the dase
of twormeulfalemn tn mg per kg body weight for each charging experrment, s
well a3 the specsfic actvitia calculated fram the anatytical valuey in hopubes
per sccond per mg broosulfalein m pernpheral blood, represented by the blood
samples from the poctal vean and m the blood from the Bolated hepatic van.
On the awumption that the speafic actrvity of the bromsnlfalem of the Lver
a1 the beginning of the challenge experiment i the same a3 10 the radicactive
prepamanon wed (for the first series 10,400 cpejmg for the day to whach all
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Table I Excess output of radioactisity in hepatsc Hood colculated from moen lier plema fow

and extraction facker Excess suiped is mg swelfebramsphiaicin/min, baced on acty

of 116,000 chsjmg im the Liver i wicly

A. Lxp. 60122017 liver plasms flow 187 mi/odn, extr factor (8%

R Exp. 610,317 11 plarma flow 71 ml/min, Extraction factor decreasing from 61 ta 10 %.

C. Exp 610317 111 verege plomma flow 74 ml/min. Extraction Bactor decrexsing from 31
o I3 %

Tima Plaxna radiosctivity Toal sctivity output Added Added

from  cpefml In milfioa coumes sctivity  BSP
injee million g /rmin,
ton  Portal Hepatic Calculated | Found
min from portal [ln beputle
blood value | veln bood
A 3 3257 1182 0.803 130 0535 45
6 3,6m 8470 0.860 1583 0723 €3
1o 6,865 7,902 1050 1400 0.4%0 37
13 7183 79710 1100 1450 0390 34
16 6,607 &410 1.013 1570 0353 48
24 7,031 2493 1073 1290 0318 43
B 1 30,583 16,582 (1222} 1163 (L3383 wm
4 24315 18,728 Lot 1330 o029 158
7 051 1177 1292 1303 oz 182
1o nIs 19,908 1412 1419 o [4
) a 2 24,57 42,250 0ass 4.000 2145 JLi
3 4972 45142 1370 LE.-LY Lass 153
18 21,631 3893% 1335 2.764 1418 3

the activity values have been corrected and 116 000 cpsfmg for the second
preparation, Table II) it s posuble from the increase in specific actmty
1n the blood during a challenge experiment to calculate what fraction of the
bromsulfalean has been added from the lver These values arc minunum
valuex, as the specific achvity in the liver in point of fact smin through dilution
with Inactive bromsulialein during the first munutes of the challenge experiment,
before samples have been aken. This of course applies m a otill hegher degree
when & second challenge expermment has been earried out immediately after
the first,

It emerges clearly from the tables that the specific activity in the vepows
blood of the liver 11, almost throughout, Jugher than in the peripheral blood
at the same pownt of ume and that the chall P entail 8 constantly
mmgndmlxtmofrldluuhvebmmmlﬁddninlhcbjood.wh)chuunmk
g-rntcrmlhcvmousblaudoflhclivathminth:porulblood-

In order to ascertam whether the return of bromsulfalein from the ver
can sl be calaulated from the difference berween afferent and efferent blood,
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challenge experunenty have been carried owt shwultancoudy wath the deter
rainapon of the hepatic mmutevolume, I p ol plassa per mmate passes
through the Brer with the aciteity & impulics per wecond per ml 1a efferent
tlood, then a total of p » hmpadses per mupute are sapphed. Of thys there
p:sat&uﬁnuwhkhuﬁzquoamtﬁrthcbrmﬂh}anmmin
\hch:padcvmombhadudpu—hleBSP_[ﬁSP Tbcyrodma{'
thus quotient and the total amounmt of maput i d u the caleal
mulwtsdngmmylrd:chcpmcvmmsphmhuxhcumv{w-
then the sctual outgoug total activity b p A, and of this it ngmfcaaty
grearzy the surplus mast come fram the bver Snch ealonlations bave been made
for 6 experiments, of whach 3 are to be found in Table 1Y The perultimats
column shows an appreciable surphs activity fom the Brer
In these axperonents the hver had abmorbed o total of abour 340 and X0
my radioactive BSP roxpectively with a specific actedty of 116 900 cpe/mg
]rthcbmmlfnlc&ngwenoﬁbyth:hmhnthcnmchghtpeaﬁcmuvuy
hout the whole challeng then o the sctinty-nophd
the brpatic venow blood P d the ¢ Hal groen in the
hont ohoma of Table I

Discnssion

From Table I and 11 It emerpos cleardy that the liver axa give off brom
rulﬁkmdnmmdxeb}ood.ﬂzhucndmmdbc&hbym:h;gbaspcdﬁc
actvity m e hepune vepomy blood and the strongo admixture of radio-
actsye b Valem thar can e calculated from the incresse of specific ac
fivity with time, as comparcd whth the ponding values for peripheral
blood. 8ince through conpuueus ditnuon with inactive BSP the speafic ac
ity of the bronulfalan in the bver must decrease with thoe, the caleulated
addathons ar  rather too kow than coa kigh. Yet the addivon in the venom
Hmdﬂmnduﬁ’vu’hm&nolmﬂdcmhk,um—l&mlﬁamcduﬂmpng

ifalen ingection is to between 4 wod 60 per cent, on an everage
18 per cent, of the tosal ansount of bromudlleda coming out oa the vermus

Owing t0 Aot dif in the exp and the o of
whcertamty an the principles for the calculstion cue wmust ke theae figuses
only as & very tive mewsare of the erum of vomsnifalem Som

the bver to the blood. fn tahie 1§ the refiux’ of brorsulfadein s caleulated
accovding 10 other prmapley, which, howeser sbo give Tunhmm  wlues.
Here, too the cloulated amount given off » coniderable and between §.6
and 32 per cent of the bromeuifalein sheorbed by the liver 1T one cxdenlares
the comulative machmum refux of BSP 10 the blood dating dhallenge o
permoents of brmem 16 and 25 munutes duoravoo, one obtainmy between
73 and 222 mg BSP If one calculates whe decrerse @ wpecific activity m the
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Table JIT Excert sutpat [ redivactirify s hepatic bloed colculotrd from moan [ier plesme focy

aud cxtraction facter Excrss miput s mg sx[fobrommpktalein]men. based on specific actitnly

of 117,000 casjmg ix the keer

A, Exp. 601,220.11 lher plasma fow 187 mi/min, extr factor [8 %.

B. Exp. 610317 11 plwma fiow 7! ml/min, Extraction factor decrensing from 61 w 10 %.

C. Exp. 61007 1] verage plaasa flow 74 m!/min, Extracthan factor decressing from 31
o 13

Time Plama radionctivity Total actrvity outpwt Added  Added
from  cpelml {n million counts sctvlty  BSP
tnjer milhon  tmyg/mia.
boa Porul ~"epﬂc Cakculated | Found couats
i from portal | bn bepatic
bhood value |vein blood
A 3 5257 7162 0.803 1340 0333 16
6 sen 8470 0.860 1385 ors 63
10 586 7.902 1050 1430 0430 17
13 7188 7970 1100 1490 0350 34
16 6,607 8410 1015 1570 o558 “
7 7,831 8.4 1075 1390 0515 45
B ) 30,383 16302 ony 1163 03t 17
¢ s 18719 1101 1530 e 198
7 nom u'imn 129 1503 o1l 182
10 2,119 19,968 1412 1419 0 L}
c 1 uem 12,250 0833 3,000 FRTTON 1)
5 s 142 1370 3203 Lms 138
16 1851 32516 133 2764 14123

the acuwity values bave been corrected and 116 000 cpsjmg for the second

on, Table II} it 1s pomible from the increase in specific activity
in the blood duning & chall p to cakeulate what fraction of the
bromsulfakern has been added from the Lver These values arc munimumm
values, as the specific activity in the liver 10 point of fact sinks through ditutin
with Inactive bromsulfalein doring the fimt minutes of the challenge expernnent,
before samples have been taken. This of course applies in » still lugher degree
when a second challenge experiment bas been carried out immediately after
the fint.

It emerges clearly from the tables that the specific activity in the venow
blood of the liver 1, almost throughout higher than in the peripheral blood
.:tbtnmcpo{ntdlmm.lnddﬂtlhcchxﬂmgccqxﬁmmumuﬂnmﬂnﬂy
miog ad of rad rve br Ifalesn 1 the blood, which is as & rule
gmtdinlhe\mbloodofthclmlhlnmlhcpurulblood.

In order (o ascertain whether the return of bromsulfalem from the lver
can abo be calculated from the difference between afferent and effereat
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Fenseness Variations in the Cat Kidney in Sita

By
A Asradw and U Sasazsos
Recsived 13 Ocwobey 1981

Abutract
Arraow, A and U o sarsations w the cal bidney
= at Acta phat. sand. 1967 23 Wb — A
deacribed of Yidnty temsenes

The question whetber variations in intrarenal pressure play & role 1o normal
kidney fimction m ntill a matter of dipute. Venrron (1959) concloded that
mirarenal prewure seems to play no bmportant part in kidney hicod drcuta-
et except pomdbly & an obwivuction, mdependent of artoral pressure, 1
greatly swollen kidoeys. Swawx and Prowz (195]) on the other hand had
proposed that mtmrenal presvure, wioch they found to incroase with remal
arterial premure  pleys & major role in the contrel of Kadney blood flow Hac
miavwe Day und Caxtsor (1939) sod Borex (1938) have reported that the
intrarenial proyuure neresses with renal arterial pressare and concluded that
this mxy even explun the mecheninn of antorsulstson of kdney blood fow

ln:mmm(m&mwmlm);

in the kndney o ruw
mdmkdmhhmdm:rmﬂuubamcdhm}muu
5t owas Juded that the 4 by this teehrique was & good.

cmate of intarenal presiure
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In the present investigation the factars determining kidney tenseness have
been further studied and the results have been compared wath intrarenal pres
sure measurements by previous authors. Special attention has been given to
the pomibility that intrarenal prewure, as measured by the tonometer may
play a role for the control of kidney blood flow

Methods
The tonometer wed to messre the tensenem of the Mdney b bused on the tame
peineiple as the sl and hay been doscribed {n detail before (Asrros ot ol

l11]9:1) Thcmovunamofthecmmﬂylauudpmbcmm:urdcdbymnma{m

springs so that no weight, except that of the probe rests on the kidncy The tonometer
has three suction feet, 10 mm  part, which bold the tonometer in place 0 that the
mudthepubemr:hltdlolbennﬁced’thcﬂdnty At the beguaning of

o the inchudmg the amplifier s ad-
j\lkcdmlnnnucnnnbyocdmﬂngtbcmahlﬂwforldmm(bmﬂne)md
by elevating venous premure to 20 end 30 mm Hg with an unhampered arteris! blood
supply

The experonents were dooe on a total of 32 cats, anaesthetized with

-odium(so—samaﬂw) Thkﬂhdmywnppmchcdhylmﬂ-hnclnchhnld
er on the anterior surface of the

applied aft
Hduey:nbcdtecltbenxﬁonfm&remmkmwktvptheﬂdmymdnlndwm

to the right famoral van via a photoclectric drop counter or a Shipley Wibon rots-
meter Renal venow presurs was measured from 8 T-tube chose 90 the kidoey and
could be elcvated by partial occhuion of the tubiog datally to the fow-mesturing

In the perfumon expermnents the pump (Siymamotoc Inc.) was inserted in & Joop
of palyvimyl tublng (Tygon) connerting tho left renal artery to the right femoral ar
tery Prmmﬁucnuliﬂ:-lnthnpumpdruﬂlwcrﬂdm]xdwﬁhl Windkeme™
Renal srtcrial premure was recorded dotally to the pump and veoous pressurc vis
catheter inseried in the spermatic (ovartan) vein Venow premure was elevased by
partial occdusion of  screw clamp around the renal vein.

When urine flow was recorded the renal pelvis was drained by eatheter introdoced
through the ureter The catbeter outlet waa fixed 10 em below the sero plane for all
presure recordings (mud cardine level) Urine drops were counted by coatact device

t Intervals of 05 or 1.0 mun. Systemic arterial premere was obtained from & kmanl
ntquu:ln—gu‘emmdmwmmcdﬁx.upxm(uocqu)md-ﬂ
cvents recorded by Gram Modd 5 Polygraph. Infunocs were given, and heparine
injected, into an external jugular van.
Resnlts

The relationship between renal arterial pressure and teoseness was partc
Lu}y;mdwdinltcﬂuuf:rpcrhnmu(mmn)mwhkb.pump\muxd
t0 set the blood flow in the Jodney at different levels. Presurc-flow relatoo-
,hjp.‘mnudledby-djunlng the flon mte and measuring the pressre

distally to the pump.
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the Jodney shoms antorrgulation of blood fiow L a1 » pressure of about
100 zm Hy the dope b charged 20 it premure risey sherply wth only small
merexser m fow

From the record (Fig 1) it b evndent that tosnos mereases with Blood
Bow asd the concomitant clevation of the rensl arterm! perfison presre.
As the end of the recond, st » perfusion prewure of 70 oun s, the venous
promure was clevated in arder to check the seomtivity of the wnometer The
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Incresse n tenseness produced by this elevation of venown pressure to 20 mm
Hg was the smme as that previowmly observed at a perfumon presure of 140 mm
Hg and free venous drunage (venous pressure 4 mm Hg) The magnitude of
a venous presure which would produce the maximum tenscnen otwerved at
the highest perfinion prenure was technieally difficult to determune. Elevatron
of venous prewure to 30 ar 40 mm Hg would frequently cause the sucton fect
of the tomrometer to become d d From the practically total occhuson
of the venous return for a thort ume prior to elevation of venous pronare ©
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20 mm Hg at the end of the record ¢ B evident, however that the temsenen
at the perfusion pressure of 210 mm Hg and free venows cutflow o of the ame
order of magmtude ay that scen when the venoes prewure is about 40 mm Hg
at a perfuson pressure of about 70 mm Hg

An incresse 1n tensenies with renal arterzal pressure was regularly obeerved
in the 12 cases m whach renal artenal prewure was vaned by the perfunon
pump. Thus temenes defimtely aned wath renal arterfal pressare and blood
flow It was observed, howerer dntuﬂ:enm:mullrmnlprmtcmc-
nem was qurte varable &3 exp d o terms of equf venous p
In preg with high mﬂow(lowﬂovnhxltmﬂmnmpcr
fonon presure) the mercase in temencmw with incresung renal arterml pra-
sure tended to be Jower than In preparatoms with low resistance to flow
In » second seres of expenments changes i tensenes of the kidoey were
studied duning Ly mfoeon of salme solution at different rates. In a fint group
of expenments m this sena intact arterml Hood supply was osed. A typical
rosult o flostrated in Fig 2 where A and B were recorded in direct succesnon.,
Blood flow was recorded a3 intervals between blood drops (vepom outfiow)
Repeated tests were performed by devating venoms pressure to 25 mm Hg
and by completc occlusfon of the renal arternal supply Temenen increases
with venows pramure clevaton snd falls when the artermal blood supply
occluded. Before the second teat in A, Lv saline infimon n started at 2 mte of
3 ml/min and =3 a resalt there 13 an merease in systeamic arteral presore, kd-
ncy blood flow and tenseness. When during the Infidon the same venoms pres-
sure elevation (23 mm Hy) s performed, tensencs mereascs to 2 hngher Jevel
than before the infusion. Whil here the venous premure n mamtained at
25 mm Hg tensenom contmees to increase, duoe to the Ly miumon, at the
mmo rate a1 before the partial obetruction of the yenows return. Fo
completo occhumon of the reml artery the tenseners fall but after 16 min it
i x4l somewhat higher than during the occlesion text prior to the mbme in-
fusson.

In Fig 2B dmilar tots are repeated when the difforent parameters have
retumed abmost to control valoes and the rapoase of tenseness b identical
with that m Fig 2 A before the mlne infuron. The secand paur of tests are
performed dunmg sahne infusion at balf the rate of that in Fig 2 A. The re
salts arc quafitatrvely the same a3 in A ¢ the increase m temsencm prodeced
by venom premure clevation n sdded to thet rerulong from the mlme in-
forlon. Followmg artenial occlusion the base line for teosenem b agxin some
what eevated at the end of the 1.6 oun occhunon persod.

Rewult smilar to thow m Fig 2 were consistently obtaned in all 6 x
periments with normal arterral blood aupply of the kidoey in which the infuson
of naline or Ringer solutan was performed at a rate suffent to fncrease kid
ney teoeness. Thos, when the infudon incressed the tomsenem of the Hdney
venmn prosure elevabon caused an additional rapid increase of temenes o
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a level which atways exceeded that produced by the samo venous presure
elevaton alone without ammultaneons hemodilirion Also the base hine for teme-
nexs during hemodilutron, as observed after complete occluson of the renal
artery for 1 5—20 run, was regulary elevated above the contro] level

Intravenows infurlon of saline or glucose solutions n preparations with the
kudney arterml blood supply mauntsined at & comstant rate by the perfunon
pump usually cawsed, at Jezst inftally a decremse in the perfusion presure
o3 an indication of decreased penipheral reshmance doe to hemodiluton, Dunng
the tame trmo temenem usmally remained fairly unchanged. If in these experi-
ments the perfimon rate was increased so0 that the same perfusion pressure &1
before the infimon was reestablithed, the tenseness of the krdney regulardy io-
aeaserd. Tests with elevated venows presure under conditions of elevated tense-
nem in these expenmments gave qualitatrvely the same results a Io prepars
tions with mtact arteral blood supply ¢ the temenew increase producrd
by a given venom pressure elevation was added to that prodaeed by the hemo-
dilution.

In a third senes of experiments the mnfluence of acute changes in vasculer
tame on the temsenem of the kidney was stodled in 10 preparations wth con
stant rate perfisron ms before. Inpections of adrenalme were made In the tubing
proximally to the pump. Electrical sumulation of the renal nerves was per
formed at » frequency of 5—8 cps obtained from & Grass Model 84 sumulator
A(ypnlexpmmmtmmnmuuiﬂmtcdmﬂgsl‘hcmdnp,mm
bom.huwrmdmdpm’:,runlmpmmruulmm
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and wrine fow In A, 1 sg adrenaline b Injcted intra-arterially and cames
an mcrease In wascular tooe (Incressed asterial premure at constant flove rate}
and & decreswe In tensenes. Unine flow first decresses xod then incresses above
control. ¥n B, the wnitivity of the tonometer 1 checked in the usaal manner
In G, finlly the renal nerves arc stomulsied for wbout 45 sec. Shordy prier
to the smulanon the perfosion rete was Jowered from: 15 o 12 ml per min
and &s a remlt slowty d: d, Electrieal Y 1 followed
by an Increase in resmtance, and perfosion presrure e sharply while temae
nem and rate of utne flow decresse. The effeet u thos quabitatively the mme
a5 that of adrensline infection in A.

The resuhty 1n this series of experiments dlmtrated that the resisl artenal
pressre o o did oot determine lndney tamenren. Resubs similar 1o those
llostrated in Fig 3 were regularty observed in all the {8 prepasstions 1o which
the nfloence of acute changes in vascular tone was stucied

In the fint seties of exparmnents dascribed above it vas foand that when
biood fow varied wrme fiow increased with renal arterfal premure {pecfinfon
prowore} s did kdney According to the remlty il d in Fig 3
howeeer the orme flow recording dad pot rm paralle] wath that of the renad
arteria! pressure but mther with the kevel of tengenos. It may aiso be added
that & wccondary increase m urme flow after an initial decrease following
advenalioe {nfection, wi m Fig 3 A, was an almost regular findmg.

Discussion

In the pump-perfosed kidooys it har bern ahown that tepsensys increases
with perfumon praswre. The leved of tensenew at hugh perfimon presares
{wbout 200 mm Hg) i vanally comparable 1o that seen & low perfusion pros-
wures when the venows presure is elevated to abont 30--40 nom Hy It has
p:cvmm}yh::nshownthﬂ,&nﬂxhdnzywhhmudurmhwn,lp-nhl
occhison of the renal artery w regulaly foliowed by & fall in seoencas, Thus

minctmmdlnmxmﬂmndncmedinmemﬂudy
(Arxow ol 1962) The refabenship between renal artenal presure asd
tensenesy by, however not constant. The degree of morease in tensenew with
» groen elevation of venal artenal presure varizd connderably from we prepa
rapen to another in the prosent ivestgation, and alo quits often in the same
greparon st different nmes during an experiment. Ths vanabdlny of the
rerulls would seom explicatie by the findmg that tensenes 1 determned not
only by srterial presure but abo by the vascular tone (Fig. 3) and the colloid
oamotie presure of the biood (Fig 2 In eases of bigh vaacular tone & grven
renal arterial presure wonld be apected W be fated with a rel

3



42 A ASTROM AND U SAMFLNY

Jow temsenens (intrarenal presure) With Jow vascular tooe in the kadney the
same renal artenal pressure would be expected to be amsoclated with a higher
degree of tensenens

The cooclasion that there is no direct relatrionshup between reml arternl
prasure and 1ntrarema] pressure, as reflected by the tenwenen measurements,

b st vamance with the conclunon by Swaww ref (1952) Our results are,

bowever in good kespung with those by Mis and pe Warvzsen (1954) who

concluded that intrarens] presure, as they measured jt by the needie puncture
technique, was dependent upon vascular tone as well as renal artenial and
veoows presmures,

According to Swavw of al. (1950) and Gornaitarx (1952) intrarema] pres
sure rses with venous pressure and above & value of about 20 mm Hg fntra-
reoal premure (by the pecdle puncture techaique) s found to be equal to
venous pressure or (o exceed It by lem than 2 rum Hg Such a constant reh-
tiomhip between the two pressures does not apply before and during iv m-
fuwon of glucose or safine solutions (Fig 2) at [east pot of Intrarenal presure
s studied m terms of temenen.

In & previous commanication (Astxdx d &/ 1962) the wntrarenal pressure
was conudered to represent & sum of interstital prexsure and the presure, in
excess of intenuithal pressure, prevailing in the distensible vems, venules and
tubules. For fow 10 be panible through the kedney the presture inpde thoe
tructures orust exceed the value of mieninal pressure (usually about 10—15

/mm Hg) The pressare developing i thae exsily collapsible structures woald
be dependent upon repa! artenal and venous pressures, and alio, the vaso-
motor tone in the arterroles and small anenes (including the glomerular vo-
scks with thar afferent and efferent artenes) If this interpretation be correct
it follows that there cannot be a constant relatromthp between one of the fac
tory, ¢ g renal arterial prosure, and Intrarenal prexsure. Accordmy to this
concept the Lv infunon of mline sohrion, a3 in Fig 2, wonld cause an ckev
uon of kndney temenen by sugmenting blood flow winch would Increase the
presure distennon of the verns and enuler. An inareased blood flow woeld
be expected abo at practcally unchanged systemic (and renal) artenal pres-
sure, a3 in Fig 2 B, because of the decrexsed peripheral resistance during
hemodilntion. A dotermon of the tubules, due to an increased filtratim ratr,
and an elevauon of true interstiual pressure, as & result of mereased net fiknt
l}m;,l:;m:nl.!'mun-nclpau:ci,nm:[]und.rnamnno.flhclru:ph\1:ncls,\'rtmld
also contribute to an ek of When 10 such a kedney the vepos
outfiow 15 parually occluded the prosare in the mtrarenal verns and venuls
wmbefunhcrmwednndthmnnpzdmcruxin(mmn-ddcdmtbﬂ
slonly produced by thae other factors.

A reproducible base Ime for the tensencss recording could usually e pro-
durced by occluding the anenal blood flow for 1.5—20 oun During kv o
fumors of glucose o saline soluuon, however arterml ncclusson for the samé
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perniod of tme dud pot lower tomenens to the eontrol level (Fig 2) T would
wem to Indeeate that duving the fnferon an incresse In true interstatial proe-
sure bad d. In & pr study of p time curves the
presure for Gene b the Tenal actery ( ywdd prewsure™) was found to be deter
mintdbyrhchmrmﬂm(AmoulsﬁD) Intrarenal porwre, true
i venous pressure would be expectsd to be
eqmlnxmbbodﬁnm(:\rﬂbudd.l%?) It would therefore weem that the
Base hne for the tersencm recording as observed after 1.5-2.0 min occludon
of the renal astery could be groen an abwolute value if at the me time the
ntrarensf prewwze was messured a5 yseld peemure® or Intearenal venom
prewure.
The blood flow govesned by the arterial pressure and the vascular tone in
the kidney would mnder codinary condition scem 1o control the mtrarenal
promoe by detenmining the premwe dostenuon of the veims and vesube
(W)Mh&hwmmwmdmmam
d by the 1 prewure d ping m the kedney wah i
Emﬁtddﬁt:nxﬂ,ﬂny Aninumdmmmﬂmuou!d.}w«ﬁudm
tend to decresse the ot dntendmy premure sn the artevioles and wnall ax
tericn. This would tensd to dectease the tramsectional arca of thewe vemcls, the
resistence to blood fow would mae, and as a rowlt the presare In the vany
and vemules woukd afl and the intrarenal presare decrease, In other words,
the preTequinter for a negative feed-back mechanmm would seom 1o be present
1 the Mdney This conclupon would support the concept by Hoomaw o al
{1959) Screx (1939} and Asradsx and SavzLis (1960) The proposed mechans
mm would seem (o be capable of mauniunng Bood fiow rebavely comtant
when Guctnations ocenr s the artenal presare or she voscular tone m the
kidney Further studses woukl seem to be required, hoveever  before it wall be
postible to atabluh whether thes feed-back mechaniun can fully cxplain the
auteeguiation of kidoey blood Sow x.t.dmrmmwlrynmlrmhipxme
of about 50100 mm Hg the slope of the presure-fiow curve of the kidney

1 changed s that with & further me n arteral prevure Sow increases oaly
very lute

s sopported by graety Som the Sneduh Medual Reserck Cooncl) ead
Mmmmmc The wehawonl amitancn of 3 \sas Hexoxrsde m grwchidly sce
Rovow lodged
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contraction. Afier crmason of the acid
reosanked the mene at difforent towe dovels, Subsrate -
troamied aogroweoted the contractng and actc adid-
sonlating offcets of drugr ad
other blocked under
andd sevobic Caleulaton of the energy vectabo-
Eum d math of dscnted thac
the sromce’ d suffiord

Adrenatioe
aader acrobee condsiions and m the presence of glucose. Thus oxpgen
wlane canmox serve 23 a refiable fndestor of e emrgy
metabolian of wanth mecle.
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In an earlier paper (Lunpuoru and Morox Linconows, 1960a) we ze
parted expevoments on mmooth muscle it which we studed the relicon be
tween tone {degree of contraction st & constant load) and energy production,
A dutinet correlation was demomtrable between the energy production and
the capacity of the muscle to maintain s tone at a certain level. 1t veas found,
however that + ule contraeting agents such as histamine and barfum fed to
stimulanon of the metabolim during the inital contraction phase, they mb-
sequently enabled the miuscle to reach & hygher tone level at an ichanged
energy production than wes the case wath untrested

In the prosent invesugation we stodied fn greater detail the relammabip
between the contraniile process (increase of tone) and the energy production
i meseptene arteries. The energy prodoction was determumed from the lctic
sad productron under anaerolne conditiom. This method has seversl advas-
tages first, ot was paible 1o vary the energy-producing capacity of the muscie
by slteniog s carbohydrate supply sccondly the synthems of high-energy
phosphate compounds via bec glycolysis probably bears & coser stolchwo-
metrie relatiombip to the lacte acid production than does the exygen con-
sumptin, knce apprecable v m the phospborylation/oxddation ratoe
may occur Lastly a cortzin degree of glycolym takes place in smooth muscle
even undev aeroluc conditions (SOpmor 1950 haex, Errrmtor and Cuame
1834 LuvworoLs and Momwe-Luwoaoix 1960 &) and hence axygen consamp-
von alone 5 not a rebable cntenon of energy production. One shottcoming of
determination of the energy metabolim from the lactic scid metabolum wi
that relatrvely |ing pertods were requred for the determination of the cffects
of drugs on the lactic acd production snce thae had to be calculated from
differences n the lacte aedstmulating actions, The effects of drug, to be
reliabh d hie, munt g i 1y exoeed the biolagic vanation of the
lactic sadsnmulaung actiym  hence the importance of the time factor Over
thort penods moreover umhctk;dadptuiummcouldnmbccrpcmdv
rcpfacm.dcpcndnhkemxmofmcmgymbofmn,dmuh;dbcﬁ
found that the musculas content of preformed hugh-energy phosphate com-
pounds changed (Luxonoru sod \orur Luxpsoui 1960 1) In view of thee
comiderstions we in no cme deternuned the licue red producton over periods
shorter than 15 mmuies

On the otber hand mesentevic artery preparations showed very sow o
tractin — under certmn expenimental comdimons maxemal tooe was 5ot
reached maul at least 60 mun had clapsed It B by no means covtam thereort,
xhndcmmxmmnu(thchcucu»dpmductmmn-:mpa-ndwwﬁ
have shed greater hght on sur problem.

The we of th fecteye hods in 4 of the effects of drug
o the energy metabolisn of mooth muscle 11 unquertionably denrable, bt
n.wm:mmdmrmmwm\rmmmmm
{Assorr and Lowy 1938)
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Method

sceted sluoghiter wad tramferred

with 935 % O, and 6.5 ,mrmmmztomlsmmm
by fim coniog the vesed plee 15 mm
wide, 1012 mm mmo&—smmmwm-mdw
813 g In the firxt few reor of cxperiments the peeparatony were attached doply by
Y st the upper and Jow e enda, since the Botomse changes in Jeogth were being

for which the 7 text wm coplored { m tumber of expernnenys P o hda‘dpﬁ-
caner)

Thchakmdmnrmnu{mn&mndd'rﬁvxk

thas were goated sarsncally ac rferable to diffeTent preparatioes from tha mme
artery Such an ppeoach was oroewaiated by the It that cootrel preparations from
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A B

i o » % » D » { w mn
- THE min
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3 b 4 . [N - n
Fig ! Effert of loaedrecalior ¥ 10+ at 1 and 13 (A) and chectrical stlmulstion 15 ¥
wmhlﬁmm)mmmmmm&.AP)dh&mm
Tyrode salubon. \\nhout glacow m N,

different arieney exhibit spontancous aberations of fone which in num show «f
scusccal vanabiliy (Lusoeois and Moo Lusonows 1960 a) — The obeened
tonws changey thus refiected arabon i the mmace activity and not — &3 in expen-
ment on srated musde ~ & trannton from reft o scthvty

Lolatcd rablet car was perfimed with Tyrode solathon contaniog 0.1 per cent ghucost
and scrated with 833 , O and 63 % OO, Thexe experiments were cunded oot st
22 C, and tie flow was recorded by drop recorder

Adrenaline xad other drug were added at 1 5-mivute interval olaw otherwoe staked
in the 1ext, the purpose beng to replace any subsmance that oey have been iosctvated
and t crure s manmally ect e concentraton in the argas bath.

Elertrzeal summulaton of preparations was produced, vaa platumes books kn Tymdé
solution, by alternatmy current 50 cps sod 15 ¥ — the lowest voltage that gave $
maxml cifect. The anrent xrength was  pprccisarely 0.1 Amp, but the greater prt
of the anrent probably pamed through the Tyrode solution,

Resuits
Lactc Acd Prodicton o Increwse of Tome qfier Drugs ond Elwctrucel Stomletws 5
the Adsemce of Glucess
Axwrsbn Contitroms In the first serex of expenments we srudsed the effecs
of vanous sumulating agents on tone and lactc acld prodocton under a5
crobic conditons. An knsual dose of the relevant drug wis added one mnsit
afier maunting of the preparason, and a secood dosc fter 15 min. The dure
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In an mital run of expermments 0.3 per cent glucose was added smmediately
after mounting of the preparstony, and the effect of adrenaline was compared
with thet occorring m glocose-fiee prepasadans from the wame artery The
contracule effect of adrenaline — xdded one minute after monnting — was
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1323043 mm (x =7 P < 005) greater n the expenments wath gheeose
than in those without. The tonus differences were, m this instance, measured
10 min after the additon of adrenabine. Even the effect of adrenalme an the
lactic acrd production appeared to be augmented m the experiments with
glucose, where the rise amounted o 40 6 + 14 4 mg/100 /70 min, & agamst
230 4 7.9 m the glucose-free experiments,

The effects of glucose on the ¢ g and lactic acd lating acnoms
of adrenaline and histamine were more dwtinct when tho muscle bad fomt
consumed a part of jts own substrate reservet, whereby the fnjtal tone of the
preparations was low When preparatons were inftally mounted in ghicoss-
free Tyrode solution and the latter was exchanged, after 60 min, for saloton
containing 0.5 per cent ghicose, the effects of adrenaline and hutamine were
far more pronounced than in the absence of ghicose (Fig 2 B, Table 11}
Although glucose per & sumulated the lactic achd production of the contrd
preparations to & much higher degrec than did adrenaline or hutamine, f
effect entaked merely 2 reduction oc cowatson of the tone dechne wad
demanstrable contraction, When on the other hand, aerobic conditioms were
apphied, the artery contracted (Luwpnorm and Momwe-Lurmioru 1960 &)
Hence acroble and anacrobic energy productfon scem to differ in ther cffecs
on tone,

In another seres of experiments we studied the relatrve ime counse of lactx
acld production and elevation of tonc following adrensline adminstratos
(Fig 3B) After i jon of the prep for 30 min in glucose-free
Tyrode solubion the latter was hanged for solutton ng 0.3 per cent
glucose, concurrently with addifion of adrenaline to every sccond preparatsn.
The lactic acid producton was determined both after 15 min, when tha con-
tracting effect of adrenaline had almost reached its maxmum, and after 10
min. The difference in lactic acid production between the adrenalme and the
control tests vas 149 + 36 mg/100 g (x = 7 P < 0.03) after 15 min and
174 + 250 mg/100 g after 120 mun. The stupulation of the lactic aad pr-
duction thus councided wath the contraction during the fint 15 mm and wo
aho reflected, though not dgmficantly i the valucs recorded after 120 o=
When the contraction had practically terminated, the lactic acd producnos
was 257.5 + 27 2 mg/100 g/15—120 mun 1n the control texts and 260.2 3 9%
or virtually equrvalent inLhzad.rmahn:Lcu.——Thumno[apa-lmam“m
adrenaline substantiates previous findmgs with hutamine and Ba++ sons (Lus>
1oLy and Mouux Loroiorw 1960 a} pamely lhllhﬂxlddprﬂduﬂlmi
mlysdmuhtcdlmmﬂymmun:cnmmlhthclmmno(mlnd‘h“”
clevated tonus level can subscquently be mamtained wathout further augment
tion of the energy productmon.

Dunng the fist 15 min after additon of glucose in the control cxpenmen®
the Lactle acld producton was, an the average, 9 4 mg/100 g higher than duf
fng & rubscquent 13-mm penod. It may be awumed that thls  cxtma” 56
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acid produchon war utlzed in resynthesinag those higheenorgy pbosphate
Wmmmmmwwmmdm
The formation of 1 mo! lactic acid from glucoss 3 asocisted
(Kmxl%l)dmmmmitymmdlqhi@mgyp&xphm
bonds (w1 eq ~ph) By vistuc of the extra  Iactic newd prodaction, there-
fntc.lOSqu/z~phwwldbcfcnnsd.Ondkw&myeﬁhnmmhlgh—
artenes under experi-
mmwammmmmmmmw
an increae of 11 penjy ~ ph(},mmmuxnndh!mlmmml%ﬂb)
Agsbuc Condatins Ghicowe the lactle scxdath g effect of
xmmhmamwdﬂmnﬂccmdimFsrmnmdmmmuln
which Tyrode solutian wath 0 1 per cent glacose was wed the lacise aad pro-
m&mwmml&siuwlmgmm@-m
P <001} On sdditon of ad the gt 1 to & tovel ex
wcdlngthnﬁx\hccontmlprcplnmbylifiiim‘w<0m) The
maximum elevation of toue in the sdrenafine expeuments was 1.2 & 0.4 mm
(P<001)hiy;uthanth:q>omxnmnmo(mcmdnmmmh.hmy
be aumatd - we below — that approsimately %0 per ceat of the cuergy
rcquxredforlhhwommwxﬁhn been obtamed from giyeolytic reac
tioes — & e whach that determt of the cxygen
consumption alane is wot s reliable mdicator of the energy metabolism of
unooth muscle,
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Tabls 1L, Effacts of metabolis inkibriors on e stimlatong actim of adrenaling (1 10—4) of I5

Drug Gluccss Doration n Dufference in Lacthc acid productos
concentration per et min mg/100 g
1 2
Adroalino—  Drug—

canerol comarol

Cu 0 70 7 394 79 ars: 59
(Q.0g3 An) P <03
Cat+ o3 70 7 406 £ 144 441102
(0.003 AD) P <005
Lodoacetc acid 0 bl 5 153+ Al 25+ 98
(0.012 1) P <003 P<om
NaF as %0 3 31+ 88 24 L 182
(0.024 M) P <001 P <005

0s ] 5 496 + 107 734250

(0.0054 20)

Efecis of Glpolpss-Inkibing Drugs oa the Contracting and Lectic Acd-Stmeleng
Actrans of Adronaline

Anserobre Coxditens In experiments hutherto reported an elevation of tone
has ivarably been amoctated with stunolation of the carbohydrato metabo-
liem, but the question anses as to whether vascular muscle, like strated muscle,
is not capable of numerous contractions by utillzation of its preformed high-
encrgy phosphate compounds. With thu question In rund we mvestigated the
effects of certain glycolyns-inhibating substances which, in previous experiments
(Monutz Loxpsorw 1933 Lusosory and Moz Lunpuors 1957) had bee
observed to depress the augmentanon by adrenatine of lactic acid productiod
and glycogenolyss in smeoth muscle

In one nm of experiments + ath ghucose-freo Tyrode solution we added maoo-
iodoacetic aand s sodrum salt adjusted to pH 7 4 In & concentration of 0.022 M
ummedsately after the preparations had been mounted and 16 mio after #dd-
ton of adrenalme. Mong-iodoacetic acid reduced the lnctic acid production
10 45 per cent of that of the cantrol prey and totally supproged bod
the mtial clevanon of tope and the contracting and lactie acidsumulating
effects of adrenahne (Fig 4 A Table III)

Glycolysls way, in mesenteric artenes, appreciably more reshtant to o000
Maﬁdlﬁmntummnm!cdmu:dnlnapmmmuonhnhwdﬂ‘
dhphngmwefmmdthnmlmmtwm:m@lodmmucaddn-umomﬂ*
Yo of 0.00018 \I for 20 mm under anacrobic conditsans depresed the 81
m}ymbymﬁ%pa‘xmholhmtbepn’euceandinm:zhmccofghm‘
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Aty takeraals o o lactxc acld fraductwa of mesecmierh eriery

Ihflereare fn lactic sckd production  DxfSerence i toso {mm) on coackmion of experiment
mg/10g

3 Detleremce Adromaline—  Drug— DrugAdrenalne
Droghdematms | '3 cortrol coatrl —dng
—drg

-3+ 29 254100 224 + 049 al +oxm 024024

P <o P <od F <00l

112+ 74 3184207 176 + 063 Q74 L 049 18+ 031

P<00d P <00 P <8001

40+ 33 192+ 79 25 o043 L2 038 L~k 1]
P < 003 P <00l P <008

167174 894155 2.56 + Q61 273 & 042 -al3Low
P - Q0 P<afl P < Q001

471138 2494212 161 Q22 024 033 134 £ 033

r 000 P <00l

TIsclated rablat ear seemm, however to be somowhat more senutive than mesen-
teric artery to mono-fodoacetic acud (see below)

[t Sodium fluoride In a concentration of 0.024 M reduced the glyeolysis to
about 70 per cent of that of the conuol preparatioms 1 expenments with
0.3 par cent glucae. Even the effect of adrenaline on lactic acld production
was depremed. Sinec sodium fluonde per s influenced the tone — t counter
acted the tonus reduction in the contral preparations — it was difficult to
sscertain whether adrenaline s effect on the tons was alo blocked. Worthy
of note Is the very slow ckevauon of tone following addition of adrenaling in
thae expenments (Fig 4 B)

Cu*+ 1003 m 2 concentration of 0 003 M added {mmediately after mounting
of the preparations and 10 min before the first adrenalin dose, Inbibated the
contracting as well as the lactc ackd lating acoons of ad linc In
Tyrode solution both with 0.5 per cent glucoes and without glucose (Table
101) Smce, however Cu  lons did not inhilat the spoatancous glycolysls, 1t
o problematical whether they exerted a non-specific glycolym-blocking effect
ornmxpcuﬂc.d:molytxuﬂon.Thcpu-ibuhydmCu joms mhibuted

a i (Stamxmorrzoe 1941 Caamx, \Moror and
1950) scerm d ble unce the exp were paformed In
the presence of N,

Dinitrophenol is amumed to ha ¢ an  uncoupler” effect 1n axdative phos-
phorylation, but at fairly high concentrations It also interfcras with the carbo~
bydrate metabolism (Sosow 1933) — At a concentranon of 0.0054 M dl
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(doricingln O} s

Ekmmﬁ Mmmdw ’

vnhﬂ_‘ip:rcmghm

Itolated Rabdal Har Experi with inhit wexe therefore
porformed on a thwue which could be expecied to show & mare favgurable
diffemon behavior than mesentene artenies namely lolaed rabbat ear which
s perfised with oxygenated Tyrods solution containing O 1 per cemt glucos.
In the preparation the vanous metsbolic idbios had the sams deprewive

mﬂmmemmwmmmdm
d the action of adrenabine 3.3 min afier
n.dminhn).bn(l-'ig 38) \d:ﬂeDL-gi
te tone” induced by addition of noradrenaling
mdxcpu‘ﬂmmnlutm(ﬂ@SC) Momo-rodoacetic ackd acted Jess Tapidly
not mtll perfimon with Tyrode solutwn containing 00027 M mopo-todo-
acetic ad had proceeded for 20 ndn was the eifert of adrenating tomlly sup-
prewed, while that of stamine was apprechably reduced,

Cwvelatun botwoen Lactc Acd Preductiom end \lscly Gemiractson

Since the penod of tactie acid eimulstion cofneided wath that of the toam
cevation, the question arcse a3 1o whether these two effects were corretated
quantitsuvely a3 well In Fig. 6 that moreae of the lactic ackd production
m‘u‘th:hmlv;hxzwhnchwupmdnmﬂbydrupmbydecmmnmhum
1 correlated with the contraction induced by varom
Dupuibubawcmmmminndmwdptpuhdommﬁ:msndmdm o
laxation rate are not allowed for in thewe values, Irrespective of differences
in:rpu‘lmmu!mcihndmdwpednknuhmninm:vuhmrmdu

P s & ble betwren con-
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traction 10 mm and lacte aod merease in mg/100 g From the comelstion
¥me equation Y == 263 4+ 1774 X {r = 0,710 £ < Q.001) 1t was evadent both
that the muscle produced, per mm of contraction, an average of 17 7 mg lactae
acd per 100 g, and 1hat the laciic acrd increase tended to approach xero whea
the muscle Daled to contract. This axredation mecludes, however both thow
experiments 1 which Inctic acxd was prodoced wolely frum glycogen and fnter-
mediate products, and those In which ghicose comttuted the whstrate. The
syntheus of high-encrgy phasphate compounds 1 1.5 tunes as hugh per mol
of lacue acd formed fren ghecogen or miermediale products, as for thar
prodarced from glucose (Karrax 19313 Henos the lacuc acsd production per
mm of coatraction should, logically be lower for preparations m gfucose-lree
Tyrode soluton than for thase m Tyrode soluton contaming glucwe. And
thy, 10deed, appeared to be the case In glucosediee Tyrode soluton the
average quouent for lactic acd producton m mg/100 g per mm contracton
w4 §57 =~ 40 n = 7) but iz Tyrode sodution with glucose it was 1 46 sma
a3 fugh, ar 230 4 3.3 (x = 18)
1t was probable that the spontancous contraction of the control prepara-
ton nas abo combuned with a smmulason of the lactic acid prodoction. e
found that pretreatment fn cold for 30 pun with dibenamsive at & conceuirs
bon of 5 10 completely supprased the sp which
the control preparatioms averaged 117 + 037 pun st the same ume dibes-
reduced the lacuc sad production of the preparations by 26.0 £ 59
):rglOOxThcapmmcnu“arpafamedmxbewmo{aﬁpaam
glocome. The qur nent A lacuc acid prod was calculued 3t
2227 which closely sccords with the men of 230 for experunents m the
prevence of gluome neprwbkma:b.mmn)fdmdﬁﬂofdibanmnﬂb
dncusred m » subsequent paper

Lacts 1ad P véuctirn end 13wk Poformed

It may be mked t what degree the lactic aod producion depended o0
the w xk perfrmed by the muscle Thn queston was sudied by carrywyg ot
a sena A arpenments i which the preparath od m g &
Tyrode solutron wer mualy sabpecied to & boad of anly 2 g After § =z
the kad m evers vec md preparaton was raned 1o 20 g After a further 3
mp he Miuton was exchanged for Tvrode wiuton conmumng 0.5 per ot
glocose, and at the same wme hastamune (3 10 ) was sdded. The dote Wi
repeated after 60 my Dunng 1he fist 35 mm in ghicose-free Tyrode solunot
the lactic acd pruducton was et enfiably higber m preparations with €€
hghter thag i those w th the hea 7er koad. The latier preparations had, bn 1€

of glucse b wever a facur sed prodicuon which exceeded bY

5742189 mg 100 g 120 mun w = 7 P — 0.05) or 29 per cent, dat P
preparauons with & kad ;(cnlvlgannz&ﬂuanol‘bﬁmﬁncm‘h‘
Lightly loaded preparanons the laster performed, au contracuon, 054 557
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work and thelr lacuc acd producton mcreased by 64.2 4- 22.2 mgf100 g
(P <008) The poasing figures for p with the heavier Joad
were 8.1 gunmdMBiZlng]lCﬂg(P(0,0fi)m-puﬁh’dy Thus there
was no demomstrable corrclaton between wark perdformed and lachc acd
producthon.

Discussion
The close correlation between those tone Increasmg and lacoc aad-stmmu-
Tatmg effects of drugs which emerged 1n the expermments on arterial muscle
may be sccounted for in vanous ways, which will be further docuwed 10 &
subsequent report (Lexomory and Moxnx Luyxosory, to be publahed) The
prwn most planible anumpoon, however 15 the  clamical one accarding
10 which the stimulation of the metabolism results from that hydrolys of Ingh-
energy phosphate compomnds which is thought to accompany the contractile

Jowing & this theory cd a1 & baus of h to the carrela-
tion betwern contraction and lactic acid sumulanan. As for the coatent of
ngh-cnergy compomids in vascolar mincle, the dncosmon will be
confined 10 adenasin  triphosphate (ATF) ad diphosphate (ADP) and
creatine phosphate (Cr P) although these sub are probably nather the

mkmpphc‘mngy(HnLlB&J)wdmscpmm}yudhzni(DA\m,Cur
and Drirova 1959)

The first question that arses {5 why the relatwonship betwemn muscle con-
traction and stimulation of the metabollun appears to bo 30 much closer m
tmooth than m stristed mncle. Although the contracung eifect of . g ad

the ghyeolym may sill, m the presence of Ny, be capable of 2 hundred or 30
contractions (Luxosoaszn 1930)

Esergy \nabolism Aowcatsd witk Contracts. Eatimation of the energy metabo-
Inm amoclated with contraction of vascnlar mincle i relanon to the muscle
coatent of preformed high-energy phosphats compounds s of value in th
context,

1t may be extimated that with a comtraction of 1 mm the lacoc add pro-
ducbon from giyrogen and iniermediate products amounted to 1 74 a0 per g
muscle. If | mol Lactic acid n produced from glycogen or ntermediate prod-
ucts, the pet synthesds will be 1.3 eq ~ph (Rarcaw 1951) The mucle ac
cordingly synthesized 2.5 eq/g ~ ph concomitantly with lacne acdd produc
ton. Maentenc arteries immened for 30 mmutes 1n oxygenated Tyrode solu-
ton with 01 per cent glocoss contaned, on the average { = 7) 255 ucqf
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g ~ ph dustributed as follows 068 uM/g ATP == 1.36 geq ~ ph, 0.87 ubdljg
ADP and 052 p\Mjg Cr P (Lunpitown and Mosur-Luwouory 1960 a) As-
summg that the high energy phosph pounds which ided with lacte
acd production were consumed on contraction — as, Indeed has been demoa-
srated expervnentally (Luwpiiois apd Moitue-Lusoiroru, 0 be publhbed)
— it may be atmated that the muscle s preformed high-energy phosphate
compoundy, if fully utilized, would have made possible » contraction of | mm

Thus, however is but a fraction of the total contractile power of vascular
muscle for maenteric arterics were able, from thedr  bassl™ iitlal length of
approximately 10 mm, to relax to abont 15 mm on treatmen: with mono-
sodoaceuc acld or afier extreme substrate depletion (LumpHoid and Mouxe
Luwouoru 1960 a) or to contract to about 6 mm n oxygenated, glucose
containing Tyrode solution and afier additon of contracting drugs. The total
potenual contracullty of the arterial muscle was thus approximaicly 9 mm
— expermmentally observed, 7 mm — or 1n other woeds the muscle was able
to contract to 40—50 per cent of its fully relaxed length,

From these values it may be estumated that mesenteric artenes would oeed to
consume, for & maxynum contraction of 9 mm about 23 weq/g ~ ph, which
Is 9 times as rouch as the preformed amount.

Comparmon with striated muscle of frog s of interest 1o thus connection.
On maxmal tetanmd contraction, muscle may coatract to 60 per cent of its

| length, and it may be estimated from the heat production that approx-
Jhately 0.23 peqjg bigh-cnergy phosph pounds fs ly beoken
down (HiLy 1950) Davies, Caxv and Dxrrvva (1959) demonstrated an fo-
crease of about 0.5 xM/g in the content of Incrganic phosphate, with coo-
current hydrolysls of an a3y yet unidentificd phosphoric aad ester The total
content of identificd high-cnergy phosphate compounds In frog muscle, s+
sayed 23 in the case of 1 ariencs, comesponded to 17 4 peqlg ~ph

(2.8 gMjg ATP 07 uM/g ADP 11 1 pM/g Cr P) (FLEcKmarzns o ol 1954)
Frog muscle may therefore be estimated to comsume, with & maximal contrac
uon approximately 3 per cent of its (known) preformed high-cncrgy phosphate
compounds,

These comp d that the Ic process in vascular matclo
rnqdrudsomudzenagynhnonlynﬁuﬁanu{thltnwdadforlmu’mﬂ
contraction eould be supplicd by the muscle s preformed lugh-energy phosphaie
mmpound:.l'h:muclcwthmdcpmdmlonnwadnuowwaﬂpmdn‘?
tion foc 1ts contractle acuvity This circumnstance could account for the sp-
parently far more rel hip between jon and encrgy pFo-
duction in smooth than in strisated muscle

Cause of the Encrgy Demand. If the sbove asumpuon fs correet the quesod
which anses 15 why the contractile process requrcs so much more eneargy 12
mmhthanmunu:dmmde.Anmrdmgmmh:LbamﬂuudJuofﬂuwd
conorkers (for roview (e WiLLie 1954) (hose energy requinng Teactont
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which are amocuted with the contractile proces in muscle may be astributable
10 external work, activaton heat, shortening heat and recovery heat. The
lactlc aad prod n probably the holl lent of the sum of
d:ucma'gy-com—nmmgpl'mOnumlyuk.howw:r whether the dif-
ferencs between vascular and striated muscle can be ascribed to & mogle com-
ponent and, If 50, which oue. — It was thus of interest to study the nguificance
of the varlous components m the lactic acd production.

External Werk. The arternal preparations were 13 mm wide, 10 mm lang,
and 1 mm thick, and weighed appronmately 015 g They had aload of 10 g
and, at a contraction of | mm, performed work of 1 gom, the thermal equiva-
Jent of which was 2.3 10~ geal. On tho average the mincle produced 15 7 mg
lactle ackd per 100 g from glycogen and intermediate producss, or 105 ug/
013 g. The production of 1 g lactic acld fram glycogen 1 associated with an
energy production of 390 cal (Dumoa 1951) Of the increased energy pro-
duction of 4.1 10-* calj0.15 g muscle, only 0.56 per ceat, thercfore, could
be attributed to external work. These computations may 1t woald seem, ac
count for the lack of any apprecable difference betwemn the lactde acd pro-
duction on contraction at & load of 2 g and that on contraction at a load of 20 g

Recworry beat b, under anacrobuc condinom, only about 1/20 of the Initial
heat (activabon snd shortening heat combined) evolved durmg tha con-
tractile process teelf (HrLs 1940) It scerns unlikely that the anacrobie chemical
procoma underlymg the recovery heat In vascular mmucle would diverge from
corrapondmg procemes in striated muscle to such & degree as to account for
the major dup in energy ol

Wﬂmlllt:mpungmmthudxcolnﬂvadmndnmnbc
tween lactic acld prod in mm b the bolic equiva~
lmtd}m:(lm)“hn.lc(lh:nmkng” — We therefore calculated the
magmtude of the comtant ¢ from the lactic acdd producnon and obtamed a
value of 26,700 g wtjcn nmncle surfaco area. Hiul, in experiments oa frog
muscle, recorded a vatue of 400 wt/cm  If thus lngh value for & were accepted,
it would serve to explain why the contracbon required =0 much energy in vas-
cular muscle, Dusodlation of the contracting from the lactic aad-shmulating
effects of drugs an vascular muscle has been demomtrated, however under
certaln experimental conditions (Luspsoiy and Mouux Loxorors, to be
publbhed) — a result which suggests that the lactic aod production cannot
serve 13 & entenon of “shortening haat”

Aduatwa Heet. A more planible explanation of the high enargy metaboham
amocated with contraction of vascular muscle 1 that the increased hctic
acid production results from that excitative process which, in tarn, lkeads o
muscle contracnon, The lactic acid production would, on this asumpdan, be
a coonterpart of  activation heat™ AMesenteric arteries contract very slowly —
at a maximum inrtal rate of about 2 mm/min when not loaded — and hence
proloaged excitation b requred for the muscle contraction to reach s maxi-
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mum. Smee frog musce contracts much faster — at a rate of

240 mm/mn when not loaded (Hitr 1938) — 1t 1s evadent that here the dura-
tion of excltation may be derably ahorter and the tota! encrgy metabo-
Lsm substantally lower than mn vascular muscle,

Calculation of that lactic acld production which may be referable to ac
tivation heat 13 impracucable on the bas of availablo data, since 145 magni-
tude 1 probably a function of the muscle length, There s ample evidence that
drugs which heighten the tennon 1n smooth muscle under {sometric conditons
also stimalate the heat production (AssorT and Lowy 1958) and Increase the
oxygen conmrumption (BUrssmxo 1953) experlments which demonstrate the
presence of activation heat in smooth muscle.

On the other hand, it was found 1n our experiments that when the muscle
had contracted under ihe influence of drugs, the lactic add production dsd pot
diverge from the metabolism of the control preparations. No metabolic equivs
lent of activaton heat  was then demonstrahle.

If the stimulating cflects of drugs on the lactic aad production of smooth
nmuscle result from the excimtive proces, smooth muscle which contracts more
rapidly than vascular muncle should require bess encrgy for contracton under
sometnic conditsons the lactic acd production after admmutration of drugs
should, morcover be a funetom of the muscle length, Further experiments are
required to substantiate this hypothens,

The wuthan are gratdul for (be technical amistanee of Ar Laxs Ex and Mr Inox Jomd
sur. Financlal spport has been given by the Swedith Medical Research Gounal.

References

AseorT B C and | Lowv Contraction in molhusas sooth rousche. 7 Pigwsl. (Lond.) 1958
41 335397
Baxcur k., R Buowmna aod H. Bastics, Untosuchangen Gber den Satcrstoll crboauch
glatter Munkeln on Kaltblutern. Plégws dxch. po. Pprial. 1954 255, 306316

E Ak of onygen in mmooth mmde. J Pl (Lood)
1958 722 111—134
Cuur, P C A Mosm and J Jorgon, Sur  parbdpetion dos phombase sox réactions
d orydation da Fadrenshine. Buchew. oghys. Acis. 1950, £ 472488
Da 75, R E D Carv and A. M. Daiivva, The coargy supply for muscks contraction. det

M Plligers Arck. gus Phpswd. 1934, 253 246—266.
Frapowo, T B and J B. Gaawse, The determination of lacuc sckd J bl Ghon. 1953
100, 291308 2
Himr, AV The heat of thortening asd the dynambc constuaty of oumcie. Prec Ry, S
1958, 126 133193,
Hit, A\ A challenge to blocherabis Bk, budys. dote. 1950, # 4—11



LAGTIO ACID METABOLIOS IN VERZLS 63

Hizx, D. k., Tho snrerohic recovery bost producnos of frog mmncde at 0° C. J Piysiel, (Load.)
1HO. 5S4 460466,
Xarwix, N. O, Th i and ke of the ps bond. In Suwan, ] B
and X Mvxmlcx ol The Expwer 1951 £ 1 Now York Acad Pres
Kxxivy M. and E. Rosoowr, The ofect of pH oa carbobydrate changes in isolated anserobec
frog muecle. T bel Chew. 1933, 102 161—173.
Knx,] E, P G Errzmecs and 8. P Catams, The rase of roperation and ghycolpas by busan
ad dog soctic timue, 7 Game 1954 8, 1035
Lisngowu, Lo sod B Mares-Loawotx, The carbolydeate metabolion and tooe of smooth.
mmcie, Ace pharmarsl. (Khh) 1960 . J& 3574388,
Luoeokx, Lo sod K MMomas-Lowmmotx, The action of adrenabine on carbobydrate metabo
Fn i relation te some of ity pharmacodynemic cffects A (Ghe Foundation symposim oa
adrencrgic mechaxiam, 1060 b 305— 321 London. Cherdil] Zud

¢ dber ktlon obme org. Baechas.

L
Z 19%. 247 162177
Moo Lommoes, E., The mechanian of the rebuxing cffect of adremabns on mmooth mmsde.
Acka plyzial. scemd. 1933, 25, Suppl. 108, 163
Scuom, E. VW Mecheiars of dialtrophenol taioty Bl Rem. 1953 22 453479
Stner H, Obcr den Koblenbydranaoffscctmel der Artencrrs and. PAigos Arch. ges. Plosial.
1930, I3 351565,

E Ube do Aok wt. PH 1951 61 423468,
Wix, D. R, Fact and theana aboat muede. Fragr Brplks aed Binphack. Chem. 1954

Pergamon Prem.

168374, London,



Acts physiol scand. 1962, 53. 6473

Frum the Divioon of Food Chenntry Royal Imsutute of Technology and the Depat-
ments of Physology and (lbucal Buchanbtry Royal \etermmry Schod,
Stockhalm, Sweden

The Loss of Added Lysine During the Baking
of a Soft Bread with an Exceptionally High Content
of Reduring Sugar
By

L E Emiczox and S. Laxnox
Recened 25 “vovember 19%6)

Abstract
Exxao, L E and S. Laxnos. The Leis of added frnse dwog the
baking Mhdl;ﬂnnwﬂﬁwyrrﬁugn;u

H
8
%
4
E%
i
:
)

dihie acsd or alial followed by macrcisolopal determmanon
of 1be | o gave vahues of the order of 25 ., for tbhe low of huoe

In a previow paper we reparted the Jow of added Iymne and threoat®
durmy the baking of wheat bread (Emcsow Laxuox and Lo 1961a) It
was found that the lws o fysne was rather gnall — 10—15 as
by anomal expermenys and 5—10 a3 estmated by Loatid
— whereas the s of th d to be conuderably greawer 1o %

23
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mhsu;umlnudyofdmdﬁdmdudﬁteu)ﬂncﬂm,mﬂa-dn:d:hm
mﬂk.ﬁzhprmnnmdwrl—bcxnpmtdnumppl:mnmm\ha:btndwe
nouced that the supplementary valus of the dned milk was not in proportion
10 13 murrobsologically determined content of lymne which, under the coo-
diom of the expenments, was troe for the other supplements (Esscaon
Laxmox and Lo 1961b) This mdicated that part of the lysine provided by
the milk suppl had become uologicall fable during the baking,
probably duc to reactlom with the milk sugar Soch an iterpretation would
be in accordance with the numeroos reports dealing with losses of protan
boand lysme caused by condensations with sugars (c£ Hasmu and Lomszcxe
1960)

It » common practice m Sweden to add conmslderable quantines of syrup
to certain types of soft bread. In cne such bread, which accounts for a large
p of the total nmp of bread 1n Sweden, the amouant of syrup
b often a3 hugh as aboat 20 per cent of the weight of the flour It therefore
scemed of intesmt to study the low of added L-lysine HCl under these very
unfavourable condinons and also to obtain same nformadon oa the protein
value of this type of bread 1n which a muxture of sifted wheat and rye flour
B uscd. The growth rates and nitrogen efficsency ranos of young albino ran
were wed ax measures of protan quality Bemdes the anumal amay a mcro-
hiclogrral method to astumate the Jom of added lysme was med. Liver fat
content and liver tics were abwo d ined

Experimental

Analyixcal procdares The contents of hysine and threonine of the diets w ere sstrmated
microbeckogically All duet mmples wern extracted and bydrolysed as

Loucomaclac
medinm was Diko  Bacto Lysloe Away Medhum =3 oogl-
bys&*ng_.(u.l.(IM) Instead of sncubatmg he tubes at $7° C for

Soarmna, McGems and Loy 1958) for 24 h which gare
a sraghter standard cun and more reproducible Tl
determmed

wlog
Amay Medium for Strepbococas faacalis (ATCC 30H3) The amay tubes were in this
ot wouhated 2t 37° C for 2¢ b recommended
detale the

For further
resder b referred 10 Excaox of oL (1961a)
miyogrn content of the

detarminanom were carried out by weighmg samiples before and after
heating at 104—103 C for 24 b The beated mmplos were cooled In & desiccator over
mlica gel
After the cxpenmental feeding penod the animali were killed by decaputabion and
mhmwmmmd&muwmmmmm
The bread wil hereafier be referred ko a8 VR bread (Fes = beat, Rig =1y ).
3623015 Acta physisl, coand Vel 55
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From the Davision of Food Chembry Royal Innftute of Techuokogy and the Depaite
mentt of Physiology and Clnlea! Blochemitry Royal Vetermary Schood,
Stoackhalm, Sweden

The Loss of Added Lysine During the Baking
of a Soft Bresad with an Exceptionally High Content
of Reducing Sugar
Py

L~E. Exicson and 8. Larsox
Receved 23 “un embrer 1961

Acta phynol. sand. 1962 55 6473 — Ap atimation was made
uflhck-c(mwhmuuybhﬂnc HC that ocowrs during the
buking of a sl bread coauuniog & very high content of synup.
Rats and barterm seruad s test systezns. The mtrogen effickency rabos

In a previous paper we wm:lmofmdded}ynnclndlbm“’“;
durmg the bakmg of whest bread (Esiciox Laxmon and Lo 1561a)
was found that the los of ymne way rather amall — 1013 % =
by amimal expertments and 510 %, as exumated by a2
— whereas the lom of threomne appeared to be comiderably greater

23
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Amino acids baked fnto the bread were dimalved 1n part of the water used for making

025 my, botin 0.01 mg, preroy Iptutamic acd 0.02 mg, ©anocvbalamm 0002 me,
taoatal 10 mg, menadions 0.5 mg, chofine chlorde 130 mg, viamin A 375 L U and

conditsand. 1t may abo havre served o standardore the mts with ropect to thar protem.
recna

Tt should already at this stags be mentioned that the conmrmption of VR bresd by
the raty was oy low d to jon of wheat bread.

Results
In the fint serics of cxpenmenty, winch must be conadered as of an ex

W b found m cxpaments with whoat bread that the optumal concmination of L4ysine
HQ = sppraxioatedy 400+, of the wclght of ihe four
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Tabls ] Comporition of dirts and pain of wcighs for the rots wed 1a the iniredactory sries of
copomints. Thi comtants of 3518 and ticosine (4 the dicts were met deicraemed Teu rets
Bor grong xers piiem the Lavwens dicts for 35 days

Group  DNet Nlirogm Growth o
content £/day
% M+SE
A Baal wheat bread dret 208 L2+ que
B Basal wheat bresd diet + Q44 % Lipine HQ of
the ficar weight addad bfws baking 204 4163018
O Heal VR bread diet 139 024 £ 408
D AsQ but with an smommt of LJymos HO corre-
wponding to D44 % of the weight of the wheat flous
added gfer baking. Tho smomt was lncromed to
044 % of the tal amount of four aller 24 days 146 L8 4 08
(uLan)
E A5 G but with an amount of L-épine HCl corre-
ponding 1o 044 % of tee weight of the wheas flour
dded bgley baling L4s 1%l

1 per cont of the freh weight of the dact
This value was olstalnedd during the 24 fine day  before the bewel of Lbmna HCl s the
et war imcremsed.

durmg the baling of this bread due to in high content of reducing myan.
Another cxplanation for the poor growth would be that the rats did not ke
the tasie of the VR dicis.

A companson of the growth rates of groups D and E suggests that the jos
of added free L-lywne HCl was small in ths seris of cxperiments.

An attampt was abo made to increase the growth rate of the animab 10
group D by increanng the amount of added Llysine HCZ from 0.44 % of
the weight of the wheat flour 10 0 44 % of the total weight of the flour (wheat +
rye) However this did not sesult in & faster gain of weight (Table 1) which
:uggcstndthnt\h:pmiunv:]ueufryuﬂmuannotbcgmdynmpmﬂd
by addidan of ooty Iynne.

The possibility that the poor groyth obierved when the rats were given
VR dicts was due to ther dataste of the bread was investgated in a seria
orcxpcnmmumuhmhvannmadd.ldomwmmdcwtthRdwtiﬂﬂ’d"
10 tmprove its palatabelity AL djum gl meat extract, a chees
ma,mluornodlmchlmﬂnmtumd.l\odmukdfccuumobtﬂﬂ‘
butlhctcuulnmdaudonlhaz-dlghd)lugtrcomumpuanocuuﬂ’dm
megmnpiufnuihnwacgwchdeu(onh:chwatcrorﬁdlwmtm
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fdhmc-pmdﬂumd’uqh-lwmmfawp-pd‘ra
oprmats. The dicts were grom for 22 days

18 the scond. serics of

Group Deet Mo Detooiood ameet of  Awerags  Averago
of min of  pitrogem
e wuo- {L. 1- N 5,
binndnm-' rashon
HOU (oime I
= % b
A Baml whest bxwad diet 6 17 D - W1 A4
B ‘Butal whens brvad diet 4 QA4 7%,
Tbyslna HC L] i om -~ o 182109
G Pasgl VR bresd &et 9 8 eM 027 38 23303
[ L]
D A.lc,h;‘uhmmd
Liysne HQ
mﬂ’.uﬂhn\d;h(ddx-hm
four sdded afiw baking L] 1% oW Ay a8 126400
E A C ba whh an ammns of
Lipine-HO w
0,44 % of the wught of (e wheat
facr added gfier balaog ] [P T3 T2 80 156403
r As G bot with sa amows of
Ldysoc HO correponding to
044 of the moght of thawbhon
Romw added byfwv balong 9 1M dei 017 74 1198+048
G A C bt wnb sa maouor of
Liysise HQ corrompandag to
4TS % of the toinl woghe of
tho flour added Moy bakicy 2 183 A7 027 NP 155343
H A G b wih soowsts of Lo
bymos HQ1 and DLAbreonine
corrompondusg 3.5 and 4,38
of tho wal weight of the flour
addcd befe twh g 9 1% a8l an a2 JLEZXIA]

scries of

10 of the dict weghts

mmad:upu[anluunnconuin&n;m NaQl per titer
mwwdwuw@zmdmmma

first groups were given the bawal wheat bread diet with and without a tyane

mipplement corresponding 0 04+ Lyrne HOl of the flour waght. The
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Tadls UT Recocerp of added Ly sout- HCT [ron some of tht dicts of tha sacond strics of ocgenmenty
(¢ Toble 1) Tw contants of Llxsine HOI ars expeesced n wg fer g 1y oclght of e et

Duct Exuacuon metbod Lxperi Theocetural  Recovery
mencally conteat of K
derermined  added
content of 1-wine-HTY
addded wElg
Lyune-HQ
og/g

Groop D Twwxs ln cald HOIpH 25 [¥11 147 s

Qocr n coid NaOH pH 10 138 141
Group E Twace ko cold HOI pH 23 153 198 975
Onca la cold NaOH pH 10 131 iss 915
Group ¥ Twice m cold HApH 25 143 198 71
Once fn cold “wOH pH 10 146 L e

thud group recaived the basal VR diet sud the fourth and ffth groops the
same bam! diet 10 which 0.33 and 044 % L-lymne HCI of the waght of
the wheat fiur were added after baling The xxth group was given s VR
diet contuning 044 % Ldyume HCI of die waght of wheat flonr added
before baking and the seventh group a VR diet contaimng 0.475 % Ly
nne HC of the total amount of the flour (wheat + rye) added before bakmng
The eghth group received 2 VR dict containing 0.59 %, L-lynne HCland 0.30
o DL-threonine of the total weight of the flour added before bakung.

In Table 11 the compasiton of the dicts and the growth rates and nutrogen
efficiency ranos for the dufferent cxperopental groups are shown. Again the
extremely poos growth of the rats receving the nonsupplemented VR dit
should be noted Alo the mtrogen effiaency rato obtaed with the noo
supplemented VR diet was much Jower than the mitrogen clfcency tto of
the nowsupplemented wheat bread diet. Supplanentatia of the VR dict
with Ldyrne HCl led to a drastic improvement 1 both growth and efficiency
of food vulmzaton Houever s comparmon of the groups D E aad F indicates
that the Jous of supplamentary Lyune HCI during the baking was con-
uderable 1 thi expenment. This i alto borme out by & comparion of growp
E and group G

chc;mmhramortbcmuogmeﬂ}amcymlk-ohsamdew
agamst the hune contemt of the drets, it can bo seen that the high growth
rate and nitrogen effic encv rauo ausocuted with diet H can pot be
mlbglnmdtb:hxghai)mmzmto{mbdmummpu:dwdmu
but must have resulted from the additon of Di-threosine to dict 5. The
nnmxmdﬁdmcynuoufgmupH,huadonVRbuudwppmnmi““h

strogen oficccy mavo (NER ~ i o = weght per gram soges commcd
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Tabls IV I*MdﬁMMMﬂW(WT},(MW
acid irexsemnecs (GPT) cad ormibine-carbamy! traxsferass (OCT) activhscs of the lsers from
1he rats of tha sacwnd serics of experomenls. For oonpariiven of ot diets yicen o the & furcwt groups
ot Todla IT

Grop Water comwest Fat content cor loyr- locr
% 1n per oo
";d”"““ Ul per 100 mg wet welght
A T30 168+ 079 2,000 500 1,808
B 701 + 423 141 % 050 2,500 700 2300
a 27 040 [rysyy 150 0 150
D rywiren 3L 147 1,600 0 1,300
E 70104 1732 L83 2300 0 1,700
F 7124 045 1644+ 118 1,700 500 1,500
a 7302 1732 109 1500 20 2100
H n21 021 1251 0% 2800 " 230

Ovly threr Frcrs per grovp were ssayed for coryme scthty

both 039 s, L-lynne HCI and 0.30 % DL-threoaine (of the four werght)
was the mme & for group B that was based on a wheat bread and supple-
mented only with 044 % L-lymane HCl of the flour weaght Houever It
ahoald be kept in mund that the mtrogen content of the VR diets was ap-
praumately 15 ¢, lower than that of the wheat bread duet,

In a previous paper we tned to otmate the lom of added Ldysine HQ
and Lhreomne usmg ordinary microbwlogical asay methods, preceded by
acd bydrolym of the sample (Exacox of ol 19612) If the added amuino and
docs not react with any other component 1n the bread during the bakung it
shonkd be possble to recover it by extracdon of the bread or the bread diet.
We have fnvestigated this possibility 1n & few cases and a full doenpbon
of the cxperiments will be given elsewhere. \When applied to some of the
VR diets wied in the present investigadon the method has grven resalts that
agree furly well with the anmal asays. This b «hown 1n Table IIT, where
the amount of L-lyame HCI that could be extracted with cold dilute hydro-
chlone acd or alkab are compared with the amounts added to tho diem,
Tt can be scen that 98—99 % of the L-hsme HCI that was added after baking
(sroups D and E) conld be accounted for 1n the extracts but that only about
73 .o of the LAynne HQ added before balmg occurred in a microblologically
avauable form (group F) o dilution effects were encomtered in the micro-
tnol amay which ind d that the only wlogally active material
in the extracty was lysine

Tabls IV shows the remarkable repeoduability of the water and fat con-
tents of the lvers fom the animah i the dufferent experimental growups.
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Thus, between the groups there are no ngmficant differcnces with regard to
the water and fat contents of the hivers. The acovites of the hiver ramammases.
have & tendency to increase with wcremumg beological valie of the diets,
but tha number of detcrmunations way too small to permit definite conclusons
o be deawn,

Discussion

The Jow of Lynne HCI dunmg the bakmg of VR bread can be estamated
from the data in Table I by plotting the mitrogen efficiency ratlos (NER)
#3 a fimction of the amount of L-lysme HQl added after bakmg and the
diagram can be used as a standard curve to determme the coatent of L-
lymne HQ (added after bakmg) thas s equivalent to a known amount of
L-lyime HCl added before baling If the NER values for groups D E and
T arc compared in this manner cue amves at a loss of L-lysne HO during
baking that 5 approxmuntely 30 % Thus i considerably greater than the
losses encountered dunng the baking of wheat bread, in which casc the low
of Llynne HC as judged by a mt growth amay was 1015 » (Exacsox
¢t af. 1961a) The figure for the VR bread obtained by the animal expermments
agrees fuarly well with eshmates made by extracton of the added lysne followed
by microbaological amays (Tahle 111} which mdicated a dom of 23 %

Ihe data of Table I and II abo demomstrate the exiremely poor protes
value of VR bread. It o Lkely that a great part of the proten-bound lymne
mLhcwha&mdrycﬂourmcdfor(hnh—ududmmyniotinuﬂﬂ!ﬂi
dunng baking due to the high content of reduang sugar i the doogh. Thlt
& particulardy unfortunate conndenng that we bere deal wath the most waddly
wsed type of bread in Sweden. One m agam by this obscrvaton reminded of
hoy mportant t 15 that move 1s learned about the availability of amuo and
and other nutnents m food products ready for connumption. The finding by
Ruxaos (1956) that great komes of lymoe occurred already during ould best

of & dict 3 that wwed by the Finnuh people shoakd be
apecully mentoned in ths connertion.

Supplementanon of rye flour or rye bread with only lyalne does not seei
t0 lead 10 an increase m protem value comparable to that obtained on lysm*
supplementanom of wheat flour and wheat bread. Tho i indicated by
data 1 Table 1, whare an increase 1n Iysine above that needed to supplancat
the wheat flour of the VR bread did not reslt 1n an improved rate of powth
We have made umilar observations also with ryc becad and rye flour Thee
studics which will be pabluhed shortly indicate that a combination of lysine
mmeummm.mmmmm:dmwﬂm

“The dam on Tver far presented n Table IV do not indicate any drase
dfferences between the groups or any pathological changes of the Iver-
Duc 1 the wide indsvidual vastations 1 the different groups no canclusi
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evidence for changes i the GOT GPT and OCT activities can be given.
A more complete discussion of thae data and of thoes from a number of other

expermments with bread diets will be presented in a separate arucle (Lazmox
Rumaxta and Exizoxr 1962)

The autbors world b s cxprem therr wacoro tnls 0 M. L Taoaéx, Kunptmen
AB, Swockbolm, who helped m in many phascs of thm work, and # Afy P Daxtoarx, hoog-
armen AB, Btockbolm, whoes skill and cooperatan duriy the balurg operatons arc groatly
Ovur thanls are due aleo to 3Mr E- Jan o, AB s esterdabl and Karsteos Bakery
Swockhoim, for placing tha facilitics of the halery at oor dispossl, and to AMr R. Koaeno
for sxperuocnal ambscasce.
A rowarch graat from the Kt aad Alucs 1 allemberg Foundation bt graichily eclnow ledged.
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From the Prychological Laboratory Unfversity of Stockholm and The Laboratary of
Aviation and Naval Medicme, Department of Physiology Karolinaka frstitutet,
Stockholm, Sweden

Catecholamine Excretion during Mental Work
as Modified by Centrally Actmg Drugs
By

and Bmorrra Post
Reeched 30 October 1961

Mamroo Fi

Wero
induced marked changes i mood, bat with one cxeeption (rerbal
perfocmance mnder barin changes In p were

not found.

Excretion of catecholammes has so far recerved relatively litle attention in
mvaugations concernmg pychophymological chango in stren condinons.
However the available data mdicate that an meressed excretion of adrenaline
may serve &3 2 senntive mdscator of reactions to sires. The mgmificance of
noradrenaline m mental strem condutions secms lew clearly cstablished.

Eutxs and Luwpnemo (1934) found a ngnificant mercase 1 adrenaling e
cretion both 1 pilots dunng routne training faghts and m unexpericnoed
transported gor. Noradrenaline was wiso sigmificantly higher duriog
flight than dunng ground actmaty m the group of pilots, whereas no change
was detected 1 the group of pasengert Przxarpaw o o (1961) found =
conpderable increase m adrenaline exeretion in students undergang boghly
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stressfinl 1 bnt drenaline otretson was pot much affected,
Eruapyiaw Hors sod Lawsox (1957) studsed the excretion of adrenafine and
nﬂudxaﬂhc&n!ﬂxck:yph)mandboxﬂﬂmmpzyddmﬁcpmmm

rormal cabycts 1o antcpetory sates, They copcluded that
w&mﬂd@hwmr&aﬁwmwm&ﬁﬂ (mrcpmcphrluc)
with ar withouat in ol E (s phrme) whertas tense, anxoous

huzpmv:mwﬁonﬂduphparcrchwdmmmwdmimdﬁmm
tion with normal excretfon of NE. These conclusont are condstent with the
esalts of Corms and Sovaeuan (19%9) and Sivmoux and Conew (1960)
winch indicate that nngmx”indnddmbrwp:mdmgﬂvihtwn&lnh’mm
& human centnfuge by in and have hngh G-
tolerance levels, whereas  anger m” mdrviduals resct with wacreased, adren-
mmm:wmmmmummqmcu
tween these obearvatons and the adrensimef)
states of fear yernw anger suggested by Foxxopareoy (1956) anu:mtczpai—
mens oo dfects of easecholanupe infomons by Fasmcosmasoses, JAixre and
\[AT[L-L (196&) u:d Furn:;ummn snd JAxrx (1961) an morease m both
i veax foand 1m a control conditon with
mﬁmﬁwsmmmmmb}mupuwmwm
dunng the infindons, Since, however thowe experiments involved siroa factors
other than mental work t b not clear whether pesformung peychological tasks
would m itelf exevt an Influener on the excrerion of dither o both matechol-
anunes.

lulht:ptun:m 7 the main w be d were (1) h

ton of a wemitrve ind} of the state of slight emotional
muhduwdhypqﬁrmhgmchobgzﬂlmh,md,ﬁw,(ﬂ)mw
in mood induced by peatoberbi modify theese autos

DoDXC TEACTONY

Methods
Senlacts
Thurty-two medeal undents, 23 mala asd 9 foouks, participaed to the experi.
nocnn. Ther ago ranged between 18 and 23 yeurs { erege 198 yean) and their bady
werghts brineen 48 and 95 kg (avernge G50 ky)

Dreg sdummsirwivun

and
ihe capmles contamed caber  placebo or » fall dese of a central rmilant o de
premant, both of which werr i common clinioal owe.
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Urinary calechelomises
Before and afler cach experimental seson the subfect emptied his bladder by vol-
volding th unoe represented an average secretion time of about 1 hour Iem-

Sabpcting atings
A aclf-rating scale (Jonsow, unpubluhed) coneating of 21 Jtems coverng emotiosal,
{ ! and cogmitive wa wed. There are 8 rasponse @ucgoria for cach

Y
The mumrical facior Vaitipluation Th tssk n to multiply items cousistmg of o0
I-dlglt and ooo 2-digit number There are 50 iteos armanged 10 order of Increating
dufficulty and the ume allowed was 30 mun 30 sec. The acore was the pumber of iems
correetly multiplied
The méwtns facter Leitor proups. Bach ftem combits of fous d-deter groupe Three
of these group are comstructed secording to a common logical pancple, wheress the

fn order of incresaing difficulty and the ume Lot was 5 mm.

lnordaloohummc-mmd:pc:dofpafcrm;nceuchtutmdhucdhl four
or fve parts, depending upoa the towm! number of tems 1o the st cach part o
priscd an equal number of licme. The subgect worked continuowly but tho Ume w=
nmdudllmzhzfunnbaim:p-nlndlhm4a5dmmmobumﬂ3h'
oach test

Stroop 3 colowr~oerd test

noted after 20, 40 60 80 and 100 words. Frve succemave trials were
p.m,\mingpmmiunudzmbtdbyimunde(wH)



scale and 1he colowm-w ord a2, The wine satple was collected ar the end of thae sewdon.

Resalts
Caticholasise txsreion

The roult of 1he casecholanune analyses are shown i Table L The it
problem concerm the effects of mental work on catecholamuee qutpat, The
table showy that the adrepahne outpat m both groups of subjects was higher
1 the placeho coadnwm when the sabjecty performed the peychalogreal testy
than during the period of inactny The diffrence o stastcally reliable in
both proups the tvalucs, based on mean mira-par differences, are 2299
(0w 13 P < 0.05) dor grwgp 7 and 3980 (df e 13 P < 0.01) for prowp JJ

by performmng paychological tasks caused an increase in adrenaline exreuoa,
whereas noradrenaline cxeretion was ot sffected.

The pext problen concerns the effects of the o drugs on the eatechalamne
exeretan. Table [ abows that i grawp J there were no noucesble differences
betwesn aiher adrenabine of norsdrenaline oustput 1 the placebo and pento-
harbeone condiions. In graep 11 ihe adremabine excreton was somew hat higher
after ke of metamphetaine than after the placebo bt this differener s
not gavsocally reluble (t w §.886, df =~ 13 P > 005 \oradrenafine excre
uoa was oot affected by the druge

A comparison of the two groupe of subgects shows that the adrenabine vajnes
ummmh@ammllmmmmmd
the diffe o between the two groum m each of the
three conditioms was calcuwlated by meavsaf the tat. The adrenaline valua
kxlhemok!mucdcm.dlmmfmmlundmll(hnmﬂxycndphncho
am:ﬁxm:)dsdnmdxﬂ?:rngulfmmdy Houwever ;hcmmp-munc-(dx:n‘o
drug conditiom showed to be tugher after
mizhe of h ine than after bark {t w279 Qw27
P <oy Shanongmﬁumdiﬂ'crcnmvueﬁoudbctve:némgmd
pbabomthmmmhagrwpdwb;mm:po-ﬂﬂcmmmo{
m:dxﬁamkmdbﬂ‘emthcmodrw d. s that
and i affest adrenall mvppedmﬁhm
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Tabie I eans and S E. for wns volwms {ioms for sureium for sample, ind winary
ortion of catucheiamo tn bre grevks of sacts -

Group 1 Group 11
Inactivity | Mental work Inacthaty  Mental work
TPlacsbo Protoparh Placebo Blaoph,

Utme ml 174 £ 322 974234 761160 2054373 138175 1211247
Time foe wrine
secrchen min 12787 S L36 59+ 46  I151 43 52120 3%6+25
Excrerd ade
ng mm 68+ L3 110L12 10815 8419 152126 123+26
Excreted norsds
og min 193:£20 24126 2L04+ L9 200420 29L39 22212
Sebpactue reactions

The self ratings under the placebo condipons indicated that the subjects ov
the whole felt at their case dunng the expenuments and were not murkedly
d.umrbcdhylhctuugwcn.Cumpxmon:\\ucmadcbemccnmbju:ﬂt
ratings under pentobarbitane and placeho i and under
amine and placebo drtl As was 10 be “th:twod-rug:hld.m
the whole, oppoute effects on the subjecta racntal state, The changes indoced
by pentobarbitone were mare and more pr ced than thost
pmdu:n:lbymmmyhcumnn

1 of the diff¢ 3 bark and placebo
cnnthun:Lhakcdlhu!hcpnmuymhjccmrd‘facuothhdn\x“ﬂ“’
reduce feelings of alertnems and effl Statistically fi
umobumcdmmpcmmmdmuamdat,tvd(P(Oml)bmnm
dear-headed, woking capacty (P < 0.05) All differences were 1n the direction
of darrtased alertness. There were no marked changes 1n such aspects of mood
ay happy cardree  fneodly”  mritated” o calm” “restles”

Cmnpcrmmo{nﬂng-\mdzmampbchmncmdphzbowﬂﬁm
Mmmmmmrmpdwdpwwmﬁh'

However the diff were on the whole slight and sastcally
sguficant only for two rtems, tred and dwary (P < 0.05) mdicating a0 &
aeesed alertness. There was no mdscauon of a change 1n fechngs of relaxatod

Purformance
Thzran]nohulncdmzthlm'-mmx])xainimmrdw
accuracy of perfonnance (Table 1I) Undcrpcnmhrlimneucomp-md
phccbolhmvnamlhunuyugnlﬂmmdnamlndwnumbnofw

mﬁ
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Table I Afscxs mnd 5. E. for sumber of oms corrritly mived im intellucivel tasks durag deng
ond placchs condiroms 3 b gregs of nbjects

Tuk Groap [ Group 1T

Piscrbo Poxolwrb. Placcho Afetumph,
Yabal. 3619 + 060 25 £ 092 .75 Lo 36634 Lo
Nomerbal 4219 + L11 4125 1 136 a2HLLM 4269 1. 1.88
Inducthy 1544 3 0.61 1319 + 067 1681 3072 1669 L a5
Spainl 1680 + 062 1663 + 090 1669 £ Q87 16563 Q43

correctly solved In the verbal toxt (¢ = 2350 df = 15, P < 0.035) but no
changes In the other texts In erther speed or accuracy Mo effects of metamphet
anmne on performance were secn.

The data obtalned in the coloar word test did not permit clagificaton ac
cording to the prmciples of Suarit and Nvacax (1959) of & mfficient nomber
of subjects to make posible a statistical analysls of drug effects. The data were
abo treated 1n & con 1 manncr by ealeul the mean time taken to
complete the test nnder cach condidon. Paformance was found o be some
what slower under pentobarbitone and qucker under metamphetamine. None
of these differences, however reached a satistically sugnificant level

Commants and Conclusions

The cxperiments showed (1) that the fon of ad line | d dur
ing the performance of psychalogical taiks, wherras noradrenaline excretion
was not affected, and (2) that adrenal was ficantt

were found between placebo
lndpmmbarb{umccrmdnhnwl)nrphc:bonndmmphchmm:
cmd:ﬁmx(_;nqil[) mﬁtgmmhnmmhthechﬂydmwmtcd
between don in the two drug conditions, suggests
that the two drugs act in opposite di on adrenall Such an
interpretation is conshient with the ciange in mood, aho 1 oppowte dimec
tloa, induced by the two drugy
The aspects of mood affected by the drugs were primarily those related 1o
alertnes, whereas for cample tems indicating degree of relaxaton ( calm™
restlen”™) were not Influrnced by clther drug That pentobarbitoae falled to
induce feelings of relaxation may have been due 1o the increased strain of per
forming tasks when feeling tired. Hence it scerns conceivable that barbiturates
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mught act wore strongly to reduce adrenaline excretion in other types of stres-
stuanoms, where one » not required to concentrate on dolng mental work,

Dunng pentobarbitone the actual performance of the subjects remaned un-
dusturbed in three of the four intellectual terts, but the subjects felt that they
were workmng less well. This dicrepancy between aectual performance and the
sabfect s own umpresons of his eficency suggests that the subjects were able
to pull themsel 3 together™ for short pernods and overcome deletenou drog.
eflccn. 1t should be pointed out that when the same tests were used i &
penments with mitrous cxide (30 N,O and 70 4 O,) severe perfarmance
decrements v ere found (Frarxemaiaruses and Brexuax 1961)

1t may be argued that the increase 1n adrenalme excretion in the placebo
condinons was suociated with the miake of the capsules rather than with the
tadng. Although pamble effects of placebo on adrenaline cxeretion cannat

be excluded such an interp appears farfeiched in view of the fact that

chol 1n & previ igation (FraxxavHarus, Jiers
and \ATELL 1961) was shown pot 10 be affected by placcho infunons, when
the suljects were not engaged in mental vl Consequently it sooms

Jusufiable to regard the prychological testing as the main stresor

Tt may also be asked whether 1he present experimental ntuation can be
coundered a mild stres-atuaton, The goneral attitude of the subjects ceramly
indscated that they did vot consder the ntuation parucularly dhsturbing. Soch
an atttude was 1o be expected, unce the subjects were all medical students
jand \ cre wed 10 frequent examnations. They had also been nformed that
thelr test results had o bearing on thar scademuc work and would be treated

Sdentally Furth the experi. 1 ere udents of about the me
age as the subject For these reasans the mtuation can be regarded as only
mldly stremful and an incresse in adrenaline cutput may thus be
a sennine mdicator of resctiom to menial stran In arder 1o asscs the s~
sitmty of adrenaline excretion as compared with other physiologscal procesa

1y used ay ind of siress such as heart rate, hlood prev

sure, sk reustance aod muscle tenson (see e g review by Maxv 1961}
umultancous measurements of the vanous reactions would of counc be re
quired. In ths connecuon 1t u mtarasting to note that in experiments wilst
10 those prescoied here heart rate was ound 10 morase during mental work
(STeooERo  personal commumscation)

Thus the present in augaton suggests that urinsry excretson of sdrenalise
pmwdanumdmrmm:tdn:cuamwmmulwmlndmlcmmm
mgdrng:mymﬂmnmmhmaummndmgmmm“orh

W wsh to thank D C-O Jomeos wlmhmhmn‘:
constructed by bem at o duspoaal Mes ! faxason, M L Moy and Mr P A RS
Sor sudstance m e prychulopeal work and Mus 3 Buina, Drparoment of Piynohg K27
Touke kasiruter, Sor casmyiag oot the caerholamns analyscs The i cstigation was mppor?
by grant ko the 3 ediah Councl kor Sactul Science Recarch.
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might act morn strongly to reduce adrenaline excreton 10 other types of sirew-
situatont, where one o not required to concratrate on doing mental work.

Durwag pentobarbitone 1he actual performance of the subjects remained une
disturbed fn three of the four intellecrual tests, but the subgects felt that they
were working lews wedl. Thu discrepanty between actual performance and the
subject’s own umpresnons of his effiaency wggests that the subjects were able
o pull themsclves together” for short periods and overcome dedetenous dmg
effects, 1t should be ponted out that when the same teats were used m &
periments with nirous oxde (309 N O and 709, O ) severe performsncee
decrements were found (Fraxxuvaxoies and Broodaw 1961)

It may be argued that the increase in adrenaline exeretion in the placeho
conditrons wat anocaated with the iniske of the capsules rather than with the
tating  Although pomible effects of placebo on adrenalme excretion Qs
be excluded such an interpretation appears farfeiched in view of the fact that
catecholamine cxcreuon in a previous Investigation (Frawxrvnaroas, Jiers
and MartaiL 1961) was shown not to be affected by placebo wnfusions, when
the subjects were not engaged in mentat activities. Conscquently 3t soonz
Juuflable to regard the prychological testing as the main stresor

It may also be asked whether the proent expermental situation @n be
considered & mild stresatuadon. The general attinude of the subgects ceranly
wndscated that they did ot connder the ntustion parteularly disturbxng. Such
an attude was 10 be expecied, since the subjects were afl medical gudtss
)mdwmuudwfmqucmuammam%cyhadlhnbmhfurmcddm
thewr test Tesulia bad 5o boanng ob thelr academmic work and would be troted
confidennally Furtharmore the exparhmenters were students of about the same
age a3 the subjects. For these reasoas the situsiion can be regarded as only
roildly stremful and an wncrease in adrenaline output may thu be
a senntive shcator of reacuots o mental stres. In order to amesa the see-
sitwvity of adrenaine excretion a3 compared with other physiological proceac

fy wsed an ind + of strem such as beart rate, blood pro-

sure, skm reusiance and muscle tenwon (s & g review by Mantin 196)
sunultancous measurcments of the variows reactions would of course be e
qured. In thu eoonection 1t 15 tcresting to note that amilar
10 those presented here heart rate waa found to increase during meatal work
{STromena  perwnal communucation)

Thua the present mvatigaton wuggen that urinary exarenon of sdrenaliod
anukmmdmwmmxmmwwu’m
acting Grugs may miluence adrenabine excretion during mental work.

e wih 10 thank Dr C.0) Jovwo, Bockombere Hasprial, for placng the satleg 63
utracrod by b at e dupowal S 1 Lamsers, 3. L Marsuawon and 3. P A RIS
for somstacx 15 ke prychologeeal work and My VB, Departmons of Pipiolar X
Toks, Eowoiict, fos carrytag et the catecholamane anatysce. The bivestigation was ngparicd
by grect o the Swedish Councl fir Sochl Sexcncs Research.



REGIONAL CORTICAL METAROLIN AXD KO a3

In this paper a senes of expenments in ancsthetized dogs at steady state”
will be presented In which the reguonal cxygen consamption (rCMR, ) and
carhon diomde production (fCMR,) of the cerchral cortex was detormuned
and related 10 the ERG A new repestable metbod for meanuing the regonal
cortical blood flow (fCBF Lasxx and Ingvaz 1961) was used in combwnanon
with deternmnations of the oxygen and carbon dioxade content of artenal and
cortical venous blood sampler

The purpose of the present senes of expenments was twolold. Fintly we
wanted to develop an expenmental procedmre for muthes of the regional
metabolism and the regponal fanctional actvity of the brain o ree, Secondly
quantitan ¢ meayurements were alo made of the totue oxygen and carbon
dimde temloa (tmoe pO  Linzou 1960 tssue pCO Smapd 1961) mn the
cerrheal eortex together with analyses of the artenal and cortical venow pd)
and pCO, Thac daterminatioms were camied out o study the relatonship
between the calculated (Trxws 1960) and the directly meassred tisue pQ
and pCO  (Grxmumaxy o« 1962) Prehminary summaries of the present
expeniments have been pramited peesiomly (Ixgvan 1961 2 and b, Luzszgas
1960)

Methods

The promt romhs are based upon 9 apenments m dogs, of whach B ware succesef].
mndﬁmﬂlwmmhnwmmmth‘m
Ll the different technuques myolved were succemn ety developed and teated.

m@(mmummk;)msnmmhcw--m\mmmm—bw

1g) injecied mio u(dxﬁxv-pnr cmbutal anesthcla was Later renew ed
d-\n'w aperimenn by dshmlb-l!:mah:hninmn—dhm:mly
Joually 150000 1 U of pemucilia and M.dﬂ:‘ydrc‘m)dn(lmlufﬁutpu;.

penin, habi, Seockbolm) was ad lasted 10
—18 hoars.
polyztin kne cazules were matmied in both fmarsl
for by means of a capactive cectromanometer
Siockholm) and for artenal blood sampling. Two canmlae were mounticd m the

gven with blood aquired the same day from anotber dog. Dextran (Pharmacia, U,
wala) was wmed 21 blood sutstitnur. For the dotenminatson of coctical blood flow tp"pc-'
mmvmmm&mddhmﬁwmmmm
of these two eannulee were brought up Into the carond arteries 1 end at the caroud
bdureanon.

Thzhadd’thcdo".mmmdm bead holder Cranjotomy was then made agier
ractnon of both temparsl muscles, In order 0 chiminate extracercheal fnlets oo
diplinc anastomoses 16 the wupenor sgrital sinoe, & midline resccton of the cranial ol
(20 mm m wodth) was made. Blerdmy from the opened diplobc veins was smopped with
umsll peecrs of Oxyeed (Panxy, D Vo and Co) Car was talem not 10 injure the dura
éwm.lhuprvu:daan?oﬂanm;\hkthcbunddcnmm\ad\hh-hﬂhudtmng
dental cement (Swedon, Sicdi Co, Enlopung, Sweden). The moat occipaal part of the
aauotomy was, bowovor left open for the subsequent cannnlanon of the supenor
wpal ko (see bidow)

6623013 Acta phyned wcand b ol 13



electrocneephalograph. Channcls used for EEG recording had a lncar frequency
respomse between 0.5 and 70 cp. A paper speed of 2.5 or 23 mm per sccond wad wed
The dog was then tranderred to an experimental table and placed upon an clectrical
heatmg ewsluon. A thermocouple was placed decp down in the ocsophagus and connech
Copenhagen) Another i

ed to an o (Electrolsbx

was placed on the cortieal aurface. Between 05 and 1 0 m! of Flaxedil (Aar aod Basy)

wat then given and artlficlal respiration started. (The fint three preparatons of e

ey were pot curarized but breathed spontancowuly sce Tahls L) Intra oo o

firnons of blood or Dextran were abo made, 100 mg of Hepann (Vitrum, Stockbolm}

10 10 ml saline was thep given 1.
Determimatson

aher 1ts introduction. VY thin the uous the canmula dad ot Gl the himen. The froatd
end of the cannula was brought forward 1 pom(nn:tbemu—anc:d’lbcr“?w
parangiual eine coming from the ugmond g1 oa cither nde (FIE. 1)
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Tbnvmuulndlhcmcdﬂnmphwmdnﬂlhuly&mhdmnmdme&mnrd
dy with p indzed 2.5 mi all gha syringes whach had

wm 3 03 mm. Samples contaming air bubbles were Immediately sfier the
samples had been taken the pymnges wore scaled with mugly fitug plastic uoppens and

Lerred for gas tension and the tric anatyss of ovygen and
erboa deoxide

The pO and pCO of the blood samples wer  determined by moans of the raped
mmultancows wethods devedoped by GLixcaaor and Lemons (1960) The eror of
fuch determmatsons 13 ke than | *,. The pH of the semples was detenmned by mens
of the bhad of & AxD A dal (IBGGJ The ax gen and curbon dsoxde
comtent of the ampla w. d in double d whh the van Sura
method {vax Sun-nd\mmﬂ) Hemoglobm concentrabon way determmed with
1 Ljungberg colorimeter

The corthal thmue pOy was measared directly oo the corneal surface, after exemon
dmmm-&mmamum-mmwm

relatrve, a8 well m di abaclute of the tene pO,. The cortcal
timue OO, was measured mmilsnly with the cectrode des eloped by Smgd (1961 In
wnesthena the placement of the pCO  clectrode oo the cortieal rurface b not annaal

{Stezpo 1961) and It was therefor  placed about 2 cm pasteriody w the other sarface
devices

maayTng (Fig 1) The resulny of the tesue tenmon meawranonts will be
dralt wuh in  separate (GLcniads o ol [962)

Experisumdal proceémre. Constancy of temperature, presure, requradon and EEC
was coosdered & prorequaite for the prosent axperunents. Foc this

and the hematotrt were mdnnchunqimgpcnui.lnm:ofdthm
apeinmt up o 3 complete st of drerminanons could thos be made.

Rusults

The main reults are found in Table I There were %6 complete sets of de
terminanons which permutted a calculaton of 1O and rC Duarmog
tancously w 1h the blood sampling or 1-~5 min before and/or afier the rampling
Innﬂthucau,cmep(umc.lh:nunmcdrwhuun,tbcrupujnm,mdthc
EEG showed ruffick y to permut the I that the rCBF valoes
meaured wert repramtauve for the rAVDs gbtained.
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Tabls 1: 1
Experi- | Artery Binu
e
o, co pH co pH
p |veu p 'w.x P Vil% p V%
1 — A1 — 4008 -~ 18— 538 -
it 550 1597 260 M6t 75 195 192 540 49m T
L 1 960 163 340 3060 71360 28 140 5635 M4m InmS
2 250 1342 M5 3646 T30 235 269 620 4706 70
3 920 1303 265 IR 7255 165 11 485 9137 143
IV 1 733 1637 290 1936 737 10 11 510 a8 1
2 650 U477 295 1M 7360 251 453 447 ja8
3700 1531 275 2046 7365 265 329 495 4164 124
4 700 1408 300 45 720 M0 24 ¥0 4741 1IN
Vo1 95 1673 303 3381 7340 323 12 SA5  AM 1%
2 820 1717 315 320 7330 2803 338 S50 415 128
3 800 1619 430 3694 7283 300 483 650 4900 124
4+ %45 163 10 1903 7380 195 291 400 4231 73X
VI 1 850 2167 220 IBAD 7380 15 346 440 410 75
2 003 2253 30 79 7AM 413 1D 485 A6 11
3 TR0 ISI7 A4S 332 7250 445 557 A0 4153 1A
4 TS 1L 405 36 7387 40 671 S5 4N 1M
' H 03 1M 403 3871 7275 43 50 M0 @35 77
VII1 910 209¢ 34 M2 7280 487 1040 500 4871 TN
7 M0 2136 305 2SS 745 442 1250 610 4461 TIR
3 B0 2183 4435 @ 720 MS 11 M0 M7 71
4 810 179+ 300 750 7308 417 A 723 4600 71N
™ 1 980 1837 300 4240 7435 264 %19 45 5ell 738
2 S8 1947 255 M9 7455 272 A77 435 % 11®
3 SeD 1251 D M6 7415 253 494 515 s1s1 13
4 1130 1968 142 1735 1600 207 501 280 {245 140
5 35 602 520 s048 7185 133 138 6M0 a4 TIX
case concerms determunaton VI 1 (in Table I marked by paree
thoo) in which the rCBF aluc given with all probability was 00 low In this cu tbe
blood fow way messured three munutes befoeo the biood eampling was made durlaf

suddenly and there was Ty mtoe arousal reaction in the LEG w
samphing penod. The high alues of AVDo and \VDeo are noteworthy (Se¢
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Tebls 1 2
RQ  AVD CBF rQm EEG
[} o, o, o Dommast o

LOS 1235 1297 044 54 7 2+ 3 wocBcom
L1 1485 1808 037 52 €0 =3 M
L10 1254 147 056 73 a0 1 3 eome 8 ou
059 1073 1060 057 &1 60 052 S fast alwent
109 11 1308 - - — a2 s —
110 112 44 043 58 €2 2 A smeBops
113 1LE6 1a67 34 4.0 46 053 5 lemBope
L6 12722 1143 o4 35 31 05—+ 5 —
Lis s 1208 019 29 25 653 8 aome 10 qu
181 12EY a1 M [X] 76 10 F  woedom
184 AT 14H s 77 an 35 M some 3—10 cps
LS 1134 1206 097 (3] 69 7—10 F  vory few 23
053 1365 1341 W49 .7 &% 13 S spindles
0% 1621 1351 (Q79)  (128) (123) abos 10 F  arcanl
0% 1024 258 06l 53 54 3—10 3 ariable patem
Lie 50 &4 08 40 44 418 M oos spaodle
18 ss8 €30 o0 53 L7 712 F  fow speudles
108 614 664 OB FL] 39 1108 uM —
L0l 1146 1148 es3 &1 $1 8 F eomelem
1@ ws a0 ae 55 56 64 F somolge
185 1028 1112 196 12 18 46 A omelcpe
Lo  #ea 910 100 o~ 4l 46 A km2em
106 s13  am am 71 18 10 F w4
191 13w nm e 27 93 -1 F  smel-Sge
089 1487 1% 08 12] 13 -7 F  wome?-3cm
193 e a0 09 114 137 B F  smeme 6 ge

&
£
&
8
t
3
)
1

In the fint 10 cotumns of Tahle I the determmations of blood oxygen and
carbon dioxde tenmon and coatent 83 well as of pH are grven. These valucs
mﬂmmmdmmnwmdwdﬁmw
There were some hugh pH values obtained when slight hyper
Grﬂdoutmdmbwn}uududnghypmmuhm&mcddudda
munations were deliberatcly made sab fimem 1hortly before the anfmal died. In
mmohhaccmnmu—c\crcngmdhmh:cd.ma,ln:mn:nd,otuphrm.l
fact which might explun the abamant -alues recorded. These values are In
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370

318
375

s

general excluded from the folb

4

1739

mined will now be bnefly commented upon.

140/80
110/70
150/100
1304105
80/50
150180
150/90
150/80
ua/®
150/90
140/100
150/100
1%0/90
110/80
1%0/110
140/100
130/90
100{70
145/90
150/100

Remarls
Falling hiood prosars
Remration changnl

Morlbund

[

E‘ii!
PoE

CHEE

cdema, hypo-
entilasion

ll§

Markedd byperyensi®
thoa

Hypovemtation,
morbund

Some of the variablar dster

The cortscal respr went, RQ From our
thcmcmbolhmw ambmﬁmdummm:mww&mﬂ
RQ should also be close to umty (Hnwicu 1951 Melrwane 1955) A-"““d‘
the corresponding column of Table I this was found to be the case 18
magority of the determinations (¢f Scmapy hrrv and Poes 1945) o

Tha regwal cortical blod f 1CBF A mean value of all 28 determina

present knawledge of
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CMRO, EEG

lllll'___:l |1l FasT v«\+4x+ﬂ~*4¢x¢‘&‘,f4‘\~
| lulju | Mim‘m{»ﬁflﬂwmtybwlr}l
e

3123456783 0N2BK e 20V
ml/10g/ren.

Corrclation betwern repoml cortical uptake rate and EEG. The EEG paticra

;*w:uqhmkauthdmahmm 1 clmified a3 | Fost when

froroencies of § to 12 per mrond and dow w e ware abaent, w2 2.

oo -ﬁm‘m-m-hnummm-s. when bagh

oling: wmres of €.t 4y cles daslosied the patser Each vertacal bar determi-

flow of 1.38 mi/g/mm (+ S. E. 0.12)

Tht erterw-renses differences for axypen end carben Goxide 1AVD,, esd rAVD g,
The majonty of the AVDs were found in the mange of 10.0 to 14 0 vol. per
cent (averages 113 + S.D 2.9 and 117 + S.D 3.1) a fact mdscatng a falr
coxatancy of these vanables. Thh confirms previous studses of the hrain as a
whole by Noerr and Scommrx (1934) and hery and Sananr (1945) who
llmdcmmmd-umm.cyd’dxu:rcbrﬂ:.v difference of oxygen m
The valua found are in general higher
IhlnLhmefotmdfnrlh:uhnl:hnh]Kumnh)-byScmﬂmd‘L(lN&) but
they agree with those reported by Hosmxorr o al. (1846) from studies of mons
blood n the dog (3 determmations, range 3 4 to 12.8, average 10.0) There
were In the present serscs some rAVDs lower than 90 ol per cent in which
ancmia (VI 4 and 3) andjor asphyxin (VI 3 VIII 4 and I1X 5) might have
been of importance.
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comparson to the non-anathetized state, only xmaller differences in regponal
cortical blood flow arc seem 1n the anathetized state (Soxortorr 1961) In
sunmary there fs therefore reason to believe that, at steady state, the samples
obtuned m the supenor sagittal wnws really were representanve far the
smaller arex 1 which the rCBF determinations were made. It scems necesary
however here to make s reservation for certain non-steady state condibens
(#ee below)

It should be mentoned that in the prasent wenes of experiments we have not
taken fll advantage of the true regonal nature of the technique wed of
mestuning the blood fow rate. Ths would have required w blood sampling from
a superfiaal cortical vein commg from the area (about 33 square mm) o which
the hr*® measurements were made. There are obvious mia for the regsaml
arculaton and membolym mvolved in the cannulation of the superfichl
cortical vessed and, unce the anmn of the present work only was 10 fake grow goo-
eral changes of the cortical fimchonal actrnty into conmderaton, we coofloed
oursclves to the study of cortical venows samples from the supenor sagittal sna.

Carrelaion between cortical funciional actinty and corticel oxygen whtols rats The
crude correlation between EEG pattern and rCMR,,, found in the proent
cxperuments, a1 shown m Fig 2, confirms observations fram large seties m man.
It has repeatedly been demomatrated that m the comato state, srapecive o
1o canse, there 1 a marked reduction of tho total oxygen uptake of the huwan

(reducooa from 9.3 to about 20 mlj100 g/min ¢f summary by Lasni
1959) Tu such patients the EEG shows a slow wave pattern with ngh voltage
delta waves (05 p 3 ¢ps) We wnterpret the group of obeervatons in which s
slowy EEG patiern way found as due to deep anesthesia, andjor asphyxs, ssdio
traumatic facton pertaming to the experiment. It is therefore reasonable to &
clude this group from a conmderatiom of what could constitute the “nocmal 6%y
gen uptake rate of the cerebral cortex

Ann-a:g:rChmﬁ.ﬁth:m:bnlmnngmmﬁngtmxwd,orﬁnW'
EEGpnna—n,wnhmdwbc??ml}\Nglmlnhnmtgem\tht
sexics, a figure which compares favourably vath that of Hospunaxs et ol. (1946)
mendoned sbove. Sunct our expenments were carned out n barbliursie
aneathena, ¢ secmy reasonable o conclude that the axygen uptake of the et
bral cortex under normal phynological condition 1 higher However the efiect
of punful sumub and  amnety” causing arousl should not be
dnc:tha:mmu:lrepommmchmmmlhnmchfwtmwb‘b‘
asodated with cerebral oxygen uptake rates which are substantally hught™
than at rest (ScaxmT o of 1945 Sokororr 1956 kary 1961 Lasex, Frx
srmo and Laxz 1960) In thu connection, 1t is of intercit to note
expecially the four hugh values of sCMR,, found here, that SoroLorr (1961)
in ten constous cat, ke the sensory motor cortex fumd an rCBF, of (.58 mlie/
min Usng an tAVD,, value obtaned 1n the pramt gpa{mmu,n“dl”
by Howsomaan ot el (1946) of about 10.3 vol, , the rOMR, far the B
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area i the conacious cat calculates to 14.5 ml{100 gfmin. We camaot avesd the
impresnon that thu very hugh value could have been due to the above mentoned
factons, ¢ g anxery and arousal present 1n the restrained condinons of ther
expermental ammah. Such smtes obvioudy differ from the physialogical
resting state and any conchmion as to their mherent cortical metaboliom shoutd
be made with extreme cautlon (OLErcusaord o, 1962) More cperiments are
clearly needed In arder to determine the axygen uptake rate of the normally
functiorung cerebral cortex.

The proat o adtion wa sppartcd by Uk Sw adbd 2odacal Rescarch Councal, the”haut
xod Allce W allenbergs Snfiucdsc s the Dintacke Forschonggroruscheft, Tochabtal amsisance bas
been ghen by B, Saauason and 4. Punas.
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Formation of Phenolic Acids in Brain
after Aduunistration of 3,4-Dibhydroxyphenylalanine

By
Axvip Caxruoy and \mwi-Axz Horaxr
Recenad 17 \oucober 1961

Abstract
Camzmox, A, and N. A Hutanr Fomawe of pheselc acds 14
it o almimration o S i-dibda phoyy babmine. Acta physol
woand 1962, 45 95100, — When L-DOPA (100 g Lg by wt.}
was gren mnhbmhnu-mmmuul‘ﬁntl%d.mxyﬂtu)
acetic sod (DOPAC) sod then homovanilec acid rapidly sceu-

phenolic ackds do bot casily escape froas the brain to the

O-methy lation 13 a major pathway for mactivatson of catecholamines m the
body (¢ Axmxod 1950 Scaarroavrvie and hosmam 1961) The prosence
of 3,4-dihydroxyphenylacetsc acd (DOPAC) 1 the nervous sptem (Eucrx
1958, Roanvoxex 1960) suggests, howcver that in thiy dwue a direct axdatve
dearmnation ako may be mpartant for the metabelizm of moncamine. In the
proent work the formation of DOPAC and homovanillic aod (HVA) m the
rabbit brain after adminutration of 3,4-dihy droxyphenylalanine (DOPA) has
been studied 1n order to get further knowledge of the role of the catecholO-
methy! tramdferase and monoamine axidase (MAO) in the brain.

Material and Methods

Lm?\(‘mmlgbcdy-l. ) was gnen to mbluts (2 0 3 1g) \er arying
periods of the animnals were knled by a0 Ly mjocton of air The brain was we-
Paos

obloogata
remored from the bram mem. The tiwue was homogeazed in cold 04 N perchlone
aod (PCA, 3 mbyg) Efnknedamnctetrascets aod (EDTA, | mgml) wes added

-
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to the centfisged extrnct wiuch was then neutralized 10 pH 6 with potassum carixnaze
a1 0 To remove wicrferng matenad the exiract was first shaken wiih afyl scrste
and then pased through s amall Dowex 50 column (pH 6} As aliquet of the duent
wax brought 1o pH 2 wah HCl and sxtucated wath N\ CL The pheoolic ackd woe

extracted with eth } actiate whxh was ovaporated m s roteting evaporsior oo
tasung 5 mi of wates DOPAC was d ined hotofloovinetrically after cons
3 with etinlened ® 1960) The seconery of DOPAC sdded

10 beam trane (5 4 8 g was B 10 108 .

Another abgquat of the efinent was brought to pH < 2 with metapbosphone aod
and extracted wih ethy) acetate. Afler evaporatnn 0 2 cmall -olame the extract was
h hed oo paper {b —~ prop wcid — water 90 14 1 wbutascd
N HE4 1 The pheoolic acds were vmualned by spraymg with dinstired poouso-
anfline (Stepwmz and Hansox 5930)

For determmanon of DOPA 2 porton of the POA extract was hrought to pH aboat
2.5 wath p g t 210 and sfersed 10w small cabion exchasoge colussn
{Domex W W4, O « 4 mm, weated with 20 mi of 0.5 M potemnm phorphatc,
PH 63 wuh 03 mg/m} of EDTA) After washing of the column with wato DOFA
was cuttd — free from calechofasnues — with 6 o} of 0§ A1 potasaum
pH 6.5, covtaummg EDTA (0.5 mg/ml; The effuent was collected as 0° aod smooc
daatel wsed for determmsbon of DOPA with the same meibod as that for DOPAC
The condemavon prodoct bas an kteme Onacescence with an sctanos pak st
360 mp and & fuorcscence poak at HO mp {uncorrected) Reunery of DOPA sdddd
10 run o wa % w0 B

Results and Discussion

ie the bram frum normal rabbat the content of DOPA, DOPAC and HVA
» 100 bow (Table § and 31 15 peroat determinavon with the mribods wed
After admmnnirauon of DOPA, bowever large amounts of thew aods ap
pwv:d.Onpapcrchmmnognpbyo{mncu.mnmnmgmcmmﬂ
mh)fDOPAC;ndH\A,woxbaphmdwaad:mdan.msmm
of DOPAC d f am the chi agreed well wiih those deter
mined Suwnmerricall  knd the Bucrescence spectra were sdenbeal wath thad
of pure DOPAC condensed with eths lenedussne. There o thu listle doute
that the methods used nse furly eluhle for the purpose of thus sudy HVA
was cnly d sermg fy on the cb " The wentty o
th phenolie acud seemns t be antablabied froe the nme relauonstup of s 39
powrance an the b aw and Mood fee below, 13 chromasographuc behaviost
h Aou am spraving with d ed p- lune, the extrat
uonpromdu:cmdt}m&a\}mnd:dmfmmaﬁuwmtmdamwﬂ
with eth lenedmmne
DOPArAptdl\aypczndmddmppwtdmth:mhmdbkmdﬁmﬂ
iv zapcuon Table J Thedauwggmdmxhnammmdﬂw‘)m
(Cumsos Gxrexoaxo and Loesraaso 1560, — rapdly equlibaies b
1wcen biood and braun usuce
Afier sdmmisravon o DOPA DOPACG appears apeoally mWF“;
ofﬂwbramuhxhwmlhha\:anptdftxmmmdwbohmmﬂi
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Tabls I DOPA/”I;)H&J:HLH{M@E‘L»MJLMPA
(100 myjkg) o DOPAC (100 myikg dimdnd cx tie ipactions ureth m roieronl of 30 mia)
Rescrpe: o Table 11

Thos Number Brain sem  Corebral Blood
o of animeh hembspteres

Controls - 2 <oz <oz <az
DOPAQ 1 2 <02 <02 -
DOPA as 2 19 28 11
DOPA 1 2 43 69 44
DOPA + Rescrpme 1 2 19 26 20
DOPA 2 2 L4 25 22
DOPA 2 1 L1 20 17
DoPA 4 2 ] <oz <oz

Table I DOPAC (3g)g) tn brasn, Haed mnd heart of robbils ofier L. 2. admonsiratun of
L-DOPA (100 g kg) o DOPAC (100 mg kg dxvied ia (1w conctomes 14k #m ratoreal
O X ). Malamads (100 mg;ky) and reocrpms (5 mg ke) wers gl o 20 Jrs.
kifors che DOPA pction (a isow expuriments

Twae Nom- Beln  Coe Coe Blood Heart
ber of wem

m bral belkm
sabmals benl-
wpberey
Controls - 3 <ea2 <02 —_ <01 —_
DOPAC 1 2 s 04 - u —_
DOPAC 1 1 12 es - 12 45
DOPA o5 2 17 30 -~ 40 —_
DOFA s 1 15 a4 - % 1
DOPA + Nualamue s 2 as o -~ 15 —
DOrA 1 2 [T 20 15 73 —
DOra 1 1 LN} 2z o 12 a0
DOFA 1 2 [ — — 39 —
DOPA + Reopaee 1 2 75 Le o3 10 _—
DOFPA 2 2 72 oa — (L] —_
Dora. z 1 57 s - as <1
DOPA 2 1 48 bt — — <1
DOPA + 2 17 a3 - os -
DOPA. 4 1 13 03 — as —
DOPA ] 2 as <2 - <a2 _

dicating that the add found o formed in the trsue tself (Rostxomron 1960)
Canfinming this, much hugher concentrations of DOP AC appeared in the bram
stem (inctuding the basa! gangla) than in the cerebral hemispheres and cere-
bellum (Table II) That the phenole acid did not accumulate through uptake
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from the blood is furthermore seen from the data in Table II, When DOPAC
— 1mstead of DOPA — was ad. d, high ioms were found 1n
the blood but only low 1n the brun, indicating that DOPAC — like p-hydroxy-
phenylacetic acld (Cmmioo, Geueaand and Uppirmizso 1960) — doos not
penetrate casly — if at all — into the braun, The red blood cells have also a
low permeability nnce most — if not all — of the DOPAC In the blood 1 hr
after a DOPA 1njection was present 10 the plasma (data not shown)

There 15 good cvidence that the DOPAQ found 1n the bran after DOPA
admunistration comen from omdative deamination of dopamnine formed through
decarbaxylatuon of DOPA (Roszworen 1960) Other pathways — through
transaminations (¢f Snaw McMiuzrarand Axusteona 1957 Pooiruam, Drais
and CLARE 196]) ~— cannot be excluded but probably are of nunar importance
from a quantitative point of view (Pooruwp Dmxit and Crazx 1961) No
3 4-dihydroxyphenylpyruvic acd was d d on paper chr graphy bat
~1if present — may have been datroyed on procesang the extracts, It 1 notes
worthy that t 0 inhib tors of monoamine oxrdase (MAO) — ipromsasd (Ro-
sexorrx 1960) and nulamide (Table 11) — prevent tha formation of DOPAC
from adminutered DOP

Of connderable intereat Is the time relationshup of the appearance and di-
lppczn.m::d'DOPAC;ndHVA\nLhobrﬂn.HaHanhournhchOPAld'
minbtratlon the concentration of the 3-O-methylated acid was far below that
n!DOPAC.Atlhrlhcyum;boutequal,whﬂcn2nnda-podxuy4hrHVA
was the dominaung metabolite, It thus scems that tho doparune endogencously
formed from DOPA first and rapldly reaches sites of MAO where DOPAC
o formed and then DOPAG reaches mtes of catecholO-metiryl transfcras.
Thus indcates that the MAO may play a fund I role in the bolfsm
of monocamunes 1n the bram, The finding that MACHnhibitors causs a rapid

lation of holamines 1 the brain (¢f Camtsson Loogvat
Macoumon 1960) now gets further

It 1 abo of mterest that both DOPAC and HVA duappeared more sawly
from the bram than from the blood and heart fn spute of the fact that the
concentraton of DOPA decreased rapsdhy The data suggest that the ac
cumulated phenolic acwds do not eanly escape from the braln to the biood
—Jm&uﬂ\cmwﬂfoundlobcuuc.ﬁothDOPAClndHVt\M
peared from the blood at about the same rate.

The formaton of DOPAC and HVA from adminbtered DOPA was nt
obviously changed in reserpunized rabiuts (Table IT) Since it is of importanc®
thwwanhcrruapxnemlcrfauhuhlh:Fafmllonofumdnhmmﬂ‘h‘
content of DOPAC m corpus strtum was determuined ementlally sccord=8
tothcmahoduiRomuan(l%O)whkh—nfcu-wnpmudwumﬂlkl:
— gives quanutatsve recoverier, Canfirming the resulus of the Investigator
mmmnwrwmmbcumm(ozxwozﬁ/g/x)lnww"’”
and reserpmized (3 mgfkg, 20 hr) rabbits.
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In tno rabbis (DOPA 1 br) the hypothalamns and corpus strianmm were
carefully homogenzed m 0.3 M suawse and eentrituged (f Bamrers, Hie
1arr and Rowevoxew 1960) Mast of the DOPAC (80 ,) was recovered in
the kow-speed supernatant. Afier centnfuganoa at 145,000 x g for 1 br pracn-
clly the whole amomnt (> 90 %) was fomd m the clear supermatant. HVA
thowad the same dutribution. Tn contrast to the eatecholemees, the phenolc
acds thos do not seem to accumulate m granules which can be nolated. Eurex
and Loaajeo (1961) have shown that DOPAC present m the splensc nerves
s Dot granule bound.

Tt 13 obwowmly impartant o know the nature of the cells whach are capable
of forming dopamme from admmstered DOPA. The dutribaton of mano-
ammes, DOPAC and dopadecarboxylase 1n the brain scem roughly to cor
respond wuh that of excem dopamune and DOPAC after sdmuotradion of
DOPA (Bawrrzw and Romworey 1959, Rowrvorax 1960) This mdicates that
the amine is Sormed 1 cells which normally produce and release monoamines
Although more direct evidence would be desrable ths asamption seems
reascnable. On this bam the loafzanon and funcoon of MAO and metinyl
transderase may be conndered. The taoe course of the accumulaton of mono-
ammes and ther 3-O-methy lated membolites after nhibinon of the MAO 1
the baun (Canussox, Lxpgdor and Maaxrwan 1960) favours the view that
the MAO 1 close to the site of synthens and that the methyl tranderase s
localized putnde the amine prodecng ccll and thus attacks ammes first when
they have been relcased (Camrsiow 1960) The results obamed fn thn stady
— a &y raped sccomuolaron of fsst DOPAC and then HVA afir DOPS
adomnistrapon — further suppoct thu vaew Both sets of data are easly under
stood of the MAO here conmdered w Jocahzed aitkue the amine producmg cell
and the Qmethyl tanslerase oumde It 1n the vty of supposed receptory,
ThhMAOm.tythmbeufprhmryimpurunc:furthcrcguhnmdamma

and the ton of amunes releasrd to the
rccrpcmFlnthtrmpponhamcm}ybccnﬁ)undmupcdmumLhLbe
adrenal medulla (made wogether with C Hall unpublbhed) which seem to
thow that MAO — but not O-methyl transferase — n peesent 10 the amine
peodacing cell wself.

If the view briefly cathmed above — altbough overmmplified — 1 enrrect
many other da fll w fine. It espluns for wsance 1) why inkibitors of
O-methy] tramsferase — fo contrast 0 MAO-nhibators — potennate the effect
of injerted or reteased catechol anunex, 2) why 3-O-methylanon — snd not
u:ldamcdmnnmnou—nlhcplmdpalpmhuayformamwnmo(h:)cad
or releated catecholamines, and 3 why pyrogallol — m contast w MAO-
whilitors — does not caust an accamulation of catecholammes m the brain
and beart (s Axxtxon 1960 CaoeT Creviirco and Carox 1960 Caocr
Caxviinng and Upexreosd 1961 Hemrrovo and Axxrmoo 1961)
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Quantitative Determination of Uvenl
Blood Flow in Rabbits
»

Axpras Bar
Beoabeed 1] Ovwober 1961

Abstract
Birr, A, (pemtuieine detrmsatun &f ol biaed foor b rabbizs, Acta
physiol, soand 1062 55 101110 — In rabluty, the uvea & drained.

emcmtally by foar vartex voms which At nesdy equal m sire.

the
premire in the proximal part of tha inesl  chos b Gtile different from
the mirsoculsr prowsre. It abo sppears that the reshitance in the
yers drainipg the wea oy be cnmed, in part, by collspee of the
e provided the peoamue and Sow reqidrements mentsoned ar
Sutfifled.

The artenes supphang the uvea in varowm mammal sach 82 bumans, dogs,
and rabbits are relatively wmall and some of them are very inaccenible. There
are (v systems of veins, the vortex veins and the antersor clfiary weina. (For
anxtooucel detanls soe Laaex 1903 Viyrsur 1952) In all the species men-
mmd@mmwmmwmm&mpﬂmrqmw
tatrve flow deter wuh any ilable tech:

As the fow through all the c:chmorfmmxh:m‘clwukinmhcmamxui
in any specey hoaxxxo (1925) adapted a rather questonsble proceduse for
determnanons of uveal blood fiow m dogr. One of the vortex vems was
opened and the Sow fom ¢ was deterned. Kaxuxo found the vortex velng

o
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10 he 30 nearly equal in suze that it seemed jusdflable to determine the tofal
uveal blood flow as the flow fram the opened vem muluplied by the number
of vortex veina The flow through the antenor ciliary veins was neglected.
The same procedure was used by many investigators working with rabbits.
(Fncazx 1930 Sorprmwarw 1932, Mrexnuarr 1930 1932, Loode 1952,
Porracx and Bucxex 1961 )

The results obiamned were very vanable. haxxxo found a fow of 0.00157
gfmm from cne vein in doge, while In rabbits the mean flow from one van
has been reported to be from 0.236 ghmn (Focuxz 1930) to 0448 gfmun
(Londa 1952)

The adequacy of the procedure described was, obviowly very much de-
pendent upon whether a vortex vein druns the same amount of blood afier it
has been opened as before. This conld be very much doubted, as the vans
within the different parts of the uvea, as well as the capillarics, anustomose
freely with each other In dogy, the veins drainmg the uvea anastomase alo
within the sclora. In fact, the results reported by Kawxxo strongly suggested
that this procedure could not be med 1 dogs. The very low vahues fmued
were presumably due to thunting of blood from the area normally draned
by the opened vemel to intact vessch.

The purpose of the present wark was to determine the adequacy of Kaxoxos
procedure for rabbuts, In & previoas work (B 1962 ) It was found that
the blood flow through the anterioc cihary veins in thi spedia b ke than
1 per cent of the total blood drainage from the uvea. The amumption co2-
)eernmg the domunance of the vortex velns in the drainage of the uvea wit
thus justfiable. It then had to be determined whether the flow through 2
vortex ven was the same after the vesel had been opened as before and
whether the flow through all the four veins was the same.

In rabbuts there aro two supenor and two wnferor vortex vein. One of the
veins in cach pair i placed nasnlly and onc

The normal intraocular pressure JOP in rabbuts was reported by WoTRAXD
(19%9) to be 216 mm Hg Earier invetigators have reported values i@
19 to 38 mm Hg (For references sce Davsox 1956 and Wommao 1959)

Mcthods
Aalk aod femake albino rabbits weighlog 1.9~3.0 kg were employed "
Amaathaa was mduced and Intained with a barb pven £
(Vaa-muyr\mbuuLAbbou.muh]doxﬂ.Hm!mbodywdgm) The anioesd
wae h d and placed Ily on one xide. wriln
The mean arteral blood pranre i femorl artery was meaned wlth
gauge tamducer baving a moderate  olume displacement.

In experiments 1n which there was blood lom [rom the cye, this was com
For by mtravenous blood infixloa.
ThelOPwurquhmdudﬁd;ﬂyLnnﬂcqn{mmuThnmtuht:hwbﬂ's;;
cannulated with  Ramless sicel canoula connerted to & lovelling manomest
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m cach expenment was 7% to 100 mm Hg
\\'hmzh:lOPwudmusaibcfw:Lbzmnhmoptnﬁ!lcwm:
J dwuuduhmgulh:prunnt‘mnmb&ccdbdawwm}“
redutuon from thy level, however \owopmducuinoc.hanzﬂﬁ‘d'h“
tg o JLOpcmngo(-\on:x\onptmcinaﬂwlﬂ!u“‘d'mdﬁ
dJlmtheLhrcecq;aimupaﬂnm.cdnmoIOP \o such changes
be dncovered when the ortex muuopmcduIOP‘-o[lOmmHK"m“"‘
mmultofoudUmammmumahthbC\ﬂnhﬂuPﬂwﬂ“m“
JOP u demomtrated m Fig 2 o
TbccbzngumltdelpmduztdbymduanngcIOPbcﬁwfﬂ"w
\unwuopcncdmd.nlelhulthnbchulbkmdﬂwdmm e
mﬂlbhxdﬂuhd!usﬁmlOpacmLThuwuldbedzd\xzdmﬂm
ﬁndmgllndluuﬂyofdwrdu}nmhlpbﬂ\tmu'ﬂlw
and 10P reported elicwhere (Bur 1962 ¢)



UVEAL ALOGD FLOW IN RARBITS 103

A reduction 1n IOP from 10 mm Hg to zero can be presumed (sec dis-
Quion) to give very little change in uveal venows presure and consequently
aho 1n uveal blood flow The lack in changes 1n ty and At found under such
conditions are in agreement with thus idea.

The changes in ty and At produced when the vortex vem was opened at

F
E
E:

the e ehds and the upper fbrowe margin of the orblt were re
moved and the Lacrimal duct was lgated. The head of the anmmal was placed 1 ruch
position that tha blood running out of an opened vortex vem Aowed over the upper
1t formed drope. Thewe were collected in test tubes which were

and alter the ampling

Resxlts In all, 32 expermments were performed. Of these 23 were performed
at IOPs stabilized at levels between 13 to 50 mm Hg, while 9 were performed
at zero JOP The mean artenal blood pressuro was maintained steady at
lcvels between 70 to 110 mm Hg

The error of each single blood flow determinaton was defined as the standard
devation within the groups of smgle determmnations (Davies 1949) In de
termunations of fiow from one ven the eror was + 0041 g/oun (70 degrees
o(fmtdom)nndlnd:zamm;lmsd'lhcﬂuw&mnmovumio.ﬂmgfmln
(60 degrees of freedom) The aror at Jow fAow rates was not different from
that at high rater The arvors determined include vanatons in blood fow
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FLOW FROM TwQ YEiMS

repre
the expeacd if In cach the
through the t veons had been the noe.

FLOW FROM DME YIIN

cawsed by slight fluctuatons in blood presare durmg the samplng and eron
< d with the sampling procedure. Expermments performed at oo IOP
were not included 1n the error determinatiom,

Results obtained in the 23 experiments pesformed at an TI0F of 15 mm Hy
oF more are thown 1 Fig. 3 Table I presents the ratw (flow from two opened
vems) | (flow from one opened ven) in these cxpermients. The Sgurc ad
table fail to indicate any systematic differences m flow between the different
VOrtex vamns.

In the 9 experiments made at zero IOP the o was 160 007 Ths

| figure s wgmificantly different from 2.00 (P ~< 0.001) Thu indicates that at
very lov IOPs an opened veln drained some of the blood normally draincd
by stll unopened vems

Tabls I Tha a (flao from fioe apened txins) | ( fow from oo

aponed crin}

Flow ratlos

St +48n st + 1t Lt + La.

[xs St L.

m= 1.9 206 197
-= a7 0208 i
- 0 006 ams
= 10 3 4
m ~ snthmetic maan. S0 = supeoor casl voreex
s~ standard dovation. en.
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Fly. 4. Schematic prexentanos of the fortares portmont w0 the
mcsmon of the oatflow problems. . sdera, OFPr
vortex

encae plestm, VY,
vt e At D the vebm eape the
taurmoculir presse, JOP At B the veins lears the ackera

Duract deteraconstaen of the Wosd fos through the wea
The prosent findings mdicate that at very low IOFs the flow from an openod
vortex veln gives no measore for the uveal blood flow Tho v due to the fact
that under such condifons the opened vewel druns more blood than the
pened veim., The folk ! will show that the contnbaton
of an opened vortex vem to uveal dranage 3 alo influcnced by the rate of
blood ow through the uves and the extraocular Voricx venous premure,
The presure drop for blood flow through the uvea cbviomly equals the
pressure in the arterjo entermg the uvea munux the presure 1 the vans
Jeaving it. The latter presure was pot known. However D in Fig 4 represents
the place where 8 veln Leaves the avea, At thi pont the vein probahly aho
lea o5 the full infloence of the IOP As Joag as there n flow through the vemel
the -enous presure Py at thn pomt aaanot fall pmanently below JOP
a3 the van b then compressed and the fow ceases As the ven b very thin
walled 1t can be amnmned for the mke of simplicty that it u kept open by
a negligible dutendmg presure.
Thus
) Py 2 IOP
But Py aho equals the s of the extraocular vortex venoms presurre Py
at X un Fig + sod the prewwe drop fram 2 w0 £ Thn peemure drop
equals the flow 7 through the -an muldplied by the vaycular remstance R
between D and £
Thus
@) P =P +I R JOP
The extraocular vortex venous presure in rabbits placed horzentally has
been reported by Samer (1937) to be 10—15 (—23) mun Hy a3 referred to
the Jovel at the eye. (These figures are probably somewhat high, as will be
duscumerd, but the peespure s definitely padtive.) The fact that the Sow through
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2 vortex vem did not change whes it was opened x¢ 10Ps of 10—13 mm Hg
or more {ndicates that under such conditons & reducton in Py, dud mot
mffoence Pyy Tho suggests that Py p equaliod JOP before the vers was opened
as well as after 1t scoms reacoaable then to agume that under certaln come
ditons the repatance between I and £ may be influenced by parual coflapse
of the venel, To Gacil the d puaton {2} neay be x

&) Pyp o Pyg + 1 (Rew + R ) 2 JOP

where R, 1 the part of the resusnce between D and E camed by collape
and B, w the romstance between D and E when the van b Jully expanded,
s huch 1t 15 sssumed here to be st & very susall dutendusg proware.
When Pypp, u hugher than JOP the factor B, n xero. Opening of & vortex
ven under such condizony treduces ats Py, which goves an merease 1 fow
froma the arteries and thustag of blood fom veins within teerctoriey rocmally
drained by the unopened vems When £y, cyoals the JOP £ o 2070 In the
ot siadon when Pyg o £ R, o Py m JOP but 1s otherwsse pasise,
Openung of & vews under such condivons obviously gves an incroue w R
Naw of f ot Py g o7 both are increased above the leveb fo dhe prosent ex
porments at an unchanged J0P thn may provoke a nse i Pyp above {OF
alw a2 JOPs of 1035 mm Hy or mose. This will always be the easc m the
lumit sicustian veferred ta, bt olviously Ay oecur cven i Ry mitlally 5
positive but oot large coough 0 compensite for the changes in gueston
Under such condstions the fiow from an opeved vesn na longer grves & meaguie
7 the uvex! blood flow ss panted cut
Nothing wa done m the present experiment to wervase £ or Py sbAT
the levels nommally found m h d rabluts mak < st a Blood prer
sure of 70118 mm Hg The present results therefore make it yusufiable 2
dmm&:ﬂu%&mghihcuvumfo«uma&mﬂm«&mmw
ven anly uader certaan restricted condivoms The IQP has to be 1015 ma
1ig or more and P ; and uveal biood flow have to be normal or low
It wil! be demontrated elsewhere that at normal and ugh 10Ps 1he peo-
cedure 15 adequate abo at relatively fugh Py and fonw rates (S 1962d)
Inmcaddxmnﬂupammunuuﬁmndpomb}:mmuhumw
vortex ven within 1t smascleral path without changing the flow In thae
experments 1 was found that the fow tirough the cannulated van cosed
at a0 mmascieral venous pressuse wrpe 1015 mm Hy above the 10P The
wndicates & kw  emstance i the venous thuno withun the uves, aad emphasst
that the Bow fram an apeptd voriex wn gives  Teasure of the blod o
through the uvea, only o Pyp in all the uveal veins equalr IOF
Tt should be pomted out that, even of the presuse and flow requireme®
od are fulfilled, 4 "n:n—m'ix:zuybekm'cniv.n:cdﬁril‘“"“flc
Wmuduczammmm&wmwmammﬁ
mqunthmLumdmmiquBHmnu—mmudapmwa
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errors will be of no lmportance s there ssc ne yiematle differences In flow
betueen the veus.

Tt condd not be determined m the present experiments to what exteny the
sorgical Interfermce with the eyr changed the reactnaty of the uveal veuch.
There was 6o complete Joms of vascular tooe, however as mdicated by the
fndmg m some addinonal experiments that acetylcholine grven intrasrtenally
incremed the blood fow through an opened voriex yaa.

Tn many expormments It was found that in spaie of stable artenal and it
ocular premares the flow from an opened vortex veln tended to decrease
shostly afer the vesel hagd been opened. The decremae, which could ot be
prevented by larger doses of hepann, was probably dus to cloting as the
flowe comld be vestored by touching the opening with & gl rod. Freguent
mechanucal “fresheniog”™ of the opening, a3 a sule, made st powiblctode
termine the Sow through the uvea for more than 30 mun,

The blood flow from & vortex vein umally decreased if the blood presnre
£l at an wochanged IOP o of the TOP incressed at 8 stable blood presase.
Tt sppesrs that the great vadabshity m results obtuned by earher lnvatigaton
determaning the fiow from sn opencd vostex vein in rabbity may have been
cumwed by differeneer m mteaocolar and blood presures and in the efficiency
of the i wed. Daffe n hesis and handling of the oye
an be presumed to have gven rdse to the prowure diferences and powbly
alw to differences m vascnlar tone

Commext on resexs presoures

The regulaton of the uvexd venous presaae and the extraocular yortex
venous presere will be discumed ehiewhure (Baz 1962 d) It ahonld be paated
out, however that the present findmygs indicate that nocmally and ae hugh
FOP the venous presare m the prooomal part of the wvead vens is Bitle different
frum the JOP Thu v in accordance with & rather generad bebief and in confixct
wish theorses of Soxpasuaxx (1929 1932) Koo (1843) and Vasrxur {1952)

The extraocular vontex venous prewure just outnde the eye a5 determuned
with a pressure chamber technique was reported by Sear. (19373 w0 be
10—15 mm Hy under eentally the same conditons as m the prosent experi-
ments. Values ps high as 23 mum Hg were found of the eye was bnated, a5
t wagin several of the present cxperncats. 1n the prescat gudy P, exqualied
JOP even at JOPs of 1015 mm Hy As Py mnst be Iower than Py, 1t followy
that P ¢ was Wwer than m Sepa s expommena,

Thow work b boen wopporeed by grvats froos the Medioad Facelty ta Uppaala mod
wan (B 3050 from the Lrumed Siawe Publc Health Servace. o
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Studies of the Hexted Thermocouple Principle for
Determinations of Blood Flow in Tissues

»y
Axvass By
Received 1 “overaber 1961

Abstract
Brit, A, Studics of the Suaied thermacenple prncpls Sor Aetesanntions of
u.a;..mmmmﬁmxmsmnalm—,\m,
was maade i ouacdels of 3ome of the acton ifluencng the mdaptatiliny

probe e mon sasably Infaenced onfy by fw fn greax
pumbery of capitiaries aod  ory ssll weins. For
mioatsors the probe bas w be darcized ¢ h Stand-

srdioations will  pply only under certaln conditions, whwh ar
dhwcnmed.

Duringmdiadthcmmlmd&oodzbmu;h{bemuzxmmdm
that 1t would be of mterent to fiud a p of
wwmmmmgmwmmmmmm
Tately Ac attempt was masde to uiitize the heated tharnsoconuple prinaple of
Cam (1935) dy wed for d of the blood fcw within
timues (ke references see Gray and Rowan 19538) The roauits obimncd in
prefiminary experments made it seem of intevest to determine by means of
made! experiments why the heaterd thermocouple was semitive coly m some
cares to changes by blood flow The present paixs reports rich 2 stady

When the heated thermocoaple method s applied o measarements of the

bwmmhmmpmm&nhu&mdmmnnmhwm
the fiear P wplicated The probe will be infuenced by

11
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vencls of different smze, cach vessel having & vanable diameter In addition,
the flow may be onentated differently 1n the timue. In the chorold the condie
tons are soruewhat more smple, All the vesels are relatively omall and there
15 a2 mam direction for the blood flow 1n the larger vemels, which o the same in
the arterics and the vems. It 13 abo known that in the chorowd the calibre of the
vessels 3 not eanly influenced (VW upxa and LzoroLp 1956)

In part, the models used In the present work were designed to resemble the
condioas 1n the choroid. The findmgs will, nevertheles, contribute to an

d ding of the ar under which heated thermocouples caa be
used for flow determmations in general.

The heated thermocouple prmciple 1 based on the fact that the blood flow
through an organ cool a heated body Introduced into the tmue. The greater
the Aow the more efficient » the cooling

Gibbs 3 procedure was to intreduce into the tsue & constantan needle, part
of which was heated with » constant current. The temperature difference
between the heated needle and unheated twue was determined with a thermo-
couple. Two procedures were used.

| The reference yunction was thermostatically controlled cutnde the ank
mals body and the temperature of the needle was determized
repeatedly when heated ¢ and usheated 4, The value of (¢ In each sdtuatioa
was determined from the awociated vatues of 1 and fy The heanng obviowsly
had to be intermuttent.

2 Both the needle and the reference junction wers introduced 1nto the (e,
the refercrice Junction being placed at such a distance from the needle that the
Euungd;duo(lﬂ'mmlnth:idalmcpmﬂﬂcchlﬂsuiﬂmtmm
ere outomatically compensated for as they affected both the junctwas. The
heating could then be corstant and At coukd be determined contnuoaly

Gmmcmphnmcdthatth:mcthpdmuldun}ybcmcdfctddammaﬂomd
qunhmiwchmgumblood&mvirlh:pmbc\mnonmdudh:dmcadi
experiment

Thcnccd[ornmndnd;nd.oumachcxpaimwtwml\msm‘d"'
advantage. It therefore tecmed & great smprovement when Grasox (1932)
rcponchhnw{thlmmixﬁmuoudGmm:pmwdure,hhnpmdblcwdﬂ“
mine the apparent nerease in thermal conductivity & which was aused by
the blood flow and that A5 was proportional to the flow In Grayrods
modificatien of Giems s method the heating current was modified o manta:s
a constant A1 of I C. In a more convenient modification of Hrxus and BT
(1954) At was ded i ly at a heatmg current.

\t zero Bow the true thermal conductivity Kp of the umuo can be detef
mined

al
m Fo= 3
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1 Schemaiw groeniatin of the sctup, VS,
wabdacr- T tundormes V], racoo jeo:

where & 1 an mytrumental factor which can be determuned in a ubsiance w th
koown thermal conductivaty and [ the heating aurent.

When there was fot through the tsene, the heating current bad to be o~
aased m Guarsow's expermments to maintain Stat 1 Gl Do Heosel s maods-
ficatwon df decveased. Thuos there was an apparmt inercase in conductivity!
above K, the mevesse bemg X {In fact the condectvity obvowsly could
not be determmned as there wan convecbonal hest tramsport within the system.}

CGraviox Sund that the best trasapoet from the heated body was influcnced
0 & deteetable way ooly by & twsue collar with & radhus of 158 mm.

Expenmments venfylog or contradwting Gravet’s findings concernung the
relanooship between the blood o and 4K have been repeatedly reported in
the lieratare (Sce dbcuscon.)

Mrthods
lu'.hemxa:pexh:nnﬂmlm ahaes for conducihvity dats, an xrule, wove not
i

WWMMMHG—AM(IQMMWMRLV(\W} weFig. 1
The AC mars vitsge was wabilized and 6 volos. The corrent to the
peobe could be ared wih & rheosiat and determmed by messs of e juncrion,
Tho peol vaed consisted of & 12 mom louy comuantan wire, 010 mm in dameter
whach wua wldered a2 exch end W copper wires, 412 mm m dixmeter and abio to another

The 2 mom part of the comstantan wire waw heated and the EMF caosed by the tempera
tur dsfference between the ends of the 10 mm part of the consianian wir were asmphbicd
@ macroolmaeter (B 11340 or Hewlett Packard 4234} and _ecorded with m graphue

recordey (Vanan G 10) The copper wira wore toamelied and & varnith was ueerd to
peotsde ehctirical manlation for

Expsrimaesis
In the ruum group of experunents the biood Sow through & vessef was
umnatated by & Sow of water from a resarvorr through a poly ethylene tobe. The
peobe and the tube were embedded at least 10 mm below the surface in blocks
of 2 per cent gelaun | thaoe. Al were perk d with
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d)ewhnlcryncmumlﬂnmc,uccpttbcputclscmuuyhawd.m
heating curreat was such as to give & A2 of about 3 C at zero wader flow The
hnmd;mcdmwplaccddmmﬁmvnmmmuptcdwmm
fugh enough to produce turbulence 1n any of the tubes used. It was determned

1 w‘hnm:lhcmllhomh:pbctmdl‘mdth:ﬂowl}n‘oughnpolydhﬁmﬂ
tube when the probe was placed cumde the tube.

2 how this relationship was nfluenced by the thickness of the wall of th
tube.

3 how the relatonship was influenced by the nner diameter of the tube,
4 how dntant vessels inflacnced the probe if there was or was not flow
lhmughvmd'namrlh:pmbc.

The rlaticasiop betwven AK exd the fio axd the eaffcrsce of the thickues of te
wall om this relatiomshsp

Procedurs Thcpmbemphccdnclu-cupcd'blcmnlubcvﬂthmw
dlm:taufolémm,wﬂlhs&nmoiﬂmm,mdthcrdumﬂﬂpbﬂ“@
dKlndlh:ﬂcw&umlhalubcundaamlncd.

One extra layer of polyethylene, 0.20 mum thick, was then added Lo the wall 0
the tube and the relavanshup between 4K and the flow was determined again
with the same probe and heat producton. The procedure was also repeated
with two extra layens of polyethylene, each extra layer being 020 mm tblck

fesults Fig 2 thows that when the isolating layer was incrased the geoena!
senntivity of the probe decreased. Each of the curvas, A, B, and C reaches 32
asymtote at high fow rates, which makes it imponible to determlne a flow valse
furmcmbcnwhuhnfmwhﬂuwmbngcrdungudi’hrc&h
curve it s powdble, however to determine approximately the flow valus &t
which 30 per cent of the maximum change in AX s reached. Ths value Fr
can be seen to be escntially the same in all the 3 expenments.

In the following it will be shown that Py, 18 dependent caentially on the inocr
cuameter of the tube, provided the same fhdd and tube material 15 used. Fu
then ean be ued to define a flow range for cach tube withun which moderate
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changes m flow reasonshle changes in AXin relaton to the maximum JX°
whmhanbcpr&:cuibyﬂowhth:wbe~thuh,mubimryuccpuhk
ﬂownng:ﬂmrmgtwﬂlboa:ﬁnniuﬁmnmmtmm?‘.mthntol\owmg
dnmptim.hnhxgh}yarbih‘uyu,hﬁu.nmnhnmdnugulndrbm
abeolute changes will determne the true acceptable flow range, However tbe
nlnulmechmgcmdrpmdmuihylc:mmchmgcmﬂuwlnanhp.mwlu
tube is mflsenced also by the distance between the tube and the probe as dem-
omnwdnhommd,mlddniml.bythcdhmaad!bcmbc(wdninh)
In modeh it might then be posible to define a truly acceptable fiow rauge for
aho the characteristis of the peobe and the heatmg produced. Such an elabo-
rate defimtion woukd be of no practical use, however 111 a tmae the truly
acceptable flow rate for ench partcular vesmel 13 influenced by still more factors
which vary from oae expenment to another One soch factor of great mportance
UMthlmmﬂemﬂhdﬂmlumeﬁ
places and the tomperate at cach plsce wll change somewhat e g
changes in the blood flow Therefore, when the constant heating procedure u
used there will always bo a aightly varying temperature difference between
the two jonctions, which 1 not caned by the heating of the probe. When the
intermittent heating procedure i ured there wall be slight changes in the Jocal
toeuce temperature which are not cated by the heahing Accurate flow deter
munations will be pasible oaly if the aror in the deteomunations of At due
to these factoos, is refatively moall. The larger the aroms the larger must be
the changes in A which are camsed by the cooling effect of the blood fow

The mam ment of the arbatrary scceptable fow range concept 1 that it will
ncilitatn the fallowing discumion of which vemels that may permt fow determi-
patom with heated thermocoaples and what type of relaomblp between AK
and flow that can be axpected under different condinons,

The relcissashep betwom Foy and the iner Siameisy of the tahe

These expenmenty will show that oaly very unall vessch permit determing
bomd’nudauecbmgulnzb:blaodﬂawvﬂhlhamdthnmuphm
relumembup between AKX and the flow was determined i different tobes wath
mner dameters rangtug fram 0.12 mm to 1,50 mm.

FPrecedsre. The probe was emberdded in the gelatm as close to the tube &5
posible, and the relanomblp betwern X and fow was determuned, In eack
ctpcrhnm:duvﬂueﬁwF.wudcmmimd.Topamnmmmwldm
ulcuhzaidutfwmnnhm:vdoouao(mummgbbodhvmd;thc
wean fincar velodty Vo of the streammg water to Fy, was
detertaied from the fow and the crom sectional area of the tube.

@ i
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mlﬂnpcrimmuulnd\cpn:ccd.mgnaim Vi was invensely related to the
tube dhmacrulhmminﬁg 3.
Almuldbcexpcchth:changcmloulounducdmyuhkhmuldbepﬂ-
dn:cdbyﬂowmnmwmbummﬂadundutmviduomhwuthm-
fore pomble to deterrmne Fy, for wider tubex with greater precinon than that
ﬁrva-,mnmvmba,ucnnbeminﬁgﬁ
Humanblnodwuusedinnudulmwrlnmmccxpamu.mﬂﬂlﬂ
obtained were cxcatully the same as with water flow 1n the same tube, &
thawnmthcﬁmlnuﬂtrupcnmmuthcpmbemcmbcddndmwaiﬂ
Per cent gelatin, and, m yet other expenmenty, the water was made to fow
thrmghbolamgummblochmmnluubmnndnholnlhucupcﬂmﬂm
were very lude duffe fram those expected from the rel hip found ia
th:mﬂnmuofﬂpu’unmu,hhldxhxhodwfmmmcﬁgum
The present findings show that the wader the tube or the vesscl that Influcoess
the probe the lower 1 the upper lmit of the lincar veloaty range corrapondiag
10 the arbitrary acerptable flow range.
Azth:mdmmdlhcm;hmrym!mdmmmdlhﬁw
of the individual vesels increases as the heart i approached, the mean et
velocaty i general, il be larger the wider the veasel, both on the arterial asd
the venow nde. Thus for both arteries and veins there will be an upper st
for the size that can be expectod 1o permut flow determinations with heated
thermocouples. It 1 potuble to determine approumatddy from known dad
what the mean elocity may be in the vewels within the tisues. In Fig. 3 ¢
wloddninlhevmchnuth:mmdudgmdthmcmlhcmﬂdﬂmu‘::
represented wath one lne, (Data from Green 19/0) From tho mtescep
tween the vencl' Lines and the  tube” ine it is posdble to determine which
vesselt normally have 2 flow \elocuty thar equals §, In the comesponding pofy
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uhylnxmbc.uthepmbchphmdmwch-\ﬂyumbemﬂnmcuionlybyth:

flow through such a veuel and the diameter of the vemel is awumed not to change
1 dumeter with mcrensed flow 1t Is clear from the fint type of experiment
that the Bow through the veael may be incrcased to twice the normal value
befoce the arbitrary acceptable flow range 1 exceeded.

Obviomly the fiow in veuch smaller than those discumed above may m-
crease even more above the normal level before the arbitrary accepable flow
range b exceeded whle vewmels which are moderately larger than those discused
first, casily will show a flow increase which bnog the fiow above tho range.
Artencs with a dameter of about 0.23 mm and veins with a dixmeter of about
065 mm normally have & flow that 1 jmt at the upper mit of the artatrary
acceptable Sow mange for thise caibres,

However ax the absolute change in local AKX which can be produced by the
fow through a tabe I related to the inner diameter the truly acceptable flow
range m very small vomes 13 a smaller part of the arbitrary acceptable flow
range than 1o huger onca Thus, an individual capillary which has & very
hugh artatrary acceptable fiow range can be presumed to have no truly ac
ceptable flow range at all due to the nall AK whuch is produced cven by very
hugh flow rates through such a small vomel. Intermednate tized and larger tsoe
taecls, however may have a truly accepiable flow range of the same order as
the artatrary aceeptable flow range. Thus could be concluded from a comparison
between the absolute valuey for AX caleulated in same of the present expen-
ments, and the valoes for 4K found 1o tsucs by carlier investygators,

The vatocs for Bow veloaty in diffcrent parts of the vascular syytem are rough
apprommsations, as ponted ont by Graaw, and refer to the situaton 1 dogs.
There seerm 10 be no reason, however why the coadidoos in humans and
Iaboratary anmals like cats and rabbats should be ewcnsially different from those
in dogs.

Inftucnce of mear and distant txbes

The purpase of thee 1 was to d that the mfl
lhcpmbcohh:ﬂowthrougbncnum\udwnd.cpmd:munwhdhalhm
was flow also in other -csels cloac to the probe.

Procedwr. The probe was placed as shown inset m Fig 4 0 that it was quuts
close to two of & row of 4 polyethylae tubes (Innerd 0 36 mm) fmpl

1n 20 per cent

The 1A produced by a relatrvely high flow m each tube separately was
determined with a flow of 0 4 ml per minute through each tube, The same Bow
was then through all the tubes 1n different combinations, as indscated
in Fig. + and JK produced under such condioans was determned.
RmLuAscuuldh:acpcazd,!hcﬂowthmngthc(nh:n:ucnlhcpmbu
influenced the probie to a much larger oxtent than that through the more distant
tubes, When there was flow only in the most dotant tube, t influenced the
8623013 4t physiel. ccand Vel 53
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The relationskip betmoeen AK and the fows 1n ¢ tive-tubs spoiem
Thucapmmmuhmpafo:medmdcmomnumbu,dﬂmpmbcﬂ

Procedare The probe was placed close 0 two tubes of the same lner diam-
cter (036 mm) embedded in gelann Two types of tube arrasgement were
wsed, see models msct in Fig 5 and 6 The relanonshp bermeen JA and flow
was determuned first for cach tube separately and then with the wame flow raiss
in both tbe tubes at the same ume.

Rersdts. Fig Slhcuuhcrcudlnfmapemnmtuuhmcpmbcpwh‘
tween the tubce. The X produced by a certain flow rate 1n cach tube whan
lhcrcwnﬂcwmbmhtbctubuuunmcsauhﬂyd;ﬂ'm:fmdtwmd
the 1A% produced by the rame flow rate m each of the tubes separately There
was alo no esenual difference in £, for cach tube when there was Sow through
both the tubes 2 compared with when there was flow through only one tube.

Fig Em-durumxafmapamm:mub:chmcpvbohuphﬂd‘;z
to anc tube, the other tube being sited on the other ude of the fint men

tube,
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Fag. 6. The rolationinp between the JEand the 1y pue Ty
e when the war inSuenced by flow L.,
through two The moddl wmed e thown

oms 10 the figure. The probe was placed chost
nmdwmmmmm a

0.3 me, Wmmphadhg:' =

alel. Cany A‘-ah.nlnndl:tll:::d::‘

caly through tube 1 cun B w was »

Bow caly through tabe 2. (The tube without

Bow was Allcd with water ) Core C was ob-

tained when there waa tho o fow through

bath
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1
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Flow or weTR

The d K produced by the srvmitancos flow in both the tubes was consaderably
Lem than the sum of the J X found with flow through cach tube scparately Fy,,
however was not changed m a detectable way

Thus, if & probe m a tmue 1 influcoced by two vescls of the same size the

acceptable fow range for each vemel s the same as 1t would have been
had there been only oo ], provided the flow changes are the sams m the
two tubes.

These expenments indicate that 1n tmencs the probe will be placed as fa our

:

w’ll have 2 hagh arbitrary aceeptable flow range and the absolute changes
d

K which are produced by moderate changes in flow through the tvuc will
be large due to the large number of wmels

Tht tome taken to rvack the sicady stats JE

The ume taken for At 0 reach a new steady level after a large change in
flow was sy aral minutes. It was foumd, however that S0 per cent of the total
change that was produced in .14 was wrought within about ane mmute urespec

uve of which model was ueed and imespective of the tube dlameter and the
dhtance betwern the probe and the tube,
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Substance Teaop. C Thermal Bowree

cooductivity

x107* cal cmt

el gt
10% gelann 37 122 Guavsox (1932)
20% geladin 37 s Guarson (1957)
0% gelatin 37 10 Ganvme (1937)
Poly ettrylene - “-110 Fuore (1937)
Water 20 142 Honoruax (1958)
Liver rat 74 ns Gaavsom (1952)
Liver, dog 7 119-120 Grar ctal, (1957)
Kudney rabbit I 120 Gaavsow (1987)
Moacle, human about 32 n7 Hiowaxy, et ol (L§H)
Blood, buman 368394 [F 21 Bz (1960)
Bieed 18 1130 Hooaxuax {155%)
Ethyl aleobol 20 40 Hooursaw (1958)

General discussion

Camuubnnmmduwpmmnxiy
Themqorityofctpmmuinthnpmtnudy\mpafarmnd\dlhmb'
stances which have thermal eonductvites of the mme order as that found &
the blood and most tmsues sco Table 1

1t then seerns quite jusnfiable to conclude, from & comderatson of the thermal
conductrvity data in Table T and the results demnastrated In Fig 3 that tbe
findingsm the polycihylene tube cxpermments have relevance, abo from s quat
iatlve aspert, in lving twver. This has, in fact, already boca amumed o the
prehminary dacusaom of cach expernment. It thould be pasnted out, honerer
that the results have o general appl quantiatrvely as indscated by e
Bndmg;mmmcaddmonalapenmmn,luwmznflbuethﬂpolyﬂh)kﬂ”'“l’c
was replaced with a steel canula, 1n others ethyl akeohol was used imtead of
uwTthuabundme.wmmcm—mPﬂmlh‘lhﬂmm
m the maln group of cxpermuents.

Mumwww

There has been conuderable dhagreement among enrher Investigaton oot
cerung the relationship between AE and blood flow Iwnm"""“‘ﬂ
by Graviox and co-workens that in dufferent tisues, such as hver h’"‘““ﬂw
Kdocy 4K u approximately p oporuonal 1o the flow at all phyologheal
rates. Far references see Dosxuuy Graviox and \omes (1960) m‘m.ghf
of relavonship was found m perfused splecas by Hexaaw and Ruer (1954)
type of relauomship it was pomnied aut made It possible 1o determine o
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qumuu,uvc.thnn.pcn:cumg:dnnguﬁmmmmc'mm] value 1n local
blood flow Hmmdan(leG)mpuncdthn,appﬁuimLhznhn,Lhn
method parmitted even Soas of the blood flow in ml1f100
ml skanfmln, Such mu“ d dimply by multiplping the valucy
for 4K by a comtant factor

Locr (1953) on the other hand, reported that in perfused Lidneys JK
was proportional to the flow caly at low flow rates. At ngher flow rates AKX
wiill increased with the flow but les than required for propoctiooality In model

he showed that If the probe was introduced mto the streamung
fidd 1n glaw tubes, K was proportsoaal to the flow at Jow flow rates, and to the
square root of the flow at intermediate flow rates. At stll higher flow rates, &
did not change {n a detectable way for moderate changes in fiow It was alio
found that it was not the flow bot the mean Fnear flow veloaty of the sireaming
fluid whach determuned AKX Thus, irrespective of the tabe diameter the hne
reprosenting the relatiomship betwern AKX and the mean Lhinear flow 1cloaty
reached an asymtote at about 9 cmfaccond.

“The same type of relationship between 4K and the flow as found in Loarrr
kidney cxpermments, was formd m the Iver by Grar Govoazoew and Hoarr
(1957) and in perfused human booc marrow by Grar and St (1958) In
muscles however Grar and Rosart (1958) again found AKX to be appraximately

w the flow

Mownaar (1939) reported that t was pamible to calibrate heated thearmo-
couples in models with flow through glas wool and to me such calibratoas to
obtain meanm of theue blood ow w ml{100 mlfmin both in the thyrosd and
mmxm!ml\m;ndmu(lﬂﬂg)ﬁnﬂ}ylnmdmzmthcnhh(
uvea At decreases lincarily with

mptucntmod.:lupa’tmcnunhovlhuiflpmbelmrodmdlnmnmm

1 placed close to some relatively large vesels the apparent thermal conductvity
increase cansed by the flow through these vemels will be much larger than if the
probe 1 sited 50 83 t0 be Influenced only by flaw w a few and very small vemch
1n the same tmue. Thu, the findings of Mowaaay (1959) mnt have been ob-
tained 1n some expermments in whach the probe was placed in such 2 wvay m
andelnilhyrmddn!bychlnctLhtmndndlnﬂﬂapcrﬁ:mtdmthemodch

pplied. A general 1 of ruch ! s Juded from the
present work and also from the work of Gaar and Ross (1958) Thee In-
vestigators demonstrated that in muscle tisue it s pomibls to place a probe in
such a way that the normal fiow through the thwue gives very different valua
for AK in the 1ame mmumcle.

It sccms probable abso that the finding of Hexver and Bexoza (1956) that the
blood fow through the skin can be determuned by multipheanon of the  pparent
thermal conductivity incresse with a constant factor has no general pplca-
bility in determinzoom of ikin blood Sow The emch in the skm which are
lﬂdymdnmmunlhehn(mponﬁumthepmbemnba:lnlhcpaplhry
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layer mtusted under the epldermn. That these vesseh wiil be of the greatest
unportance was indicated by the findioge 1 the mulutube model that flow
through the ncarest vemels reduced the mnfluence of distsut screened +emeks.

The thicknes of the epidermis molating the probe from the vemels in the
papillary layer o quite variable from one individual to another and from place
to place 1n the same individual, As & rule the thicknes varies between 803
mm and 0.20 mm but it can reach valucs above 1 mm. The expenments per
formed in the preaent study with different wall thicknemses show that such
differences in thickness of the epidermis can be expected to give large dufferences
m AK 1t scems very likely that the number of vemch in the papillary layer
vanes from one place to another which also will tend to give errors,

For practical reasam Hraar and Bexbax chose to callbrate the probe when
attached to the slan of the third finger It seems probable that the reason for the
good agreement in AX/blood flow relationships between different Indivdiak
was umilanty 1n age and occupation, of the persons {nvestigated, which may
have grven a umflar epsdermal thicknens and alio a similar number of vonch
in the papillary layers of the fingery exarmned.

It secams justiflable to state that, In general, determinations of absofute valua
for blood flow through theues cannot be made with the heated thermocoupk
prmciple, unlem the probes are standardized in cach mdrvidual cxpenment.

The many reports about proportonality between 4K and the locat blood
flow also teem hard to understand in the light of the present findings. Thoe
uncquivoeally thow that there can be no such standard type of relatomhip
between AX and the local blood fiow ln any timue into which the probe
| introduced blindly In same pantions the probe may be Influenced by only very
mall vesels and, in vuch a case, any chango in flow through tho usue will
change the local AX In other postions the probe may be infuenced by «
larger tsue artery or vein. Under such conditions, local 4K will change ey
little for modernie changes in fow as the normal flaw 1 such vesscls s ol
above F,.

What Is then the explanation fo the many reports of a Locar relationship be-
tween K and fow? Scvenl factors may contribute to give this type of ek
tlomlup quite ofien in tuuea. Firutly it 1 obvious fram the prasent
that, of the probe 1s placed 30 a3 to be 1nflucnced caly by the flow In very sl
vmd;th:umundth:hmmpramxmgd:erd-mmhfp‘mkm
small, as the maximum physiological flow veloclty in all the vesel a4 87
below P

Sccondly the total number of veasels open at high flow rates may be blghe’
Lhznlhnlllo“crﬂowula.Thuabvnouﬂywiﬂlmdm!f““‘m"W
n 4K a3 the flow through the thuue 8 mereased.

Thirdly 2 distension of the vesels will tend to give the
trated In Fig. 7 As the Sow increases there b a shuft from ons
tp apother smulating a long Lnear mse.

same cifect as -
AKX ot
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It §s of micreat to note here the proportionality between J& and the blood
fow reported by Hewaet and Besmza (1936) to apply In don and by Grar and
Rm_u.(lB.’)B) mmnda.ﬂlctdmlh:uﬁnoflh:&n;:ruhﬂmn.l

be expected to be inth d tally by the small
rm:khubcm;uﬁunlhyainthemﬁumnmmnmutﬁ:m&pmydthm
vemehs are very gmll and the number of vescls influenang the probe will be
Iarge. The present findings indicate that thn is ideal 1n fow determinanons with
heated tharmocouples and may often give proportorality between A& and

flow
The results of Grar and Roaxrr (1958) may appear to differ somew hat maore
from what can be expected. It was stated by these authors that 1o mmeles there

placed
close to a macroscopacally visible emel When placed o0 that the 4K produced
by the nocmal flow was below the Lomut value it was found to be sated 1 capillary
areas w thout larger vesch. In the latter poation, the changes in X which were
produced by changes in flow were so xmall a3 to make errors in the determina

Eittle informaton about whether a positnon 18 good or bad. If the probe fs placed.
€. g. closc 10 an artery or & relatvely Large ven the X prodnced by the normal
flow m these vesels wall be great, but moderate changes in Sow may give vay
Lule change 1n AKX beranse of the nxe of the vemels and the high mean lmear
flow velocity at normal flow rata i thee yomels

However the expenments of Grar and Rowrws, were performed m cats hind
musches and the blood and the twae weare not thermostatically mamtamed ata
coautant temperatare. It seems very probable that in such a relanvely small
structure as that investigated ooly places with similarities in vascular arrange
ment may be bothermal under sich condinons, It can further be presumed that,
for anatomical reasoas, the chance of plaang both the junctions close to larger
s o arterles will be smaller the smaller 1 the organ.

The reason for the repocted may then be, that places where
the beated part of the probe was Influenced by relatrvely Large vesels were not
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gated duc to the J,o(ﬁndln(hothamﬂphouhdnmojtm
uomandﬂrcnnxﬂpmbabﬂnynfﬁndmgmchphmmrhq:\md;m
au(honrcport.infam,thauhepwmnofmcpmbchdwbcchmgdlo—
thabdorcngoodphccforhwnhmd.
I(cunhemndudcddu:whmlthmbebinkoducajblmd}ylnmnhu
on:amcx;m-mndndtypeofrchumu!ﬂpbctwmdkmdihcﬂmd
flow m any tusue,

Flow des otk stendand
T?reprmcdmgdhcmxhomtha,fnrnudiudm.qumuudndm\p
in flow ithncocmryasamk,mmdudiutthmhcmad:apcnmm
Mmbcdcncun}ylfdmthapmc:durebywhlchthaﬂwmlxduagd
In a knouwn way
For quanutative dc(crminahomd‘lhcb}aodﬂmvlhmughn!hue\ilh
hubcdﬂl:rmomupludmbavcmbecnﬁbn(edmthmcmabodfcr
flow d h

Iucuh:rlypeu[!undudh.dmlhcmhmncodﬁwakuhdomufdauh

P thermal cond; Aty as it is quite faciory to know the relatioah
between At and the flow

However the present findumgy indscate that standardizatons of the probey
will be rellable anly under certam cooditlons the spatal relationship betucen

= not fulfilled ¢ g If the probe n placed cioae 1o an arterole varymng greatly ia
dhmerumthchuguonympnhcuctmz,buz litthe with changes in pressure
bladfarﬂowl.hrm:ghlhcdmx
Aahbnuononhepmbeinnunmc,paﬁxmedcxbymﬁﬂlm‘““
Pr'cnurc.w-llnma.;:cplyt‘m-..-hu-xgc:lnb%om:lthmprv:‘du:::ndl:ryu.lmu.la.douoﬂ’-lle
Sympathctica as the sume flow through the time 1 the two cascs affects the
probe 1 very different ways. During the calitwauon it kr wfluenced by 3
relauvely wade vasel with & moderate mean lincar Bow veloaity of blood. [a
tl:n:l.uh:rcne:lhcvc-s.:iunarmwmdLbc:m:mlmca.rlIlowmla:.n:nycd'lhﬂ""-d
may be several tmey higher
Anlhzvmchdnmmunglhehcmmmpontmmlbcpmbamdwdm‘
to the probe t must be smipecied that when the probe is uted for measureoxcats
of blood flow within tisues with flow also af other fluids, convechoasl beat
unmpoﬂwlhlhmﬂuldamaymmmdﬂmnlnuoduc:mﬂmmﬂyk‘i’e
e e g when i lnver expenmena the prabe is placed clase o a Inls duct. 18
such unfortunate expeniments standardizations of the probes 1 4l have m0
meanin,
xrm:mmm‘nummmuwdhuumdmwcb:fl‘:
extravascular volume with changes in blood flow then great erron
introduced 1010 the flow determinauons. A reduction in flow under such coadr
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ons may very well even increase 4K i 1t causes a reduction 10 the bssuc isola~
ung the probe from the vessels.

The pracat cxperiment largely confirm G 3 somew hat pestmmstic states
memt concerning the wefulnem of the heated thermocouple princaple If a

dardization is not perf d in each experl: the method, as a rule, can
be used ty for d of qual changes in hlood Aow
‘They also demonstrate

1 that the standardizations may not always apply

2. that the probe may be placed m such a way that it mimsenntrve to moder
ate changes m flow cvm 1f 1t 11 close to vesscls

3 that quall erron may be duced even by mod changes m
cxtravascolar volume and
4 that under bl itons the | beat port from the
probe may be dommnated by flow of flusds other than blood.

Sammary
The of the heated th de prinople fath +

umcdnumhmh-n{u-mbbodﬂo-hubcmnndhdmmddm Inall
the cxperunents the probe was placrd clost 10 “omebs In pelana blocks
1 When the probe was piaced closc to pdyuh)lummbqunbcddﬂind)c;ﬂ.nnn,

cmmnually
2. In similar expenmients with tubes of different diameters, or with flow through
0 Fyy
for cuch tobe was Inveracly related to the diameter of the tube or the bole, In the tems
cmels tho mwean Noear flow veloaty wcresscs ss the heart s pproached. Therefore
there is for both arterscs and velns an upper size Hmit for the vemels which will be accept
able in flow detorrunanons. Placed clos (o arterkes about 0.18 mm n damcter or  dos
about 0,45 mm w1 diameter the probe is scrsitive within a figw rangs from zero to about
twice the pormal flow
3. When the probe is infinenced by the flow m two 1ubay placed one oo cach Bde of
o the flow through each tube influcneas the probe 16 aboot the ;ame exient o in single
tabe cxpenments. Ifthe two tube are placed 06 the same mde of the probe, ae screenlng

the other the fffucncs an the probe of Sow through the screened tube o much reduced
by Bow through the neartr ooe.

information
It m pointed out that gandardratons msy Bot be ald\mda.ﬂcmdhhmnmilhn

changes m the perhascular e volateg  probe Grom & ome] mxy gre largs and
cren qualiiauve eron
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Tissue pO, and pCO; of the Cerehral Cortex,
Related to Blood Gas Tensions
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Abstract
U D H.Isovan, D. W Losarss, B. K Saxs sod

G. Tuwn. Tissm pO, ad p00y of the crrobval caries, reiocied by Hoed pes
sexnens. Acta physol. scand. 1962 55 127—138. — Quantitam

o the calculated sverage taeae PO, and pCO, rospestively

It has Jong been wnized that direct of the twue axygen
and carbon diomde tensions could yreld useful information an fmpartant events
in the central nervous system. A step focwand was the development of polaro-
gmaphic electrodes for measurement of the axygen tenmon In tsue (Davis and
Banx 1942) Since that tme a number of qualitatrve studics of the oxygen
termacn of the cerebeal cortex have been podormed (Davn, McCuLtoca and
Romoiax 1H4 Davis and Rxuoxp 1947 AMocmzued 1951 Mivem and
Doocy Browx 1955 of seq., Degvan, Linsaxs and Sosjo 1960 1962, Mrvix
and Goros 1961) Although quantitative measurements have been posible
with the “recemed” type of platmum cathode (Davios and Banix 1942, Davizs
and Baoxx 1937 ¢f Caten §960) nuch measurersents have not bom performed
systematically to any larger extens (See disassson)
OuhA;‘:‘hrnrﬁu&:L_mo! Calogme.

B < T e
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Recently 2 membrant covered recesmed type of platinum cathode has been
developed for wtermuttent quantitative measurement of the oxyges temson
on the surface of a unue such as the cerebral cortex (Loasens 1960) Aho, &
method have become available for quant of
the carbon dioxude tensdon on tisue surfaces (Hextz and Simspo 1959 Siop
1961) Since these ddectrodes, when applied to the cerebral coriex, measure the
respective tenuons at the pla-arachnoidal surface, no | distte conclusdons can
be drawn from such meawrcments a3 to the tensons n the tasue proper Soch
conclunons evidently swaits the expenmental correlation between the temdons
measured at the surface and thoee cxstmg mn the tmue proper

The distributon of 2 gas in a tnue can be analyzed theoretkcally with the
help of 2 yultable duffusnon model, & g the twue cyhnder (hxoon 1919 Onmx
and Scunewex 1930 Tuews 1953 1960 Rerv 1957 Tusws 1960a) Aprac
ucal advantage of such an snalyns 1 the mtroduction of an average frsuc to-
xon, which can be ealculated fram the tsue cylinder model Thus cakenlatkn
requires knowledge of (1) the mean capiftary diameter a3 well a the weas
sniercapitiary dmanmnfmcpan}mhrmme(?)lhcdxﬂ'mnmdﬁomlfa
the gas 1n the tisue (3) the umuo consumpton or production of the gas
(rCMR, and rCMR¢, ) and, finally (4) the gas tensons along the capillary
The contumption or production of & gas 1 the e can be calculated, of the
total content of the gas in artenal and representative venous blood as well
the ussue blood flow 1 known.

Proently the above method 1o calculate the average tissue temaion can be
wed for axygen and casbon dioxide i the cerebeal cortex of experimenial
anumab., Thu has been made posmble by the determination of the dilTumon

ents for axygen (THrws 1960 b) and carbon dioxide (Stesd and Thizws
1962) in cerebral gray matter as well as by the development of a repeatable
method for the deterrmnation of regranal cercbral blood flow (Lasssx ad
Iovar 1961 1962) the capuliary constants Leing known (Hormuany 1960)
apd methods for the determnation of gas coatents and tensions (SEvErsouats
and Braoxy 1958 Greictuaxx and Linsxes 1960) already at hand.

The present work aimed at an interpretauon of the timuc fomons
on the surface of the cerebral cortex with the pO and the pCO dlectrodes, by
smultancous measurements of the factors pecossary for calculaton of U
average usue pO xndeO,h\-mbcMnxhulhctuwommwwrdﬂ’
those calculated agreed farrly well The conclusion 1 reacked that the pOy 35
pCO ma:umduuhclcamduuhhnprucmtrpcmdmemm:dmcw‘h‘
sctual average gas tenuons i the tsue.

Methods

The calculapon of the a erage tmue pO and the average usuc pCO # o
the folkowmg diffimon moded  The tuouc can be functoaally ninndfdhm"f‘“‘:__‘,“
areas, which are supplid with cenurally utusted capdlares (hxocit 1919) Thea
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Fig. | Gradienss of xod pCO, im  eapillary Ordinase: and pCO, 12 mm Hy. dhacme:
g of P cverial cad a1 0/10 axd  ewoum cnd a1 10]10. Memsorerenas of
PO 12 OO, were carrd v alcr i arizzal <] oo b [n progortions ghen o
;u.x.d—,.‘ /10 moaxs thas 8 perte of arterhal blood were maxd parts o coous

capillary radmm (R,) foc the dog w grven a32.5 10 cm, the radhu of the tamue ¢y loder
(Mu!&lﬁ“m(wm o Trxws 1960 b) The consampnon of oxy gen
xnd the production of carbon durode is smmed to by mptnln.ndtpuhlm

cslmder and along the capillary the followmg formula 1 derrved for the  ergr tiwue
wm(unﬁmdmwummﬂrﬂmﬁn)

R =1 @

» = the verago tenwon of tho gas m the theoe, mtegrated scrom the crom secton of
the cyHnder and along the capillary In atm.

o= the verage tensbon of the gas 10 the capillery witegrated through the length of
the oaplilany in e

A = the covmumpnon (with postove prefix) or the aurbon dicxide production (with
negath,  prefix) m mbjml
K = the diffoskon cocfBoont of Kaoa fo ml geafcmn/fmin/atm.

The term wuthm the Lage brackeu ooly depends upon the magnude of R, and R,,
the akues of which are ghvon above. The equation can thi be snplified faro
,-ki;m 10 == B+ dp @)

dph thes the difierence betwern the  erage teue wnnon and the  yersge capiltary
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change {5 dependent upon the part of the oxygen dmocaton amve occupsed. The
tenmon curve along the capillary can be determmed 1n two ways, the first of which was
devdloped for the present purpose (Lissans and Gunanwn 1961)

~enous blood In diffirent propertons (10100, 9 to 1 8 10 2, etc.) and tho pOy and the

pCO, of the mxtures wer  determined (Fig. 1) Unng tbe ongmal venoos blood at the

LmUC LEmpeTatire Do cofrectiom were necesary The remlimg curve deady demon-
carbon

ame, were mio a curve g ihe slope of temmon intbe
capillary From the tcuson curves, obtained with cithar method, the owxa capillary
tenaon was obiained by graphical Intergration.

B Teckuges exd xperomts] procedares

The present expermments were performed 0a dogs after prefiminary tat oo dogs,
cany and rabbit. The expenmenial procedures have been reviewed in detail chewbare
(Gumcinuams ¢ L 1962) Only a few relevant facts will be recalled here. The regiooal
cortical blood Bow (rCEF) way meagred according 1o Lasex and Inavax (1961 1962L

were taken 1 paraffned and heparinited 2 ml all glam prnges from polyethioe
cazrulae mounted in the femaral artery and m the superior ugual uous, respectiveh
It was fund pecemary to ranove tho booe above the sms to eluminate diploc saxio
mecs (ace below)

The pO, and pCO; choctrodes ueed m the present experlments were both doagcd
hwmwnmwmmmwﬁd
clectrode conering  cortical area 2 to 4 mm in diameter The reasons for such  daipt

nnﬁad.magewlheuuuc(sml%l)-adlhennuhmmmmmrd(hu“
pO,) wben mesmunng on different coruzal locatsam with e
(DA 123 and Bxonx 1957  These latter anatons evadently were Influcoced by
prosence of noface emcle The pCO, moaned with clectrodes of the proent
boworer is only nfluenced by the largest surface elne (Supd 1961) Thoe wot
therefore -oaded 1 the prescnt expermments.

The pO Hmﬁ/ml%ﬂyvugmdwpcdlhummmw:;:i#‘z

mmm&mm“nwmmdymwhhﬂ#
secess was allowed 0 cuulibrate w th the tosue oxy ges, bo ATTEnt Wil
d of the cquilibration ume (10—13 minots)  negath potrnulld'—OJ”—OJ
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vait was apphicd to the cathade, crrt bemg drawn fr 8 scronds, The readiogs ware
5 g
( )

made with 2 N drercy During the ex don ume the ammmal
wan cosely obeerved to ensure of respizatory and dreularary 4 £
wrll a3 of cortxcal functional

acthvity (EEG)
The pCD, mactrode (Hrxrz and S 1955, Sugo 1961) was xsembled with Q001 N
NaHCO and with 12 g Teflon. The elcctrode was rspended n a necdie bearing 30 1

to cxert prowmro anto the theie sarface, The signals from the dectrode were
amphfied by a pH-mecter 72, Ramcarman, Copenhagen) sad fod to ane of the
an Ormnax n recorded oo peper

were taken fram the pH meter the same meter being used both for mosstremenis and
cahbranom.

The pCO, values obrrmed oa the arachoodal axface of beticed anmmals do
not between corsaal arexs (Smard 1961) Under the condi-
thons af the prosent experimeni, the placammt of the dertrode was therefore not

turex.
Prax to the expammenss here,  snos of cncl
were made without previoms dimmution of the

the amumpiion that the aspiraton
causcd 8 arymg degree of extracerebral blood via the drplaic
anagomoses, AIOmOses I nal
by means of

The results of the pO measurements are shown m Table I For each individ-
ual value of rC3 MRy, the .J pO was calculated and subtracted from the mean
capillary tngon The resubilng calculeied average nmme oxygen teneoay ae
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Table I Corcbes! cortscal 0. The rCALRg, vefaes waers abtacaed frost the rxgwmal cortice] Wewd
Srar amd o arierioccnces axy pox & feronces (GLICHMAYN of ol 1962) The J p0 alva woy
*mdbmﬁ#}w&w&drﬁ%dmmﬂwmm(uuﬂu
Wit the 0 rebars aas sabtractad from the s capillary 0, the cululeiod acrepy

FO s adinad (O | 1When & mocn rCAM Roy ¢/ 7.0 (-lOHN[I-u.)nnul_ﬁvLﬁ
calenat;on of dp0 ewther maoruge (11 pO reibed (30 ). The differemces betwaen s p00
seducy obbaraed itk U slictreds an (b phe-arsckasdel sembrane (§0 mats,) ol te ten wiy
of caloulatod orpe tims §O are g ix the last columee B s seem that Lhars 11 & far apw-
sl bitors the pO talns slamed itk Ui clctrods cad that calouluiod o tie besis of ¢ -
Sorm CMRo, The dwsls of the experments (deneted by sxmbers o cobownt 1) ars accowaed for
o tabls I of GLezcasarcs of ol 1962

Ep  pO, mm Hg WRo, Ap0 FO, pO  pOs DL
. Lum—Clm(meak. rm:ul.i ak.  py
andnn [ e, mmﬂ.mlmﬂl:‘x

m-Hz

455 370 40 105 463
5 M5 W3 A 1% 13 23

38
05

VL4 §10 415 600 16 sy ws 20 29 + 8
250
7.0

N1 $89 265 425 71 s 240 ns U
br 83
2 GA0 270 410 a7 %3 135 ny 413
b+ 40
3 w0 215 40 121 s ns 220 1o B3
b 2
4 N30 05 10 LY LV w 1 1o+
b+ L3
5 303 195 255 . o 123 s 19—
br 13

gntnmlhgcohunnmthclcﬁofmndmmh:glh:mdnidmldcmtdtm*
mmmuufporlnlhznmmlmnmp‘mth:mhudnm‘”“
oxygen tenwons, obtained wath an a erage value for rCMR,, of 70 w1008
mm. (GLacMaNy ¢ of. 1962

The ussur pO measurements are too few to permut 2 statzucal ansfys
Same facts may howover be pomnted out Finst, the pO imeasured with e
cectrode differs ugnificantly from the mean capallary tenwon @ lﬂcﬁ
anahyser Second 10 most cases the pO irectly measured comes chue 0
9O 1 venous blood. Third, if the pO  measured 13 compared with the 3 €280
tusuc pO calculared from the mds dual valves of fCMRa, sﬁnm“;‘i‘
1 obtained in only half the cases. If, however mtmmpunonumadﬂ“
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Corebenl cartionl 04 Tt rCAfRcon matnes ware cokouialad froes tha regemel Hond foz
L“ﬁum—wfoéﬂbiﬁ—n ﬂAE calyer wmy pbicinnd by saliplring

PCO, | mCO—

Fxp pCO mmHg AR, dpCo, TCO
co, mmHy alk. e p CO
wfomo nmg e f100g) wmHy wmHg | mmHg

oL o caplll gy

o1 me LIV ] &0 .1 409 s 416
v o1 2 S0 400 1] as “ws 400 a9
1 ms 85 w3 15 a7 a2 uno L2
3 73 498 ;3 sl %) 82 ws  +os
4w M0 443 23 as 49 450 +al
vl s 05 448 7.0 Lo a3 49 03
T s 50 423 a0 L2 a7 @8 7
LY S @0 0 a9 Lo 570 M 1
4+ 9 @ e [ Lo 2o 3 18
i+ s [LE R 17 as a8 ®o 412
Vol ®o 200 40 &l [X] 9 45 406
t s 618 433 56 v @3 %0 —03
3 s ue A0 ns L7 507 70 —a7
IX 3 %00 sis 425 ns L7 @2 @ —17
+ 140 20 o 137 iy ne 23 s
s w20 @0 w5 27 o3 80 570 —18
X 1 me 60 4D 74 Lo 50 20 —10
2w %60 413 1 Lo @as 450 2%
3 s 453 383 10 Lo 5 403 + 10
X1 1w L UR 1 70 10 40 LRy
X3 ms [T X 74 Lo L1 45 430
4 u3 00 423 10 L0 43 4“3 a1e
3 158 40 10 L9 10 M3 —03

a erage taes pO cakeulated from the a wrage rCAMR,, valoe of 70 ml{100 g/
min & fur agreement 1s rexched ;m all analyses.

II The pLO meanaremenis
The resals of the pCO  measurements are shown m Tabke 2. There were

twenty~th fi In the fit seven of these (expermments
3, Al and X1II) no measurements of rCBF were cartied out. For this series &
rCMRe, of 70 ml/100 gfmin. (GLExmEWARY of ol 1662) has been asumed,
V622015 Acte phyooal. scaxd. Vol 53
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mving & 4 pCO of | ;um Hg The amumption canmot muroduce any large
error dnce the influence of FOMR,, upon 4 pCO, 15 small. The seqes is abo
rather homogenous with regard to the pCO in artenal and venous blood.

1ln (he results there are two messuremnents which were pot carmed out at sieady sate
{IX +and I 1) They were incladed in the group as they are of some intrest & the
intespretation of the valuts (see Dicummon) Fifteen (o twenty minutes before each of
these meanrements the repiratocy minute volume was mcrensed and the pCQ, re-
corded from the cortical surface was still decressing at the twme of the blood smmphog.
Theae values will be discussed sparatey

A stathucal analysts was carried out 30 as to correlate, on the one hand, the
pCO, measured with the electrode, snd, on the other the caloulated merage
tmgue pCOy, the mean capilary pCO,, and the arteral and cortical venow
pCO,. The differences of the arithmethic meam of the first three of the shove
groups were also calculated together with a standard deviaton of the mesn.

It 11 sccn that the pCO, valucs chtamed with the clectrode Les sbss the
mrddle capillary tenmon (+ 0.7 mm Hg) but bder the culoulated average
tsue pCO (— 0.3 mm Hg) the standard deviation from the mean bong ab
mant ulenucal (+ 1 1 mm Hg and 4 1 0 mm Hg, repectively) A very hugb
correlation was found between the pCO measured on the cortica] surface ad
{1) the average tisue pCO  calculated (coefBient of variation, r = 0.97) 1
well as (2) the muddle capillary tengon (r = 0.97) the correlation towards ()
the cortical venows pCO (v = 0 88) and towards (4) the artenal pCO, (r =
0 87) being somewhat Jov er though still highly significant.

Discassion

A.nm‘).u:nl.t:\c!mt.h:ero::Im:liv:n'n,nnm.mrcmcrmc-l‘thelhmcoxygcn“"I
carbwdunidc:amdumnnuldbco{mmhhdpmmapmmwMIwﬂ‘d’
lom!rypmhk:nswummg(olhcfuncouﬂdlheaﬂbnlmuuﬂ
recently only qualitatrve measnrements of tmaue axygen tension bave been pT
formed. Such measurements are, however in most cases of very restricted valoe:
In le, g rents have been pomible with the
type of platinmn clectrode (Davies and Bruovk 1942 Davixs and Bacax 1987
The application of such electrode the blological problems bt
however bccnhanwcdbythednﬂku]tynfmtcrprcd:qmdmxm
measured. Thus, different tensions have been measured on different bduf::
cortical surface, dependmg upon the ditance to nurface vessels (Davics
Baoxx 1937) C ly the above nteap fon must be regarded 3 P
equustite for § 3 on a tisue where couwoen gradinn 37
pracnt due to diffuson proccases.

The cloctrodey used in the present smvetigation were both delil "“‘*‘;
Jised 0 a3 (0 cover a relausely large cortical arca (dlameter of actve a3
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to 4 )Ituuﬂ)oughlthltnh:hldmg‘n\ouldmlhlhcmclnmmhm-
d:p::r-;ntc{mmdknuuoundmpaﬁnllvm:h,mdpudﬂy‘b

the recond remamed the object of the present expermments.

As a comequence of the dengn of the electrodes, the meanrements had to be
confined to the sarface of the timue. This mmt not, however be regarded a
dwadvantage, but rather & prerequisite. Thus, the Insertuon of dectrodes into
the twee will inevitably grve mse 10 damage, the effect of which npon the mras-
uring conditions cumot be predicted (gf Sooyo 1961) Fram a quanatatve
standpowt the macrtion of dlectrodes into the tmie will oaly make sense 1f the
dertrodes can be brought down to such a site (a few muicrons) that lntercap-
lary tiwue regaony can be explored.

The theotetical conmderations mvolved m the proent rvestigation are based
on certam amumptisns, Thuy, the ven us blood samples must be conndered
represenfative of a harge cortieal area. Evadently 1f the comparnon attempterd
shall be ustificd, the meanmrements of rCBF s well a3 of tmue pO and pCO
must aho represent the same area. Thero are good reasans to belleve thas
rCBF in anctheus n rather undorm between different Jocations in the part
o the cortex under docussion (f Inovar and Lasax 1962) As for the pCO,,
very sl differences have been found between dufferent cortieal reglons (ace
above) and the tam  seemny to be truc abso for pOy, at least m symmetnical corcal
regrors (Kurex, GAwssmr and Lisuxas 1962)

Any correlation of the pO or th pCO mensurced at the surface of the bwue
with the average tennon m the muce rmust take into connderation the approv-
mations involved fn the calculauon of the latter For a discosnan of the calen
lation reference n made 0 the ongnal papers (Taxwa 1960 a and b) Th
average theus tennon o dependent upon two maun factors the mean eapillary
tentlon and the 4 p resulting fom the coonmpton of pxygen and the peo-
duction of carboa dioxida respectively Sunce the mvolved factory differ quan-
titatrvely for the two guses, they are treated separately

#0,. In the calculanon of the mean terwon from the tennons in arterial and
cortical yenous blood, the nonlmearity of the axygen dosoction curve has to be
taken it account. M the 4 pO (rep ung the decrease in pO due
to the axygen consumpnon of the timuc) has a relatrvely lasge value (compared
o the | pCO,; on account of the low oxygen diffuson coefBaent. This means
that 1l a1 well as th 1 errors may cawse lauger absalute
vanatioms between the termon calculated snd the one d (¢ Tablk I)

0, The calculation of the o erage usuc pCO fysimpler FInt, the ‘phymo-
bpm'mbmdhﬂdcdmdnnmmunbemminnmgﬁtﬂm(ﬂg
1 ¢ aim Cmmomamso:, Dovaras and Harpaxx 1914) which moans thar the
mecan capillary tenton m the smple anthmetic mean of the tennons m the
arterial and the vennos blood. Second, due to the high tifftnon coefficient for
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carbon draide 10 the tmsue, the 2 p I3 mmall (1 mm Hg at a rCMR, of 1.0
mlf100 g/mun) On the other hand, the smilanty between the mean apllary
termon and the average timue tension will make 1t bard to disingush between
\hern

The following Gt scem axpeoally evident from the present reyuls Fuw,
the pO obtaned with the elertrode es clme to the cortical venous pO, bat
far from the average capiilary pOy 3ccond, the pCO  memanred with the
electrode hies close to the mean capuliary tenmon bat far from the venous pCO
Provided the condiiom determuning the tenwons measared with the mo
electrodes are wlentical, thexe rendts md that hoth electrodes measure 2
tisue teomon and nedther & mean caplilary noe a venous tenson.

Further concludions must, however be drawn with caution. The pO, mea-
surements are 100 few to pernut positive statementy. The results cleady indicate
that the clectrode docs not measure & mean capillary pO,. The queston
whether the electrode messures a temion close (0 the calculated average usue
PO, munst, bowever be ket open. The raemblance between the apuc oxyges
tenatons d and those calculated on the bayws of an average
suggests one of three powibditics 1) the pO clectrode doey pot mearoee the
average twsue pO 2) the determunation of rCMR,, gives erroncous rosdd.
Both of these pouibulities could be true of the different methods invohed &4
not umplicit the 1ame tiwue compartioents, 3) The approxumations and P
t}omwvohtdmdwa}cuhdonngcmonmmrmﬂu.UnmfunbﬂaPﬂ*
ments xre available, 1o 1AEDDE cAn at present be made as to the caie of the
dncrepancies encountered

The resuls of the pCO mnuranmumcmor:umpkwimﬂplﬁc-m
the highest correlaton & obtawed towards the mean tensioa end
towardy the calculated average timue pCO, but, on account of the smilan®
bemrmtheuwumu.nuvcryhndmmthlhctmmmmdud—hL&
electrode 13 closer to the one, or the other 'X‘hrceflcum“uuhatthcakukﬂd
awrage umue pLO 1 the ane measured. Firg the anthmetic mean of 28
mcasurements are closer 10 the calculated 1canon Lian (o the mean Gy
tensian Second the pO  measuremscnts sndicate that electrodes of the proc
sze do not measure the mean capilary tenmon {1ee above) Third, in & 208~
steady state after a change i ventilaton (see rerulty) the pCO values P
with the electrode differ unduly from the caleulated a erage pCOr s
difference mhxhummhkdvcxph&ncdbvxhgmdmwbﬂndnxﬂ:
fusion from the (imur cannot be explained by the respone tume of the elestrod¢
all the more as t fauled to oocur in the same time penod after induced ByP”
venulauon

Ounthcrnuqumumd:ucmlhmbcanumtﬂthnﬂ‘o‘k‘lm:;:
Myaquwmcwunlmmdmucbkmzbcuuula\ﬂw i

rmade Ia the ©

tenpon, provided that the p and app o
culanon are just fied It must hot ever Dbe born 1n mund thar netber
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electrode method nor the calculabon an produce stnct endence ad o the
pature of the tension obained w th the other method. The resemblance m
results with the two methods are, however suggestive and, as loag as po other
method of comparmson 1t available, we mught asume that a surface pCO
electrode of the type and size used here does measure the actual » "crage timuo
pCO of the cercbral coctex.

\ois added a progf The 4pCO  values in Table I were aloulated from a
prelmminary value for the diffumon coefficent for carbon dordde R, = 4 1
Yem{mm/am.) The final eval of thu coc (Smsgb and Timwa
1962) has gnen the valoe 5.4 mljem/oum/atn. Correct valua for 4pCO In
Table II are then obtwned by dividing each value with the factor 1.32. Thu
alteration o ugnificant only imofar as the mean difference betw e the meured
and the calculated temaons respectvely 18 reduced to about 0 1 mm Hg Cone
sequently there 13 2 more marked differtnee between the mem capillary ten-
won and the measured tmue carbon dwoade termon than 13 obvous m the Table,
The prescat bm eathgation w as sepported by the Swedish Medical Rescsrch Coamcil, the bt
and Alee Walleahergs Sifichse™ and the Destacs

Teckmical smstance has been grres by B, S8densacy and A. Pivar.
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Effects of Two Rapid Acting Cardiac Glycosides on Dog’s
Heart Lung Preparation
By

NosHorors Azesxoo
Retrrved § Nowember 1901

two gheosido was that acetyl bad an motropec
optmgn at & lower placma pH kevel than convallatcxn. The roult
further soggesos thar and the touc’ effects are related,

t lomst move 30 than the dectroly i and the motropsc effects.

The cardiac glycoddes bave three maln effects the posluve wotropic acthon
an failmg myocardium, which may be called the therapeads (fact the influence
on the eectrolyte balance of different Kods of celb (resulting {n an increased
potasaun: o from the celb) which by usaally called tho dlatrebs ft_ nd

the dissurbance of impalse for and renultng ine. g arrhyth-
rus, which as a rule b named the foxw cfedt.
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Whether or not the two finst-mentroned cffects are caunally interrelated has
for several years been a matter of dmcumion Cavstouw and Haxmmow (1931}
and Woop and Mox (1938) observed a potamium low from isolated myocar
dium with digitalis therapy Rzaax, TALuxss and Herrrg {1956) found an
wncrease 1n the plums content of potamtum after adminutrason of acety
strophanthidin 1a therapeutic doses. Recently Bracxuox et al. (1960) obmerved
that both taxic and nontoxic doses of heart glycosides produced a rapad release
of potawium from dog’s myocardium. On the other hand, Haaxn (1939) ob-
uvcd‘lwghtmamﬁeinthcmyua:dulpoudmnmncmm&nwhhm
peutic doses of dipalanid but a marked decrease with toxic doser. Bovim and
Poorprxter (1940) ako found m dogs an i inthe lular p
content of the myocardium sfier digitatizaton. Sull another view Is represented
by Gostusor, SmorL and Bovo (1956) who did not find any significant change
in the myocardisl potanium balance after admmnntration of cardiac glycmuda
in man.

With regard to the divergency of opimon {t seemed of Interest to compare f2
detail the actions of different types of cardiac glycosides. The problem ¥
whether or not the inotropic effect has & fixed relasomhip to the other o
main effects the magrutude of these effects and thelr trme courses with different
doses arc taken as indices of the relatronship

In the present seport the two rapsd acting cardiac glycoddes cmmalieius and
aceipd strephantkidia have been mvestigated on heart lung pecparations (HLP) o
dogs with regard to the intenuty and time course of the differential actiont
The wfluence of changes of plasma potasuum i the HLP on the ghraedt
action has alyo been investigated.

Material and methods

The experunents were performed on moo, welghlng 10—26 kg. They ™

hesized w th Nembutal® admil Kr'ddm Jy 10 & dose of 30 mg g b7
weight. To prevent elotting heparm in s doss of about 5 me/kg body wcight was myer®d
wmmmmmmmmmmwh-wﬂ:
mpwdm-mmmwmmmwmhdwm““n
63 CO inoxygen) Aﬂcw..—.:-‘uiu.;.uc...ur..nrm:h(hna‘m:-.nurlmp':-rw’““)E
Ligate all small -m:h;n-hxfmpamd}ummmcdlntmmmdlbmmms#
;ynmnhdmdyﬁufmmlnhn)lhem:hmphaucmmkmmcumhl o
superior vena ca a o0 the cnous udo were canaulaied. The arteria] cannuda 8 %
nected 10 bug “Windkessel” an air chamber to umulate the volume claanc

umag
(1940—11) a3 transducers furtber beart rate, temperature (kept comtant ot
mastat) and m some cacs ECL wer recorded at frequent intorvals 4 | o
updulc-cmognpbvimmcduwlndunchﬂmuumcd.fmbﬂw
Lbcpamﬂymcd}ﬂfmnbodmﬂbcpuuhbdchtwhdr(muxmlﬁn‘bw
By Injecting the glyconder ¢ certun tme after the start of HLP and by s
adring the cxperiments w th rapect ¢ arteral’ vascular reusance “venout
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and pulmonary mu“ummmmwdmm
of nnyocardial y and therciore response 10 the glycomder. As

Drugs

b knows & the strangrt of all hitherto discorered beart glycosdo it was used 10 2
dose of 0.005 ma/ky body weight {i €. the body weight of the miact dog) Acctyl nro-
phanthidin (Lily) ks aho & vory rapidly acting glycoade, and was used n a dose of
0,125 mg (0oo cat wat) par 15 Ly body waght. Thrse doses comed tome masifemations
(scvere anhrytirma) wnally within 10—30 min afier the Injection to the HLP

Results
The owirepic ffuct of the cardSac glrcasider
The Increase of the ‘arterial pressure has been taken a3 a measure of the
pontrre inotropec effect, Thrs o jmnfied as long as the *venous supply’ and the
‘rterlal vascular renstance ase kept constant.
As seen in Fig 1 the maxtmum effect was resched about 10 mm afier the
infectaon Sor both glycasldes. A sccondary decrease towards the ongmal level
wsually started after 15—20 mun but 1n some cases a Iate rc of the ‘arteral
mmmm—%nﬂnxﬁndxh}m%mlwmcpmﬂ\t
cffect of acetyl hanthudin was stronger than that of convallatoxin
withthcd.uumcd.ﬂrdunmnohb::ﬁ'canhou:mnimbelongu-fumcql
strophanthudin, The “venouy’ presure was found to behave in invense relatien-
tup to the ‘arteral premure acetyl strophanthidm had a moce d
and proloaged effect than convallatoxm on ‘venoms preane.
In onc cxpenment a very strong positive inotrope effect was recorded. This
hmnuu,bd‘aethcmjcrt-m.hnumnmtmmmcpdomlm‘mavu-y

::)‘lnuhrm(GOmmHg)md;vu—yhgh'\m pressure (7.9 mm

The clactrofyts cfoct [ the canfiac glycandes.

Fig. 2 thowa the rate of potamaim ks from the tmucs of the HLP (L. ¢ the
rate of ncrease of potammum in clrculatng plasma) It was rather constant
during the first 20 min after the injection of the cardmc ghyeonde and of a
smilar magnitude, for any particular dme and pH-level, in different prepa-
ratons. There was an wncressc at higber doses, m parallel with an increased
L:ndnaq!onrﬂ:rnppnnnmuf:n-hﬂhmh.w‘hmmmmhphmhmd

ally when tho rate of boss In-
id untally camed the same or cven a
lﬂlhﬂyhlzhcrnuo(pnu-lnmh-thmcmn‘m;odnbuuﬂunhwtmmm
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the rate decreased more p ify with acetyl strophanthidh than wrb

coavallataxin

hhpnn{blethulhepouniumhuzmco[plamnwnducwahnhﬂ
tiues other than the myocardual cells. In control experiments it was out
that the potassum transpon ohhemdux-pmdamwlnﬁucuccdb)"h‘
ghconde dose wed here Apa.nofthcpoummlmmbtapeacdbm
1 the hungs where according to Woan and Mok (1942} more than a ball
the potasuum bom can take place However in some experimants the g &~
culation was disconnected for 2 ume ml.bom;nyob\mﬂgmnfm‘mm'
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pac cant

g

u 0 n W & 50 0 0 10 0 0 1.3
Ht Fg 3

2 Pereental bncrease of i plasssn of ©
dn:e.&g‘ﬁhmh.) d-m)lnwhuﬂidm(tpp:rmm 4455 mcql)
wad comvallatoxts (lowcr pmrt, Pre-injection range: 2.6 1.9 meg/1) Dufferoat
el primi e o e e dmbedopen circen 35

enmicdar by largs open Tusgle
% 3. (Rht) Perornlal increase of pocamimm ta plumma (ordmasas) after njertnm of aceh]
and axyvallasonin (low

dunng the glycoside action and a potamlum increase in plawne from the

working left -entnicle was endent. There 1 thus no doubt that the

lox aho occun in the myocarduim bat the value could not be ued to caleulate
f hanges of p with any

Electrady ts cffact relased to omtrope cfect.

Fig 3 shows the rano betwern the mereawe of potasnum in plasma god the
hmcdmﬁndﬂmloﬂnandﬂmmaﬁnthghlmd“
cardlac glyecoode. \\‘hﬂcamylmnphxmh:dh\eamcdmhunmpnm
potasaum, most evident 25 mun afier the infection, a1 well ay an increased
pouu\tmouup:ccﬂ'wc.cmxﬂnmdnnba-cdnd.mmmatmpkzﬁ'm
ummmmcﬁnnmmnmmmdhopﬂ(
‘;“\uhrrgudloth:rlﬂobﬂ“ccnthcdcnxnlﬂllndwdrm
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In Fig + the moreasw of the ‘artenal’ e 1 relation to pH u ilustratek
There was, abo here a duffevence betnern the two glycoodes H)W“Wh
depresed the pac effect of \ hxrmsnnimbcm(mmxw‘

onthcmnuvpaceﬁ'cdpmdumdbymlmopmmhidm,uwh”
an opumal pH level at a lower pH than convallatoxm.

The lectrolyis ffest | ariroc glycesdes ok pH

AsFig 5;baws.lhypac1pub.(mpauory;ddah)mdzdlo?‘“mw
nwdpoumumbn:han“uohchdmmmpmnumodu‘“h)
capnia (resperatory alkaloas) At extremee hypocapnis the s
low agun teaded 1o merease slightly Companng the e glyemds 18 U5
regasd, there war oo cenan differesice beween convaliatoxn and 850

thudin.

Termmally when mwuhrmhywduwxmnmhfﬁhfmllma‘ﬂ;tt
\hcwmksmuxdmaﬁzd}y nmu!u.uou-u}yuhhadcﬂmc o

m spite of the unaltered p y wod an unchanged of WEHT
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mereased Peo, This mdicates that the terminal acdoms depends manly on
metabali factor.

Sediam and calcaom

The plama sodium ined IH hanged after admint of
both cardiac glycosides. The average mtial value was 144 meqfl the mean
decrease was 0.7 % both 10 mimn (8 exp.) and 25 min (7 exp.) after the ngee
tan of the glyconds. In some preparations there was a afight terminat decrease
— pot exceedmy 3 % — of the sodium concentration but thn effect was not
significant (3 ¢. it was wittnn the error of the method)
I\ochmgemphnmcddmnmﬁmndd\n‘h:glh::muflhewdhc
glycosides. Amuming that the plc effect of the glyeosides s dependent abso
on calcumrion distribution (Loxwa 1818, WiLamaxor 1935) this reslt could
only be explamed if a change occins in the intracelular drstribution of calclum
(Nmoszoawxe 1957) without changes of total myocardial calcium content.

Effacts an heat rais, cmpmilss formation and conducivn ( toxic (fects’)
of cardiac ghcasdes
There was ather Do or only a vary unall increase (a few per cent) of the

arthythmia did not scem to bo d with any lar vahus of p
mm!ntbnorpﬂhlplma.ln:fwapmmuitmpdbkmme
:m\nrhy\kun,‘ld»ugh-myhxghpnummnh-hadnkcadyocmui,hy
injectmg drenalin tﬂﬂclrrhy‘l.hmilﬁl’ﬁlppﬂl’ed
but later ly o ed ot censed (
remained) in spite of & high potasdim loss

The arrhythmis depended on different rypes of distarbances of impulse for
maton and conduction, ¢ g atro- mnmhrbhxk,ccmpk-u-morvwn-bxhr
beats, rapud ectopsc atrial rhythm, and \[; or
fibrillaton.

A potaslum lom wat found already before the oaset of archythmia.

Discussion
Uscfalnass [ HLP o sindyag the actioas of cardine glycnsides
Aldm;hhumd‘\umu\.\dy the molated heart in situ with the lungs as
of the lungs and the heart cannot be scparated. Advantages are o the other

hand that the HLP can easily be adjusted to a required pH level, and that to
possible to get a rapld chemical equlibdum within the system.
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For & study of the wotropic effect of cardiac glycorides, Gubing’ or “hypo-

dynamic myocardrom muit be uzed as the ile foresof di
myocardsurm is not mfinenced by digtalis Ax was panted out by Rexe (13H9)
a HLP regularly develops s Sp i Loy ngas of myo-

cardial failure, and therefore should be nitable for sch a study

Asa HLP has a Iruted capanty to break down cardiac glycosdes, e on small
doses tend 1o become taxic but bdore the toxic cffect nppears there u, bmao
alwmys a perind of therapeutie effect of vanable duration (therapeute phase
of respotse)

The relatronchip betrven vwirspac and caciraiyly gfact

Hapo {1953} showed that the foree of contraction and the sponuneons
potaxsum loss of molated fog hearts changed in pasallel and fosther that
potargum moved ous from the celly dunng contractson and re-entered doang
rest. He suggened that the cardiae glycosides act by blecking the re-may o
potsmum, thereby detreaung the Hudar fos (g jum)

Wirox, O Brien and Rav (1955) found evidemee that wath each cardise
cycle a potasnum efflux occurred durmg repolanzation, Whether s effox 3
enhaneed by cardine glycosider, thus not only blocking she re-entry but aho

problem,

Inereaung the efffux, s stll an umoived
“ost eacher reparts an this problern have shoun that texic doses of candist
glycondes @ve a p loer from myocardlum but whether thoapeute

dotes abso have thas effect 33 duputed. Woop and Moz (1942) foumd a potamust
loss from isalated dog's hears afier therapeutie doses, Bracxsox et al (1960)
im&du\bmhtmkuﬁmdmdamcglywm‘
clcast of potamum from myocardivm. On the other hand, Gesrian ot o
(1956) found no tigndt R in the p content of rabbet bearty
after sdmmistration of digrtoxn Joswsox (1956) showed that glycondas ik
cardiac actions minbuted the net ranyport of potastium m the Sartonus muxk of
frog, while other ghycawdes with no or & very weak Gardiac action did not mbiat
the clectrolyte tramport. He concludes that s miflucaec on the potawes
ranspert 18 necessary for the toxse cffect of cardise glycossdes.

In the prosent Wuﬁwuﬂmmwwﬂd)‘m‘h‘
ummmpmxammmmwghmmmmumm»m
not smlar ths wtmymmmmmmwﬂwmmmz
provrequmte for the wotropic effect even of noprtoxic doses. Howove o
prsmtdmadgig'mdnwmxuwymcmmwmrwﬁ
effect may heve been an early sign of tamaty the resilt can therdore
exclude the powsibel 1y that afier all the inotrepic and dectrolyte effects 3

separate.
'ﬂcohu\tddd[amtcmbchlvww“tmlbcmvﬂmwd‘“};

fand, supports the mmmmummmmmmc}mrdmﬂf“m“

scparate. With convallatexn the motropee effect deereased with Indt
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dertrolyte effect with acetyl strophanthsdm the two effects ran more 1n paralicl,

Tho ratio between the inotropec and electrolyte effects was m most expermments
higher for acetyl strophantindm than foc llamxin, which means that a

motropic effect with acctyl strophantindm at doses provokmg toxic effects
{arrhythmia) watiun a certain nme range. The wmotropec and clectrolyte effects
of carduc glycowrdes may therefore not bave & direct causal relatiombup, if
indeed any relatioaship at all,

Further suppoct for the theory that the mnotrope and dectrolyte effects may
be separato was obeained in HILP-exp with adrenali drenaline,
and angiotrnsin {AmmxoG, wnpublihed obsarvations) A pomtrve 1notropsc
effect occurred after these substances without any change 1n plasma electrolyte
concentratons. This result thows that a poative Inotrome effect can be obtained
1n the ‘fading’ myocardium without any observahle changes of plasma clectro-
Iyte concentranoos. It should be mennoned that cardiac glyersides have, m
contrag to the above hormones, the abllity to produce & higher dficmcy and
2 pomtive motropic effect in HLP without a prmmary heart rats incresse ~— .
addition o the carduc glycondes only Ran  spleen-fiver factor (Scrnma
1956) thows thns combuation of effects. The above-mentimed hormonal effect
therddore suggest but do not prove that the notropic and electrolyte cffects of
cardnc glycorides also are scparate.

Even If the results presented here support the view that the inotropic and
clectrolyte effects are separate, t o still pomible that the inotrome effect may
depend on intracellnlar electrolyte cvents, ¢. § a faclitaton of the noaml

low dunng myocardial which might mmprove the intra
ccllnlar same milleu for contraction.

Relutrenskip betrocrs clactraiyis axd tonc dfects’
In scveral earfier reports, e g by Woop and Mox (1942) and Bracmson
ct al (1960) no obvisus correlation betwern the degrw of potamium boms and

Ths ind that it m some way are of Impartance for

At has been mentioned earlicr & potamiom lom was ahways observed already
before the omet of tachycardia and arrhythmua. Thus Is not in accord with the
view that in 1 loss w dary to an i d beart rate. The
present realis mdicate that the potasmum lom does not ocour in paralle]l with
the toxle effect, i o. the mechankm 13 1ot 30 simple that the incroased potas-

—
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uumkmuducmmmauscdnumhcru(cmhcﬂnm.Oudxmhn—hud
m:mofrdxnomb;pwumlocnn,mdxncampmbabkﬁmtbndmm—
l)umd‘mxfdrmmmmccwymm:hwdlhmthnd:wmm
motropie effects.

Rthu.:bf‘dumﬁl{ndmtf‘ban&:
lnlhelhcncnofdrup,rﬂpn'narymdmummapou.ﬁmhnmlbc
lnuctuimﬂorpnmhhuxhabccnnhownbyﬂ:mund(l%ﬁ)lhu
mpuuoryl&alomangnclhcnmcaﬁ‘mHuprmﬂumcuthcmd
mﬂucglyvuddamd,oomaxdy howc-rdhcgiymﬂiumﬂucncclhcpﬂ

nxcan:dmbeorinmmnkomlmuﬁpwzhccﬁmonhydmgmmmo-
ments, takmg mio conuderation possible differences betw ecn the actom o
acety] strophanthichn and convall In the present experiments a respera-
Iaryladaﬂ:mcrnudlbcuuofpoumumhmb\u.modmm}iﬂm
alkalosis bad no effect. In this respect, there was po difference between the
mommadahuzmngth:mnuopxcﬂbqumindn,mhuvphnm

showed 2n optimal PH range betwern mod hypercapnea to P
uhﬂccmvxﬂuoﬂ_nlbuhn:llh:hxgbaz“ P j: wih 7
10 moderate hypocapnea.

Dmngthetu‘mma]lrrhﬁhmhu:cm)mrdulcdhkﬂmlon}vw
M@hﬂmmummmmmmﬁmxzmm&w
1 thn depended on an wncrease of the Intraceltular by drogen fon producton the
nould,mmm,xmdlocompamtedxpouniumlmfrmnthcmlh

Thn stuely was eupported by graats from Magaus Berguall Fouodates asd the Reqrad Fiod
dt.bf-\lrdn!}'lﬂdry thcrm.rydl,ppuh.
WMnmymwhllnMLmthwm
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The Effect of Electrical Stimulation of Nucleus
Ruber on the Gamma Motor System
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Abstract
Arraiszro, B Th ofedt of dectracal stcalabem of Acious ruber on the

a3 a bk 1o a gamma Ting nystem ding the pr
eortex, the gobas pallidus and the red nuclen s documed.

M:chxmmfurcmu-dnmu—olohhcgamm;muarmlﬁn“mw
strated by Graser and Kaana (1352) who found spots withun the dienorph®
and mesencephalic reucular formaton which upon elcetncal atimulues
)xldcdmmcklpmd]emmnxmon:dmwwmAw
mryn:uonong:mnzcﬂ‘:rcnumlh:vcmnlmouandthml}wm““k
rpundlcs, was ako eboited from the hemispherse part of the antenor cerebeitr
cortex.

The above mennaned authors also found mhubutory areas i the bulber™
cular system snd m the vermuan past of the anterior cerebellar cortex ”
’l'h.cmu:ﬂ:ﬂ.mgpn:\\:da:r:lc:l'ct:uu':a)garm'mcmnml\.r»I’ur'.hﬂ:l'ulll‘h"“j
Fiomep Graxit and Mexrox (J933) and by Eroxen (1955, Soeal

structures weSt reported 1o wffucoce the gamma system when

cen
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mnmhmd.Amongcnhcrp-ruohhzh-unEwmlhotmuugncddxtmu
ptntulnddcnwcccmbdhrnndnnndhnﬂd:ucmcmmmuﬂ'nctlhn
SRIIMA Fy¥Lem.

A:Lhacumlnnmammﬁmnhlpbcmcul\h:mtupmunndcmmth:
cerebeltum and the red nuclaus (Arrriseno 1961) it was conndered interesting
to:mdylhccﬂ'cctufth:ruinudununlh:pmmznﬂun.h(mathﬁﬁnﬂ
kannbcc‘thzmbrq:mﬂmmmwmdmg&c\mnﬂhmn
c:ﬂ:mth.er;nndmrd(CmmmdBtmleOl Hpauax and Canrxerzz
1959)

Endmccvﬂlbcprummd:hmmglhtthzmdnudms.dnpﬂ:bcmg
nnnn:ilnlhnﬁdhhmryrtnmhxmoﬁh:mcrphﬂcnhnmhhﬂmmy
cffect on the gamma system.

AMethods
32 cats were used for the rh They fxcd with
admmnistered

ware
Nembutal (35 mg/kg) Small addstional doses wers grven Lntravenomly
when needed,

Thmdxﬁamxnpdmﬂym;lh:pmmnﬂthccmmlc&mmuim
It were used;
1 Mimde sundle activity in cxtemor (AL gastrocnomus) and floxor (AL semten-
dinoam) nmmcles wers recorded in thm docsal root fillaments. In these expormnenn the
lambar

e was dencrated cmept for the muscle from which the spmdle actvity wa o be
studied. Tha beg was ngidly fixed with drille through the fonur and the tiba. A camp
was used 10 fix the flnm and another was fastened in the third or fourth lumbar spaial
procoss. The tendon of Insertion of the muscle to be wed was cut and attached w &
myograph. of parafiin oil covermd the exposed arcas. The ofl was kept a1 tem-

fAmma motooeuroncs.

3. Tho acthvity n gamma filwes was recorded from thin strands of the cut nerve to the
asrocnemiue mumcle. By eectrical simulaton of the bhial nery  prommally in the beg,
the conduction oty of the flarms recorded from could be determined.

Lo all hole was made 10 the roof of the skull contralaterally to

was performed betw een paurs of adjacent electrodes in the
row The eimube conseted of traim
+ 1 ), of square wave mpulses (100—150 unp/see, pulse

The myograph ued in the experlments with darmal root recordmg was of the straln
fge type with  cxrier frequency amplifier and demodulaior The output of the
myograph was connected to ooc of the tn beams of the

At maomum

1
ram Joad o tha ooy ograph speiog gave  defiection of 9 mn of the beam.
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Rcmrdlugﬁ-nmlhcﬁhmumm:d:dﬂmmﬂyhumlwph&hmdw
uudu.Tnehnpuhawcndmphy:donm:bamd’Lb:mﬂmmmACau:H
ampiifier Th:-cwndbmmw-\nndﬁxtbcmm-.phd‘forlhﬂhnmmb;

At the end of the the stimulating el de sies were marked by clecto-
mgmmmhummpaﬂndﬁmﬂhmﬂmwwhhbuiu:w
mwmmw-mme(xmp)mmwm
Pperturent repaon 20d the seetions were atalnod with tolusdm blue,

Results

I Dorsal roat recends

lnthuccxpu-immummclc:pmdlcmivnyurmordcdlndm-n)m
ﬁlammuvnundnwmdaawrafgxmmaa}my A certadn level of poo-
tancous gamma dicharge is always present in a good preparation. The raw of
finng of a muscle spindle i dependent upon muse tension and the actvty &
thcpmmad?muaanuallmgth:tp{udk.hlhemmdcmmoumw
comiant in the experimens to be described, all changes m spindle freqococy
were consdered to depend upon changes in the gamma, activity

Muscle spundle afic were idenufied by their beh durng 2 muscé
twitch, L ¢. by the pawse 1n the discharge dunng the phase (Marr
HEWS §933) In most cases the ulentification was confirmed by testing with the
proma reflex (Gaavmr Jos and Kaapa 1932)

When it was thus conodered venfied that the activty from s mnghe or a fw
muscle spindles was bemg recorded, the effect of central stimulstion was tested:
With the stimulating elertrodes 1 the region of the red nuckeus the sumubied
mmh:dm.wddmdmm&:p&ndkducham%ummﬂ
Fig 1 In A is shown the characterntic pause dunng the muscular contractos.
B and C are control sweeps showing the discharge a¢ the muscle tension wed
Semall vanatons in spindle frequency were coandered to be due to changes 2
the gamma activiy as the myograph sct at the hughest senmuvity reveaed »
changes in muscle tenuon DandEmcomnulmvmtep-lntbebf!'“m‘d
the perod of central sumulation showlag a rapid decrease wn the spondle dir
charge No change  seen on the myograph The Jow frequency Is scen to b
mantuned danng the whole sumulation period (F and G) H and [ skt
were obtaned diately after of the fation shov that ibe
anginal rate of finng » rapidly regained.

Efftcuoflbclypcdam?xdyumolnavcdonﬂmuklpmdk'w.;
15 different experiments. Murcle spundles in extensan (M gastrocnemits)
Bexon (M semitendinasu) 1 ere equally inftuenced. The seauuve m%”“:
wed never revealed any muscle tension vanations accompaning the charg®
muscle spundle Ir

e should be  ed here (bt beudes the 26 spandle affercats mentioard
above 4 fibwes were recorded from which In spate of having 'Md""‘w‘r;:
of muscle yundle  Merents were not influenced by tbccmuﬂumﬂL“
filra were, however not further Iyzed in the present
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fazana dacharge dec
:"nldmhih:nlhll’l'dnlnf JFP
the yod ockon (actc wimalatiog [59
arufacy a C—F) Thwe 20 mmec.

ng1

2 Veniral rest recards
In order to climuinate the posibility that the effects observed were dependent
upon small alpha-driven =wriations in muscle tennon a sccond senics of nine

In such filaments small tonically acts ¢ spikar eanly iwnfluenced by plaching
the pinna were sdentified as gamma fibres,
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one or a fev gamma fibres,

The effect of 2 puina twrst was wed a3 the third criterion for gamma b
GrawTr et al. (1932) reported that pron cffees are regularly seen actiag o
gomma ranes n suif ly actzve prep

In the experiments with ventral root recorthing it very sooq became apparc
that there was an inhibstory effect on the gamma outflow whea the repoa o
the red nuclan was dectrically lated, All AL cded from acthe
10 & way simalar to that lustrated in Fig 2. In Fig 2 A o shown that i
ﬁhmtn(mnumtdonehrgr;}phnﬁbmandmgxmm&bmuublnﬂd
smalter eplke. The gamima fibre was spontancously acuve at & raic of abost
18--20 impulies per secand (B) Dunng sumuladon (G, D E and F) te &
charge decreased 10 9 impulses per second.

In the duagram of Fig 3 15 shoun a comparson between the inkilziory
effects as recorded om the afferent and efferent sidex. The two curves repeexs!
lhtmnnﬁ'cqucnqwﬂuﬂ&mﬁxrmuxklpmdklﬂﬂ'ﬂlu(mm)d
five gamma efferents (Glled curcles) It 1 evident that the ume coune of 0%
effects in the two cases b primapally the 1ame.

luthcnpmmmuuircc:ingﬁomwnuﬂrmumhﬂm’l“;
“ﬂmadf_lnﬁhmcnu»hnchamwncdmdphﬁb:rhlppw"d"h'
nnammunumdzhuﬁhruumuﬂyaummmmedawmadﬁw
zhcumcﬁimuhungpunuumd:gnwthcnmmmhﬂxmm“h‘g

ment with the findings of Sasaxz, Saumxawa and Hasirauoro (1560}
authors made wtracellular records from alpha motperurondd. T"YW
MImnmmL&rtdnudmnMumump‘:?d”w
potenual and spike dischasge 1a L 1 flxoc
Jubitory postsynaplic poiential n extensor motONELIDICL
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3 Nave records
In two experiments the spontancous efferent actrvity 1n fine strands of e

range (1550 m/sec acoording to hurreen, Howr and Quiiuian 1951) @
wnhibited by the central sumulus.

In Fig 4 A 1 shown the raponse from  nerve filament an clectrical sume-
lation 36 mm higher up on the tiblal nerve, The fnt part of the response 3.3 g
spike with a latency of les than half a millisecond. A sccond smaller spke
follows with a latency of 1.2 muce, which means a conducion veloaty &
30 m/sec. This gamma fibre was spontancowly active as shown i B and G Bf
clectocal sumulation in the regson of the red nucleus it was inhibued 1 0%
same way as previouly descnbed for doaal and ventral root filaments (D—H)

+ Histelogual lacal zatsen of somulenny pownts

In the majonty olnxcmfulcxpamumdmumgummvﬁpu'd
m;;punhzhhxdlhcnbmrdumbedinh;b‘uycﬂ‘cawdmg:mmn‘::
Fig. 5 A and B showa the localizatwon of nuch electrocosgulations 12 b
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L8l Though the disg are samewhat schemaue @ the
mthnth:ypramnhcmmdpmjmdmcmdnminﬁxu;uhl
(A) and frontal (B) plancs, 1 1 apparent that all the kenoas are sitnated in or
very chee 10 the red nuclous. That & fow of the Jalom were actually found
ousside the red nuclens is probably explamed by curreat spreadd to the nucleus
m thexe experinsents.
In soms expenments the whole area i the plane of the clecirode row was
fully lnverigated by moving the el des up aod down in 0% mm siepn
mdtuungthcd&czo{ckarmlmmuhumbcmmdiﬁmtpmddm
trodes, At the end of such oxp an gulath wumzda’nm
mgnhnmwnthmu:dnn posnt when ing in the area
mummmmWMm-&mdmmw
section in which the chectrods tracks were foumd, Fig 6 prosents the result of
such an experiment. The sectioa with the ceatre of the dectrocoagulation 1
thown above {A) Faung traces of sx other tracks are alo seen (srrows} Thess
tracks were fnmd o their whole kngth m nearby sectons. Fig. 6 B iy & diagram
of the same secton with all the seven tracks 10 the row drvwn m thar full
length. The dashed Tne encloses the area from which gamema mabation was
whitakned b (s exporument. The arcs chely corresponds to the ponion of the
red nucieus, the outline of which i draven 1n fall.

obeervaton of & small nurnber of mucls spindle afferent which were unine
Auenced by the central strmwalus does not aiter ths fact, Thoese spodies may
have been damaged oc their efferent gamu supply broken duning the oper
sbon. The posilility that theve msy exht mmcle spoodies which are not
reguizted from the red nucleus cannat, however  be excluded.

Our premnt nowledge about the red nuclen and it connectons with other
cratral srvctures o will far from bang complete. It may thercfore 1eem pre
mature o iy aadmnmccmdmm:nbou{dicrd&:phy&bydxmdnudwx
s the central ) 1 motor There
are, however cmarpaﬁnmuiﬁu:whﬂ:mybcmcdmwﬂn’ml}m
e light wpon the fsnctional ngrificancs of the red nockews.

In spite of the Intimate relationshup between the miespasiie nucken in the
cerebellum, which Ersxxo (1935) found 1o mBwence gamuma sctivity and
the od nuclen (Arrsaaxeo 1961) ¢ does not scem fikedy that the red nucleus
o s lmk m the corebellar gamueos fnhitating wystem studied by Gaasrr and
Raapa (1932) Thee authors obiamed gamma inhibrton by decirical stimo-
lauen of the vermal part of the corebellar cortex. This effect was abo seen tn
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the decerebrate animal and such a preparation 15 hikely to have its red nocdd
destyoyed. The cesebellum may well exert i gamms regulation via bulbo-
retlcular pathwoys. Swmmer, McCurrocu and Macoun (1949) described for

ple & bello — bulbo — lar patinvray for mpproaion of refieme,

It secmns more probable, that the effects on alpha motoncurones exerted by
the red nuclens (Sasaxt et al. 1960} are regulated from the cerebellum. Pow-
PrIAXO (1958) notleed that clectrical stmulation of & paravermuan stnp of the
cerebellar cortex caused an ipulateral active Sexion of fore and hindlegs 10
the precolicularly decerebrated cat. Such a preparation has o red nocki
mtact. A smular but contralateral effect was obtained by localred electnoal
samulation 1n the red nuclews (Powrmawo 1957 as quoted fom Dow and
Mozuzzr 1938) It was further shown by Powrmaro (1958) that the motor
effects exerted from the cerchellar cortex could be abalished citber by de
struction of the nterponte nuckew o by destroymg the contralateral red
nucleus.

At the present stage it therefore scems mast reasonable to apume that the
red nucleus on the one hand 1 a link mn a cerebellar system nfluencing alphs
motoneurgner On the other hand the red nucleus Is abo a component & 2
gamma eontrolling system. In thi reypect the red nuclens i probably under
nfluence from cerebval centers. ELomro ct al. (1833) thus poticed mhiborcy
gamma nfi from the L | internal capsule.

Thmghd\crdmmmbcxwmh;ghzrmcbfdccmmmdthomdnmhl
Ll'enozfu].lym'vuu‘gﬂe‘:l.lln:!’cm:.::u:l10b-:pl'm:v&e:.mmghl.'a!'bcln:ﬂ-\‘l\!'l"II
such refations exut. Degeneration 1n the red nucleus was observed by MerTua
{1947) after deatrucuon of parts of the precentral cortex. Lavsuey (135
)found degenerated fres in the red nuceus alter clectrolyte leslont = e
medial part of the globus pallidus. Jomsscer and CLesre (1939) conddered
ﬂnrmmﬂofdcgammm:dlunﬂabulucdlmaminthzhuﬂw
1o fully prove that dureet connections exest berween the globus palbdus and
the red nucleus. Massion (1961) demonstrated with clectrophysologial
methods focal potentuls evoked In the red nucleus on electrical stimaladon
of the sensory motor cortex,

It therefore scems probable that when Eromo et al (1955) obtaloed 1
hibitory effcets from the nternal capsule, they were sumulating fles puss
from the cortex via the globuy pallidus to the red nucleus. "

It is tempting (0 assume Ghas the two atriklngly duffereat ocll types B0vE 0
uutmlhlnlhcrcdnudmu,min\vhtdlcp:mdyinlh:mofﬂﬂ!d"‘”
nucleus.

The two types of cells are, however no:udl.cp.uueduhhlndtﬂ“‘z
I(doanmm:pmbk.wdmnwmmcmbd\dymuhl;t“
mchmqucuscdmlhtpn:cmmno{cqxnmmu.mdocd\‘dym
one type of cells or the other The problem of different cell typs funct
therefore be sttacked with some other expenmental
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Heat Exchange Through the Muskrat Tail. Evadence for
Vasodilator Nexves to the Skin

By
Fogxi Jonarsen®
Recesved 9 November 1961

Abetract
Jornxaex K. Huat Mwmmbdtalbibuﬁru»«
Mmanwmmmumxmﬁxw—m»m
impmwufpcnphmhmwwummmhmof
;bumdbuhmhubcm:mdmdmﬁnduhnnmxu.mu\mul
bulpd-;cdhi;hm’uhdnnktnh;kdxuﬂumhd.mim-

tadied by plerhy hi 13 of tail and
mpuﬂm\vbmwwm\hcmmdw-po-xh beat
Joad by gencrad body beatag of the tall s

mmwcampmﬂvm.ﬂjwmmumuzmmwﬁw”
lmpdxmmmghemappr«hmd.mmxcwkd nn’hi;
e o b hpnever een derived from 3 surprasnly 1338 S00L
of specier. The arcuc marammal offers 1 many wayr 3 gt sulpect
b;.mb;;hmwhht
\ﬂmmmmaxmmmmbnmmwwnwﬂw
Prencst addrem Tastute v rmuumwummwww
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E‘k,lkn:nlnndnh:mnn-icmp:unnu the trunk recorded shomltanecasly with ntra-
catxncons scmperansTs hmmLNwm:mlvmnﬂmhu
drm(utpunddknmmcrﬁnnddz vasochlaxtion ooruring whorily afier the
e attutased w0
cven in sir temp down o 50—60" C below zero (Scmo-

Larora et al. 1950) From the point of vicw of hrat economy this fact poses
the rather paradoxicsl quotion In an arctic situstion  How an the archc
excercise? Such heat drsdpation ocerm from the outer resparatory tract during
panting, m some specics by sweatmg and by disdparion through the more
sparacly immlated extrometies. In the present study offarts bave been mad to
cvaloate the vascular changes in the tail for the heat cconomy of the musdoat,
Ondathre zibetincs.

Material and Mathods

W (l;”!)'lh.lmnhcdburuzndybtcnmﬁnnd original
wroary from Ity Ercax,
Eaca and Arogerox (1935) and by Eacax (1961) bdn'lh.mlndunl}::n-hn

-
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Fig 2. Chunges in taid bood flowe rectal and ol temperatoces during  vasedeiatation of the tud,

@adl, the corhumon culf was placed at the base of the 1ail and the gavge moed o &

fereat utes aloog the tafl. Unlew otherwane specified (be Bow has been measorsd

lhchmeofth:ano(a\lluaunLhcmhdwchmmlbeuﬂdeb‘

hmmmummrumxwpmw ac

placed Decp recial temperature was obtained wath a thermo-comple
Subcutancows

Resnlte

Fig ! thows rectal and subcutaneous temperaturcs on the trunk as wel &
MITACNUNCODs temperatures prommally and distally in the @il At ambscal
lgnperatres around 20 the wil temperatures fluctuate betwern "0—~35
These Suctuavomy xccur spantancowsly and very rapidly and are secmomglf
related o the role of the tasl as a hear radistor A slight increase in core
paumu[oﬂmndbya\lwdaluamn(ﬂmﬂng)aﬁhtudmdmw
hmlaanoncoolmgoInbcudmme“uuumdnlcdonlhe&s‘"'”"
il temperatures drop preapitoudy down to 1—2  The \Wﬁﬂl;
Wﬂmﬂﬂmbudbmxmdwrm.ndmbcuwzmpaﬂmw‘n&
mknbmrmdmrm&mnzumpubddk:mmacuw
caton of # cold vawddatauon occunng umuﬂlnwwwlﬁ
ubmlbcuﬂnld’xmnheamh:m:mtheuumgcmcdmvlf)m
expooential patiern mdicaung rewarmung only by way of the external
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exchanger
plcthyrmographic mearurcments of tal hlood flow were undertaken. In Fig 2
o thown the coune of the tall blood flow expresed as ml blood per 100 ml of
tmue per mmute. Rectal and tail termperatures are abo depicted in the figure.
At the highest flows the error involved m the measurement increases due to
the extremely raped collection of blood upan occhusion of the coff. This increase
i error s indicated m the figure by the shaded area. In this cxpermment the
capacons augmentanon i il blood flow occurs after the anhmal has been
subjected to & podtive heat laad by putuog a beat pad on 13 tumk. Durmg
the heating penod the tail Blood flow increases by a factor of mare than 400
Thu cnormow maree m the blood flow takes place within a very shart time,
2—3 min. In order to cvaluate how thry tail blood flow relates o the total
cardlac output some measurements were undertaken unng the thermodiluton
method for cardiac outpot (Evoxux 1981) Thee measirements were dooe
on anathrtized snmnals, which makes the comparioa oaly suggestve. The
urdh:otnpnlo(l:ulanfmuh’lhdnmﬁrm}ylhcumcuughl(&d)g)
thowed an svrrage of 223 mifmin. To obtain maximal valucs of cardiac out
puts, adrenaline was infused 1n10 the sup. vena cava. Thi ga e an Increase to
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Fig 4. Fim of figure demonatrases the eourse of rectal snd intracancons y e
mdmﬁ;mh and il m A normal und Sedwoquanly
i s down, 2l perve hocked xnd body beating reapplied, Tad vavoddiooa
T b sern,

the
and conacquent beat foss b prevented and rapid increase In recial

an average of 390 ml mun. Comparmg now the maumal hisod fow w the
uﬂknhhhcmanmmnn}nnobum:dfwm‘dhcompuu,&cuﬂwh
may represent approxmately 10 % of the cardiac outpat, The miracuancoa
uﬂtcmmmradmmgﬂ}cscuﬂnndﬂu.nommcdmihﬁyhl‘ﬂf
d:amucbﬂuon,mchngn!ua&umﬂ.s——lo lower than the decp core
temperagure.

The eff and physiological f of the il fushing x5 2
mﬂmofhmgum»hax.umdmomcdmxnmbao[u)"“
ocdmbntuﬁnmpll@mmdlbchn;dltxuﬂ\\'hm@tﬁmm'
flated (0 obstruct artenal inflow 1o the nil, the anmal soon became svatl
hypathermc afier oaly short persods of exercse or 1 conperuon w th 8
lnﬁcuﬂypmduccdpmmvcbmh.dhuhlhmmgpad.&m:ammﬂﬁﬂ
dkdﬁ'umhulapvplmalmdcrmchmndxdm}‘ig 3 shows chaoge I pube
ﬁlzmdpuhc‘n!mncmlhtmLuutﬂumcu}l:dhﬂlCmpﬂ:ImﬂM
ane of the il Mwhings Note the pulse rate changes ard
anything n drops slightd  The pulse volume in the tal on the other haod =
creas by a factor o 4—5 umes. The increase shows 3 definfie HEpwie
CoUTrsc.

In order 101 estigate the posable mechansms behund the conspscuous blod
flow changes 10 the 13l 2 se1163 of expertments with nerve blockade was uder
mken- | oor 2 Procame Nalocaine or \ovocame, all w thout adreaslot
hmmndmmﬁlmumuuxt.ub;u;&mpkumﬂt“‘wmj
pracnt when alt sensation i, the tail was Jost. Fig 4dcmmlmalh€c“m‘“
e\mudurmswchufrpcnmleangﬁmwothccunclhtﬂﬂ"‘"
tajl mpaatwre b the concomtant blood flow changes o sbown &
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T W weTER

Fag. 5. First partios of ipure dermonstrates the effect of tn) of 2 ml wnling at the baee of the
uﬁ'n mnmtherﬁnad
abo

Deny block
nmﬁ-a-hmninmh:mnﬂhhndﬂo-ﬂa: Pronpt vasoconstriction pad [ncreass in
temperaore whan the taud fa merve blocked.

A

T TORORT

Fug & The figare the
r’w moconstractrve effect of mpecting
g actrenaline 16 2 m) salo as the beso
of the tad.

mrml]\mdhiln'buimb}ea.'rhnwlnuﬂlhnmmmu

by body heating As can be scen the tall Fushing m adecuate in erins 1o
acmhnxnndmwmlymmmindceprcqﬂmmpqmmunm
able. Next the heat foad is removed and the tall m cooded down 1o tempergtis

'-b:ull-ncrv:hbcbdand
'hcbodyhulhumppﬂcd.ﬁudmnlhcuﬂtmm,u“m.ndm
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fiow from the infection a1 a cause of the effect observed. The 12l stays vasodi-
Saredd at the high blood flow and heat 1 comsequently remaoved at a rate pe
Yenuog any increase w recial ¢ Exp 2inFig. 53¢
» nerve block deae at peak blood flow Thi led to a sudden fall in blood fow
¢limunating the dnupation of heat from the tail skin, The sectal temperature
shows a rapd rise and the animal soon gets severely byperthermc. Fig. § &
the effect of mpecung small dosss of adrenalme at the base of the
bl The prompt vasaconstncton diustrates the impostance of pesformmy the
pene block with h frec from adrenal

Discussion

An effective raduter surdfsce for the cscape of beat comsutute aa integrame
part in the heat exchangmg systems m the homeotherm animal, Ty well farred
arcue mammals e effectve radiator surface is 1 most cases grestly reduad
and comututes 1n some cases only umall areas on the spout and foot padt
Scuotaxper et al (1950b) Imvivo and Amoa (1935) Hwom (1955)
Joraxzex (1961 have carlier shown the enormous lasulatve vahs of be for
10 arctic mammals and noted (Irvpio and Kroo 1955) that aw catng probably
ud\ﬂynmwru:mFummrclheymuno&k:duycmmluﬂd
v-ater vapor from the outer surface of arctic mammals Thu fact renders the
ammals puhle of heat 1 during periody of intense musculis
acuvity The present study on the muskrat has demaastrated # vitl role of the
naked tal as a hoat exchanger Under the prevailung expenmental coaditost
lhemuaw]nmp:mmdmdupcnubkfulbtmmknn(awdaw{l}!“ﬂ
wnall surface occupied by the tal one can more casdly appredate the LT
£aumous changes m blood flow 1o the til skin that are necessary i order®
dimmtcadequarc:mnmuafhcaLThmzhcbntporuuuanLthm‘
hendiegs phos the naked tul represent lew than 5 of the total werght of i
ammal and pr bably las than [0 of the area effectve 2y a radiaror surfsce
The il skin represents about 23 i the radmur surfice 2 wlable w €
miukrat

The blood fly changes ( the tad as recorded in the present atudy s 0
be without an  parslle] n ther copors of pmlar nature ‘l'ﬁu.ll.&ell-f"‘:"
show alment 1.t) wxnuwmndunng:pcuddml"‘fb"’b‘d{
wmmeruon butthew fia {00 SOOumagrm:rdwrdylﬂmudJm""::
ademand 1 duwpate heat Lndrrpawdldmanmaluﬂwﬂw'b‘ we
indicate that tleast 10 S the (stal cardisc ourput is directed d
@il Remembering that the tul repraents las than 5 ufl.bcw‘dl“d,‘w
the amumal, the uee hl.chl«dﬂvmduuguufunbnmlaunualtd- ‘B‘
some wterst that H so and Laox (1957) asumed u:axzr.gmm.uz:uﬂhnl
1m the pionkes (or apetherns pperytras smay repsescot asoond 10 D“R,Lp
cardmac output They did 1wt measure cardiac outpul, bur asumed ¥
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similar to that of a dog of cozaparable weight. The monkey they studsed b5 a
typam!\mpéuhpcou.Thcymndudad\hanhnuﬂdrmhdonuanmmui
hwquh&mdthwgb(hqfdz&nuhurcvﬂmﬁxthbfuncﬂm
were disturbedd by ancsthena,

1t scems conceivable that the reductum in effective radutor surface ares, so
comman to most arctic mammaks, create a damnand for & particularly effectve
control of the L to the der of the heat diwp area. In our

Dty of function the exd of and
nerve fibens are commanly recognsed even though the sdea sl lingers that
vasodilation I8 enly effected by relcase of rictor tonus. Vasodil
fibres to skeletal musce have been repeatedly repocted and thelr enstence
confimed (Forxow and Uvaks 1848 Forxow et al. 1949 Fouxow and
Graxaxpr 1952) for can and dogr In man, evidence of sympathetic vaso-
dilator fibres to shcletal muscle have becn presented by Barcxorr and Epuoru
{1945) There spll remuains consdernble doubt ahout the existence of vaso-
dilator nervas to the sian vesseh., From the paint of Hew of heat economy onc
can apprecate great differences among -arlous speda in the importance of
perpheral vascular mechannms invohved in heat Joss and comservation, The
present findings thow relevancs 1o eardier studics oo man only m so far as this
Is kept iIn mund. The cwdence brought foeward m the present stody seemy
conclutrvely to demaomtrate the presence of vasodilator fibrey n the skm of tha
miskrat tail. Tho pombllity of a i di through the focmation
of bradylmun from sweat gland actmity (Fox and Hooros 1956) has been
excluded. The taal skin was completely dry during the entire course of the
experiments and no s cat ghands could be detested hustologically A remuming
pombility was that & stable asodilator mibstance were formed m the skm as a
result of sympathetic activity durmg application of a positive heat Jaed. If the
e block in this case was carnied out prior to the heat load one would expect
apr lon of the yubseq ol If, homever the nerve block was
performed at peak biood flow a prompt decrease Uke that obtained seems upe
lilely One would cxpect & moce gradinal dephetion of the vasodilator subytance
produced prar 1o the nerve block.

In all 1he expenmenss abol of the ] mpulcs was

it

secured by nanve block of the appropoate nerve supply This procedure will
Daturally alo remove all the nerous VasoCOMUNCLON tode 1o the sthan vemels,
I bowever ﬂmuﬂwvumhlodcdupukblmdﬁwhmml&dylhm
-ummoudnhc\mmmucﬁmyhuhcmrmwul.uml}m
Mmmmmuummmmumnmngh
ner ¢ block should be proportional w the actvity of the vasodilator mecliankm.

It bas been clamsed several times that sympathetic vasodilator Sbses are
dhlrﬂnutdmcuuncou:lrmmnnousrpmnm&mx(xgax) reparted
thtuprumcemlhcmddannthtothnbmdmepmmdm
ﬁ\rutonnypannhhenhnmaumddnqshuhemdm)cdw;‘m.wm
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Um:(lNE)wdbyFOmecuL(lgw) In the human subject the extence
u(va:oddnorﬂbrumﬂ:wxhuhxuﬂamztwrnrmnumtny The fint evadencn
furthdrcnst:nccwasubuinodbysznmdmemm(lgal/ Thewr material
comutadufpaumumﬂ'amg{mmhynaudsdm’ﬂmrﬁndmg\mhw
ouuﬁrmcdbynnumberofworkm(hmruuaud&mlﬁ&ﬂ,Guﬂnd
Horrmwo 1938fmduﬁxurm;hn,DouPz,Cummd Macavray 1943}
Thchtt:rauﬂmnﬁxmnhndmofedimmdmmbyrcpmﬂngudﬂquﬁmaf

vosscls when stmul g sympathetic fibres to proxdmal pacts of the
}mmanth.Onlhzolhu-hand.,SAmnmdSm(lQ-m Wamnex et ol
(1942) Amworr and Macrx (1948) and mare recenty Gawxrs, (1955) and
Ronote, Suxpuxen and Wizrax (1957) have presented evidence agunst the

exist of cu dulator nerves in man,
Thoprmt-mdymggnn\hnlnmnvmodlhmrmmywthtdm
veuels may exst as a fized phystological mechanksm, It seems probable

¥ (3
lhatmchtpccuﬂnbnmmybcnrrdcvmmmxpcaﬁcmwmmmulwﬂ'
ditons pecestanng heat doapation from particularly mnall portons of the
akin,
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The Metabolhism of 1-C'Palmitic Acid Labeled
Chylomicrons in Rats
Br

Trosas OLvEcROXA
Received 11 November 191

Abstract
Oncaoxa, T The metabodisn of [|-CH-paloatie acsd Libeled iyl
wcrpes 1x reis. Acta physol. scand. 1962, 55, 170—176. — 1-C%

We have previouthy reported a study of the metabolism of [-Crépabmetx
and imected ay free fanty aesd to raus (Orrvecanwa 1962) This paper de
scrbes 2 umilar stady of the metabolum of 1 O patmtic acd labeled chy k-
mucrons which was doae to enable a comparison of palmive acd metaboliss
when injected m these differng states.

Materials and Methods
163 4C 1-C7 -palmitic anxd Tbe Radiochemical Centre, Amenbam, Eogland) ¥
dndmdm:mnm:rdumtddh;nd,mucdwnhEmldmmdMl:
o raton which a tharanc duct cansulaton had bea

Abdares s tned —
TGFA — toghomde fury sads, NFFA — weutral fas farty acidy, FFA — free 617
acds

PLE\ — phespholped Lunt

1,0
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% of wu! % of tatal
Sty ackde radioactivity
KFFA 07 2y
FFA 28 a2
PLFA 7.7 69

20 b The ciry lomecrons ware sacked ap fnto & fyrmge, ayered under L1 %, sodnm
recentrifuged and, afier being sacked up loto & sTinge egam, diluted o the
dexred valume with 0.9 % sdim chlande, The compotion and radwactivity deribu-
thon of the wahed ciylomicrons 3 shows in T ble L The inerted dome conrained
50,000 cps xod 120 my fat m  vohwoe of 1.0 mL
Dc:mth:vhnmxyu{th-:hyiunhmumbm.tbﬁnq}uﬂnﬂwuﬂnmhnurnnd
outm fewscconds m b y T dardhre the il 1he Igection wes
carmed out with copstant rats for 2 min. The thme of 50 % injection, £ & 1 min afier
the grart of the wjection, was taken as ero time. All other procednres
were dentical with thoee peeviomly deaibed in  mmilar sindy of FFA metabollen
1962

and have given
oo prepantions used It b not been pomdble to “pool™ the rosaltr frown different

Results

The results are proented in cmendally the samo manner ay de
wxibed m & smmilar study of FFA metabolism (Otrvecsona 1962) Total ae
treitics have been plotted, not speafic actinta. In thn

varianon with ame of the concentratons of fatty acds in some fractions oc
caurred. This was most pronounced for plasma TCFA and PLFA, which both
decreased rapudly from Initally high values towards normal values. The lver
TGFA rox 1o a maxirmum st 20 or 40 man, then fell off towards nornal vahue,
Liver PLPA and FFA dud not vary systematically with time, The values were
430 4 70 and 128 + 24 weqf00 g body and

body distribution of activity as percent of dose admmu-
Uver vithes were ealenlated as N

y described
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rremr ¢
PEre AUMITIC ACHS LAMLED CNYLOARC00NS MACTYD.
A TOTAL ACTTWTY

w b

# CONT o deds macTEs
h. 52’ W, -

»

aser
g - - ey

Fig. 1 Total artnutles of plarma liped ractions after Injeetion of 1-CHpalmive sckd labeked
chy lomalcrone [mto oule mie b

(Ouvkcaoxa 1962) Carcaw acuvity was ealculated as previously doeribed
(OuvEemona 1962) but subiracted by the label 1 the plasma not takea oo
calculated using the asumpnon that the plasma valume was 8 mL The &f
cass value thus included adpose tisue but not the plama. The total acti?
u'hcmofcnrun,hvcrnndplumamhﬂhakuhlzdumm
calkulation of the sdipose timue acthaty war done 33 previowsly
{OLrvaceona 1962)

Three different adipose tissues were studsed, Thelr composition o 1ho®
in Table II and thar specific activides 1n Table IIT The compontion "2
smllar to that found in the FFA study (Ouviceoxa 1962) The specilc
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Fig 2 Toial ectvithes of Ever lepid fractions afier Injection of 1-C-patmltic acid Labckad
Caylomacracs (ao male rat

activities of the TGFA, winch was the fraction containmg most of the actmty
m the periresal adipose teue tended to be higher than that of epididymal
or subcutancous adipose twue TGFA. The specific activities of the other frac
tions were more variable and no apparent trend could be secn These rela-
thons are dmilar to those found m a previows study of FFA metabolism (OLve
cnosa 1962) No major differences between the adpose tiwues atodied scem

to cxst a8 regards thefr apaaty for uptake of chylomcron fatty acids.

Teble Il Compocition of deffescnt adsposs tissmrs. Fotiy acuds tn the dfirent fractms a1 %,
of wiol faiy acids. Valms gue ars moet of 7 a5 3 shamdard deciatren of U scnples

Epndidymal TPerlrenal Sabootsneous
FFA Q2% +008 184+ 032 04012
NFF A 542 £ 03 7807 %703
FLFA [GFY.E) 131 + a8

st Lol
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~ O cancass
g aswoss
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g *~ Lhvaa
1
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. '] » £ 2 2 woLmd
Fig. X Timue detninion of label after injecion of 10 palmutic acid Libeed chy okt
0 male rats

Discussdon

The am of thy study was 10 compare the fate of 1.C* -patmine acd bor
jeeted as chylormueron fatty acrd and as free fatty acid The expenment o
uucam:doukundcrllmlhrmmuommlhacmdln;ptn‘bum
Table 11T Specthc atastaes w tare difirent samples of at sdipase tiscme gfier mirarwns
igfction of 1-C- putmstic arid Lobeled chlemacreas. | alnes ary gices as ha pet it
of fatly acid. Deis atmtibired 50,000 cpe, 120 mg wisl fat, per 208 [ bovly xcipht

Lpdadymal Perirenal Subraancous
FF\ NFRA | LRA [ FEA | 3oEA pLra [Fra | NTRA MIY

10 min ar eox 1z 17 o ar o o &
26 mia 183 00 46 s Ay - 3z et ?1
40 min 86 00735 09 12 a8 s 6! &n? pet
80 min 33 a9 el 20 onl o A e bt
160 onim 27 0073 04 04 @iz 03 43 oM o
& bours 19 6li¢  8s 15wy 02 - = O
24 hount 14 o 09 ey e 03 - o
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of free palmitic acd metabollsm (OLrvackona 1962) The dose of chyloms-
mwmm@mm&mt:@mtm\mphw
However we thought that the high dese of chyloanerons might bong out the
differences between chylomicron and free fatty acld mctabolnm mare deardy
as it would prolong the tme of clearing of the chylomucrons and thus enable
us to stndy more closely the theue activity curves.

Buacoox and Gonpox {1938) reported that the osue distribution of chylomi-
cron label way drfferent from that of FFA label. Cleared chylombcron actwvity
in thn Dsong sate was found primarity in the Lver wnd, after carbobydeate
ferding, pomasily in the depots. Fraxex and Monan (1938) reported that
in farted rats the lovet was the pomerpal sdto of ranoval of chylomlcrom. Our
own tesults are m good agreement with thoss of Axacnow and Gorpox and
of Frexcrt and Momnn, Figure 3 shows that the liver rapldly reached its maxi-
mal actinty accountmy fof appraxmmately 40 % of the injected dose After
40 min the hver activity mmdly declined agamn. At all times the major part
of actvify 1 the Inver was proent in esterified form.

Using doubly labeled chylomicrons Borostads and Joanax (1959) showed
that chylomicron glycendes are taken up by the lives withoat previom hydrob
yeds. Additlonal evadenco for thiy can be obmined from conmderation of the
Tano labded TGFA{labeled PLFA in the liver in the prosent exporment. If
the chykmicrons were hydrolyzed phor to thar uptaks by the Iiver this o
would be expected 10 be the same as when FFA were mpected. In previoms
work (OuvEcroxa 1962) we found the rato to be 32 at 5 mn when 1.0t
polmitic acd was infected. In the proent cxperiment the ratio was appron-
matdy 20 1 &t 10 mm. Tha Is not consistent with the hypothern that chylomi-
croa glycerldes are hydrolyzed pror 1o thewr uptake by the liver but rather
ssppocty the slternate hypothens that they are taken up ;0 yiyeedde
The carcam activity rase somewhat more slovrly and reached 11t maximum
later than the liver activity Aho the carcasw activiry £l off at & tlower rate,
When FFA was inpected (Orrvecmasa 1962) both the Ever and the carcays
uuvnjarncbcdlhdxmximﬂnh:u\hhinwmln,mdthaummlmlly
wcmlypﬂngwthzurm-mdlamthcﬂmthminthcm
expaiment. However the declme of activity in the truey fallowed mmilar
muu\hu.cimnd&n\hcprucmapu-&mmh&a?ham,\h:cu}ymyx
dﬂummlxtwmthcmomuhmnhauwumlmﬂrylnhbcﬂm
umue 0 the prosent experiment. With thu it thos seemy that ale
though the mechanfym of upfake of chylomicrons and FFA differ fatty ackls
hnjm:dind\hafq—mmnmcrthcnmpoohmdmu:mﬁc.
mmththﬁcrmc:bct\u:nlhcmbdhmdd!ybmmﬁnynddy
lndﬁccﬁuytndsthmlcanlmbctha\hﬁmlthFAmnpﬂlydumd
ﬂ'ummb:bbodmummdlhcdnmdhurlndxlhnnmmndhtdyin—
corporated mio timue fatty acid esters, the chykamcron fatty acids arn cheared
wcnlmly&umthcdrmhﬁmxand,\hmdn:ulmmﬁmbehydmbwd
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from the glycerides before they can be further metabolized. STeiy and Siartxo
(1959 1960) have shown that hpuds taken up by the Iner cells are mmally
located on the actively metabohsmg parucks ¢ g the mutochondnay and
the mucrosomes. They suggated that thae lipids have a lugher fracsona)
turnover rate than tho bulk of the liver far. \ wmilar compartmentalizaton
of the hpds probably otcurs in most tisucs, When we mject a tracer dose of
labeled FF A the label iy accordingly rapidly taken up by the  actively mctabo-
hnng particls  and is soon oxrduzed o astenfied. The atery arc then farther
metabolized aither by hydrolyus and omdation by muxng into the bulk of
thaue fat or — m the case of the liver — by tramfer o the plasma. Thas
there will be an imual rapid oxdation of the label whuch then kevels of
gradually as the fatty aads are mixed into succenively bigger poolt When
we injeet chylomicrons, on the other hand, the labeled fatty acds wull coter
the actively metabolizing pools more gradually because of the sdower
clearing from the blood and the hydrolysu necestany beforo the chy lomuaoa
fatty aclds are available for further bolsm. Thus the oxd Wil
bdllaﬂypmcccda:ndaucrniclban[url-‘?\,bu(lhcnleo(un:hhonuﬂ
Jevel off later and more gradually Ve findt those relations when we commpar®
the cunves for total recovery in lhcpmtu‘pmmw:\utblbaafmﬂlﬂr
FF A cxpeniment (O1rvecaoxa 1962) The results of Farpmcxsox o o, (1958
lend themselves to a sinular interpretauon,

The atthor wshe 10 Cxpress hu appreciation o Vs Iarax Lovpest for her shilliul wchoes!
amistance and t Professor Buaoy Boammeiw and De  Azaw Horuwanx for belp in the prepane

This work has been mipported by graats from the Saciih Medical Resesrch Councd asd i
nlted Stase Publec Health Scnace (14-3302)

References

Bonceratne, B. and P Joanax Mctabolirm of chy lomacron gy cende s susded by Cghamt
Ctpalmutle acd labeled chybomicrons. ke Sac \ed, walims. 1953, 64 163—133
Dascoow, | H asd R. 8 Goxpow, Theue dutnbubon of C alter the mira owols i
of labeled oy loulcrons and uacsterified fatry ackls m the rat J e ba. 1938 9
78

Tagowscxson, T. 8. D L McCoursan, R ] Ha o and k. Do, The rasly s o=
port and bollem of tngh ceride snd chokosterol, Cheammtry of Lipida o 1
Lated to aibcraschradis, Charles C Thawes Fbl, Springfield. 1538 203218

Faxmot, | Lmn:mmmmmm;{a@ﬁdﬂw’w
fat knjeosed intra esously in rauw. 7 Myl (Lood.) 1958, 140 P
Otnccacma, T The metabotisn of 1-{. Palmbtc aced 1n rat. e Myisn scond 1962

At
Sterv, Y and B Siarmo, Asmimalation and discailaon of fatty sods by te ratIne
7 Posia. 1953 196, 17581241
Sra, Y mn&muwummdmmwmmbﬂlw
Res, 1960. ] 326—331



Acts physiol scand. 1962. 35, 177—188

From the Department of Flysok hungl. kol
Swockhotm 31 Sweden

Effects of Chronic Central Cooling on Alimentation
and Thermoregulation

By
B, Asworzmox C. C. Garx*and ] W Smoerzx
Recched 23 November 1961

Abstract

Axoremoy, B, C. C. Gawx and J W Scoostoe Effects of chrwac
ortral cosling e alisbction end thermecs pulatim. Acta phrygol. scand.
1962. 5% 177—188. — Chronk Jocal cooling m the forehrawn of +un-

deteorors withan the eooled part of the brain.

Exp I the prod of acuts thermal changa in the fore-
brain ha ¢ been reported recently which prowide support for the thermostate
theory of the regulation of food mtake (Brosxcx 1948) and which, further

Poudoctorl Rescarch Fellow Drvmmom of “ourological Descases
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snbucied 38 bocal oilimg of He fore bramt

- roaraland doral 1 A thaa = K
Gaar €1 The thermade o stuased medaly
: 10 the prascrior pre-optic and sl hypubal

2M0¢ reghon.

hox mam Gour D The thermode i bocated mocally
1w e rural aauumedial b pothalio

P by popbyia
- Ludy

[ - maus intermodia
3 the third entncle

indleate the paruaipanon of a thamastasle mechanum in the regulabon of
water [ntake ( ANDERMON and Lamssox 1961) In order (o 1nvesugate the tho
mastauc control of alimentation more thoroughly 1t was thought important (2
study alimentary behaviour in goas sulyecied 1o more proloaged central chrmsl
change. [t aboyeemed of interest o study whethier different Jocatons of the the
modes within the pre~optic area and the roural hypothalamus would influre
the nature of the aimentary raponse 1o central cooling
“ Thermoregulatony cﬂmdnm(ccmhngdlhcpmpdcucaudmtm‘l
ypothalamus have recently been studied 1n unanesthetred goats (ADEXES
Axprrusayand Gace 1962) In the catm animal, accustomed w the
conditrons, cooling if these patts of the frebrain produced duvenng exclmn &y
at cavironmental tanperatures below 18 C or dunng local simulavod of
penpheral cold recepton. Sunce 10 these acute cxperiments general BypT
thermua was seen © develop in the absenee of shivenog i was of bawerat ©
study whether such pon-shnenng hyperthermua would perdst dunug jeoser
perods of eentral cooling

Methods
Four borned goats were used m the present stody The apunaly bad sbver thrmodes
isplantcd medialh (1 in the pre-opuc area (Goats A and B) (2) in the postend® PO
arez and the rostral npothalamus (Goat C) and (3) In che rostral emtroocd
mﬂ-h\e.lk*:;

dﬁmm@«dmwwum(uumh“‘ﬁ“w
cators for temp L w th the A Wz‘idlk
hwﬂw;b:w{ncedthelbumoduﬂxmwmd&cww
dewdmwmwnmnmm




(Asouxmon and Laxwox 1961) Since, howevar the perods of central coolmg in the
were prodorged up 10 & week, the techmque of coofing had

of the water nmaing o the thormode cannnls was kept at 46° C.
Care of the mcmals
The technique of implantation of the tharmodes made 1t possible to e the goats for

these experements for over  period of  year All 4 antmals used in the present study
are thum alh s m good condiion. They ware rowtmely Lept collared In
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ca[ﬂ.and.uluudlhmr.wmuo(funharmnlnrdduﬁutbepﬂ'bdld'mﬂ
cooling \1 1 were perfe d in ar en i 1 temg rangng foa
181021 C. The goats were fod daudy 250 g of graun with 4 g of \ACY added and bad
free aceew 10 hay and water Daddy records were kept of the amounts of bay and 520
omumed and of the amount and 1petafic gra ity of the unne cxercted, Tw of the g
wer lactaung ((oats Band D) and were nulked at regular uma twice daiy The ol
p'uim“urmdrddady

'c»-n.z-uu;

Resnlts

I Rdtluajmam:ummﬂxrqm

Before the senes of expermments invohving chrone ceatral cooling were starteds
Goat A was subjected to acute central warming by perfison of 1 arm w3tf
through 1ts thermode Ths local warming of the pre-optc region was obeened
to came marked polydipua on seven different occamons lo additsn 1 poit-
pacic pantng and peripheral vasodilatation, local warmmg was thus K01 ©
mnduce dnnlang ofter a lateney of one to 3 mun. If the goat was allowzd to dmk
large quantties of cold water during the fint period of central warmlog &
ﬁﬂcdmdnnkng:muhcnccnuﬂumgmupcrfmmcdaqumﬂ'd"w
later Further a preceding lar Infection of amphetamios (P
proman, ACO 1.5 mg kg body weight) completely inhitnted the poly&EF%
effect of central warming
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B'I;ill?hﬂzhlhumodnhuphnmdm:h:pm-opucmgwu(GMAmd
L. tontmuous cooking with tap water for penods ranging from I to 7
days produced an 2 1 P

e of water co p while caunung
or 10 reduction m the amount of hay eaten nor in the evident refish with
uhkh‘h‘mmggrdnnﬂmwmnumtd. cooling m every goat

¥ram ration (which was uswally comumed within 15 to 20 min) On the other
band, when they were subjected to central cooling, water wntake was wially
for perods ranglng from seven to fifty bours. This inhilxtion of the
Bge to dnnk was most propounced in Goat B brain chulling by tap water per
ﬁlﬂmcndmzw inos produced & plete inhib of drunk
Lasteng from 36 to 50 bours, When ths goat did break through this inhubiton
of thirar, 1t drask refatively small amounts of water failing to make up ity water
defiar (Fig, 3) This anmal ate with good appetite during the cooling periods,
on one ocradon o consumption of hay declined on the second day
In Goat A drmking was pot 3o severely mhibited as in Goat B, and it began
to drink small amounts of water after 7 hours of central coofing by tap water
It was found pomible, however 1o prolang the period of total adipna 1 this
anmal to over 30 hours by inducmg & more profound degree of hypothermia
i 13 pre-opac reron (Fig 4) This was accomplished by perfiing it thermode
12623015, Acta physiol. scand Vol 55
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Fig. 5 Froduction of core o e} -
o ° dmlug by extval coeds £ In Goat C recod
Morms trmparalure rose to 405° C. w thua e hoarel
.y w and perusted at dkia bogh
ool Lthroughout entral cooling Lpos

- - ing the ruat of the cuoling porwd.
o o4 s

with 1ced water instead of with tap water a procedure which apparently reduced
the temperature 1n the cooked area an additionaj 1 € When this animal re
sumed drinkang dunpg this deeper central cooling, it drank relatively saul
mounts of water fuling to restore the water deficat it had ocrurred. Upoe
pung the central cooling a large incrense 1n water consumption was obsenved
the finst post-cooling day

B) Thrmede lscated af the pre-cptic axd restrel kypotkelamuc border
In Goat C the thermode was located ventrocaudally to those 1 Geats A asd
B 1t was found to ctend from the posterior part of the pre-opu region into tbe
rosiral porton of the hypothalamus (Fig | Goat ) Central cooling @ ths
location eliated dual cffects on almentaton umngbothnnmhl'b"md-
dnnkiog and a stimulavon of cating During a three day period of tap waef
cooling water intake was totally blocked for 30 hours, and a coadinoa of i
uve adipsia prevaled dunng the remamder of the coollng period (Fis %)
Although food intake was not markedly altered during this experiment, %563
deeper cooling was later achieved (by wed water perfusion) an increasrd o
sumpuon of hay was obscrved. s
During the periods of absalute and relatve inhibition of dnoking in l
gmudm}mdabavqlhcphmadccun}ylcmmlmamitbﬂw
rmcnh;rplynndmﬂydxdmxdmﬂn:wnmmdkvthduﬂngd‘m&ad
despite the fact that all animah began to dnnk during the latier part
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eoaling perod. Upon crmation of central eocling these goats wually drank 1n-
creased amounts of water which apparently was sufficient to restore ther water

defiats, as indicated by the return of plama electrolytes to normal concentra
vams (Fig 3 4 and 5)

C) Thermeds lacased o the restral rextromedial by pethaluomons

In one goat beanng a thermode m the rostral dial hyp

(Fig | GoarD) chrome brawn chilling evoked different alimentary effcets than
i the 3 anmals deseribed above. Central cooling on three scparate occasions
n Goat D caused ¢ to eat increased amounts of hay while failing to mhibat us
uu:rlnnh_Fm—cnmp!c,dmm‘m:pahio(npuuawohnghmng7
days, hay connumpdien rec 40 above control levehs. Durdng the post-tooling
penods, hay consumption was rednced below the pre-cooling cantrol levels
Central coolmg (wkhich In thyy goat munt ha e involved the median emmenec)
did pot inhibat the release of anndiuretic harmone, suce durmg coolmg the
unne outpat remauned kow while the specific gravity of the urlne rose consder
ably On termination of cooling the diuresis of -ery large ammmns of unne of
tow  pecific gravity was observed o two of the throe occanons (Fig 6) Placna
electrolyte concentranons were hittde altored m tho goat dunng cooling

TIL Prryustent ky prthermie prodaced by contrad conlong

In 2cw of the raults of a recent study of the thermoregulatory effects of acute
coohng

in the pre-optic asea and rostral hypothalamus of the goat (ANDEIasEx
A« 1962} i h not prpoung to fnd in the present expenments that chrone
central cooling never caused shrvenng but i every case cvoled pesipheral
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wocomstnction. 1t had been found in the carher study that central cooling B
gubm goats, accustomed 10 the experimental procedure induced shuvenng odl
in cavironmental temperatures below 18 C. while peripheral vasocpastactol
had d 2! ! temp as high a1 36 C. In the pross!
uud:a,\humzlumpamu:cofﬂummh:mn:dmmvﬂ?m‘ﬁ“‘h
mtdcmudmahngandgm:ﬂym:h:dn\awyﬂnde‘w
two 10 three hours, A further rue usually occurred six to 12 hours later i3
was most ondent in Goat D Therccnl\mpu—umu\lmmmnoirdw‘w
constant at a high level (#0.5 1o 415 C.) durng the eatlre penod of ceaial
cmhng.cwn\hmprohngcdﬁnmhmgu7day;.0nc&lmdmn:
cooling the rectal temperatures {ell rapidly 10 sssocaboa with the oot
marked peripheral vasodilaapon and potypnca. The recual temperatr®
however did not b diately requrn to p ':.kﬂh,b“‘-“u"’mm
dcvucdfnrlluﬂdnyx’rh:hngud\cpuwddcmmlcmﬂn&‘h‘mc;
wuuwd:muonordmpw—oodmgdmuonorth:mahw‘mm’
i peripheral vasoconsinction de-ww"’f"
Although 1 us
; § uaso ofrectal tepersiar®

temperature) was always present during the mung p
2t was dem when rectal temp e had reached the platesu bndh
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Thy Tl
Then the penpheral wchon was meerrupted by
pmudld'zphﬂﬂmdﬂlnﬂm.lph:mwhmhmya:phmdnnvtd
small ions in the rectal temp. ire of the animals duning central cooling

IV Other ficis of chrwmc costral conling
Dm-lngth:pcnnd;o{acnn-:lccdingchac“ulmnd:nmrkambbod
glummkmh.lnmnmhwﬂhtb::hn—madcphcndh!h:pm—opucmghn,
c:nmla:dmgumcdnwmm%minbbodmguk\d,uhummoﬁng
dhcrunnlrmm:dnlhypuhalmmumdthcbloodmguw%([mm@
mg % to 80 mg ))ﬂ[kpmdnd:muuohcntdmrminulhnutdm
sxme Jevel m Goat B (thermode m the pre-ophic regeon) and to morease about
20 4 1 Goat D (thermode m the rostral ventromedial hypothalamns) during
cmtral cooling Mo cousstent change 1 the patiern of unnary dectrofytes
could be related to cooling n any of the annmals.

Discassion

Vhen trying to mterpret the results of what may be thought physiological
sumoli® epphed o varous pasts of the bran, one 15 always faced with the
quation Ly the effect due to an actrvanon salely of neurens specifically senvtive
to tha particular strmulus, or has the strnulus actrvated non-specifically all s
rounding nervoos taae? In the case of lnduced Jocal hypethermaa the problem
becomes ven more complicated, for here at least four possibilitees must be taken.
nto conuderation 1 The effects may be due tn a specific fohitluton of central
“warm reoeptons” normally acting as a brake on vanoms cold defense mechs-
nims. 2. They may be due to a spedific slmulanon of eentral - cold recepon”
of more sccurately  central bypothormia detecton™ 3. They may be due

arca. 4 Tioally a foarth posibiity most be taken 1nto contderabon a certain
degree of ypothermia may ahter the phy sical and chemical conditiony of norvows
tuc and thereby act a3 & noa-speaic stimulis.
Obviwly the first pomibility mentioned above must be af least part of the
L Sou of the eficety obained by chrone cooling of the pre-optic area and
rostral hypothalamos. The amtence of central  warm rrecptors™ withm thes
rtpmddmhunhubcmchﬂydmnnncd()hmnule)
Logically a local cooling of thus regaon of the brain must mhibit the normal
acthaty of such neurcos, and In this maaner coatribate to the development of
general hyperth The th gulatory cffects of acute cooling of the
pre-opoc area fn the goat (Aroamsex ctal 1962) could entirely be expluned
a3 dur to such an mhibuion of ccntral  warm receptons™ There was thn no
need to postulate the cxistence of specal  cold recepton” (~hypothermsa
detecton ) wathin the cooled area of the bran. The same applia to the present
sudy Before docusang the ahmentary cffecis an the basis of an lnhibxtion of

o
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conttral  wanm reocpl A however onc musl comider the tlurd posdbiry
menuoned above L ¢ that the central hypothermia mught have snhilused ot
neuroaal activity 1m the cooled egon nonupeafically Even of such were the
case, the prawent audy cleasly demamstrates that the control of fecdimg aod
drinking 15 exevted by anatomucally separate central tnechagses. Thus, axding
the roatral ventramedial h)?oﬁnhmmmumdminamwd&x;dmukzhnm
sunuliancous inCrEAse 10 water intake, while cooling the pre-optic regon aancd
temparan adipa without ngmficantly altenng the food wtake of the got-
Thuy observed inerease 1 food intake could be therefore, the resait of a oo
speafic inhitauon of a ventromedsal saucty center (Brosscs, Treruity
and Long 1213 Comenscly the temporan adspsa could be caused by a v
speaific intubuion of ashghtly more domally located dnaking cenier” (ANoes-
sox and McCanxy 1953

Lu::lhypo«htrmnhumxbcmd«pamghwm}ﬂmnw

nenranal actwit an the couted regon, Thus, for cxample, the median e
of Geat I (Fig ! D)mmtm\t\xmcwkdmxhcumtofc\vngrwu'wﬂ“
a3 the venuromedial nuckeus. Sull mngndad_‘mmnhtdwﬂﬂml{““'
Wureuse hormoae was olnerved, ndicating that there was 5o cold blockade &
1he hypmhahmmh\wp! vual connecuons 3t any ume durng the
peniod of central coaling Further evidence i support of this \WW‘“M
1 the olscrvaten xhnnmhnquhuumcgmmalamcduwbmm
yreld. For JMI";MHMJW&MWU}WWW
nﬁlkpmdunwnuwld\xdp«(cdmdnhncm;dnnwdxﬁdmﬂﬂo‘dﬁ‘
Wupoclx antenor pstwstary hosmones isoch as ACTH and TSH) whoe
7 rcuon 13 largeh contralled tn thes region of the hypethalasmus-

therelore, indicates that central thermoreceplon iy WTE 21D umpostant BX
m\hcinxc-grnmof;hmcnumnandxhcrmurgvhmn Thus, the wdoc®
of local bram cocling was found © avoke vegetatve changes whoch wbe
txought nto play would tend to correct a eondinson of gencral bY
the producton of core h pesthermma 2 mamtaned of e

and &n inlubiton of water smtabe (thos faner acnea would prevent
kowenng of body temperature wecondary to flod pgesoR) Covendly #©
vious studics have shown that acute central warnung ndures \Tsﬁ‘“"d’”f:
tendmg to correst & conditod o geperal hyperthermid ‘WM
pohpnccpmungmdamdummmzmwdwamukmdlf‘d““d
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mmmmg&mwmm-gmm
the resuiant perfovan of waem (40.5 o 413 Q) blood through the braln
wervnd 1o Fabs the tempersturs in the “yancty center” and so to rodace the
;Wmmm‘m&immwmmd warm
receplon Dot anky m the pet-optie segion but ako in the rostrad ventromedid
hypothal Cooting perkareed directly in the “saticty center would, of
conrse, profect it from the warming effeets of the core hyperthermna, Spatial
Wmmmmwmmwwwmmm
rostral dial hypothad could extend sufficenly far iterslly @
infuence the lateral hypothalame “feeding center” (Awnaasiox and Lansox
1961)

The aree of the fwebrain which upon coohag miubied donidng mest
completety was locabired to the pre-optic reglon, but m po czse conld total
achipsia bee prolonged beyand 50 hours. That somutanon of the central aaere
ceptons by & rme m plasma electraly app ty served to breuk
through this thermal blockade and to wduce dankdng sugyests the exstence of
paralled mechansams, ogmotic and thermostatic, regulstsg water intake.

The fact that local thermal change m the pre-optc sres affectesd the ssxter
insake of the snimals to thu great extent {local wanmning stimulating and local
cooling inlnhiong) » sarpysmg m the view of earher rosilts of dectnesl stime

ulin in the wme mpeaos. A cotain ovarlapmag between the pre-optc
hear-loss centes™ and the b

recently olsesved, however that extenuve bifateral lojoos o the pee-optic
region 1n the gowt may case permancnt adipeia whthout hlocking appetite in
#pue of the fact that the mam part of the hypothalamer which o electrical
sumulavon nocally causer donking was untonched by the leson (Awnzanon
and Laxmox 1962) The pobydspme effect of Jocal warming of he pre-optic
asea differed from that of clectrical sttmulation o two respecty, It wan found
t be inhilnted by the peevious drinkmg of cold water and aiso by the Injection
deWmmmﬂmddmkbnghﬂwhm
of p ged elecincal 1 12 the bypothal demking center’ way
inhilnted by thrse same facios, bat the immediate pobydipec effect of !
wa not go mutdboaed (A Larpson and Presox 1960)
1t by difficult to interpeet the importance of Wiose obearvatms befire further
wnkemation is obtained about the Rsction of the pre-opic arex w the regulanon
of waser intake. Presently bowever the sanumpion appeass yaufied that ther
mal and peshape oiher facton infsence the activities of the kb

tunie comter™ by way of tha pre-optsc area. 1t Is firrther posnbls that the actrvi
tes of the hypothalazae Vst center  must be propagated through the pee
opt area, n order to reach comconmen.
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In all goats 1n 1he present expenments central couling qurckly Induced o
high, wntasned core hypenhermia which perusted throughout the entre penod
of cooling  Mier cesation of cooling there fmtially occurred 2 raped Qlf
rectal temperature 0 0.5 to | C above noamal levels, The further decline,
however was slow and estatic. Rectal temperature thus did not reach pee
coohng levels untt one to three days afler stoppung perfison (Fig 5 and 7).
Since shivening wat not present during any stage of the cxpenments, the byper
thermla must have been due to the acuvation of other cold defense mechansoat
Periphern) vasoconstrictian was always present dunny the rung phase of cxe
hyperthermua, but later on was fess conslastent. 1t seems unlikely that peripheral
vasocamtriction per se could have been sufficent (@ mantain the hugh body
temperatuse for periods up 1o 7 dayy i an enviroamental temperature umlly
near 19 C. Altbough no of oxygen p were made,
st seerm pustufied to assume that an increse in mriabolsm of nonshuvenag ol
had occurred during the penods of chronie central cooling in these aaiak.
Evadence that an ycreased ntetabolism of non-suvenng origu may be acherrd
duning centra} cooling by way of the hypothalamico-hypophymakthyrod sxe
has reeently been obtuned in collawerxd stidses in tho laboratory Thua, u s34
determined that kocal cooling of the pre-opiie area i the goat raprdly keads ®
2 marked Inerease 19 the proten bound fodine in the blood (Axoeusox o ab
1962) \Metabolic adjustments of thss kind may explaun the Jong delsy before
body temperature (s (0 normal levels after penods of o contral cooldg
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Effect of Ethanol on Oxygen Uptake and on Blood Glacose
Concentration in Anesthetized Rabbits
By

E. S. Prmuax
Reecived 27 Novomber 1961

The infhance of ethanal on the axygen uptake has bern studied by several
workery, It has generally been concluded that in man ethanol has ltde or
no cffect on the axygen uptake either in &mall or m large doss (Hiooma
1917 Gmotruaw 1930 and others) In animuals swome myvestigatons have poted
mereased axygen uptake afier ethanol dowes ranging fram 0.6 g/kg to 5 g/kg
(Wens and Rum 1923 Luwosassro 1931 Hxow o o 1952, and othen)
wheresa other workers ba ¢ found o eflect. For review of the cardier lterature
on this subject, seo Mirereus. and Cizow (1940) — An mcreare In axygen
uptake afier pmall cthanol doses (< 0.3 g/kg) in ammals has apparently not
been previownly reported.

189
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Earher work has astablshal that cthanol increases blood glucoe wnder
certan condsuom. In most nudies Lirly large ethanol doses (> 3 g kg) hnne
been used, and it has been strased that adenquate stores of liver glyagen
are required to obtan thus effect (Taxvent 1)1 and othen) Matruss
(1912) shov ed that thu 1ype of ethanol hyperglycemia was reduced by secton
of the splinchiie nerves and 1t has subsequently been confirmed that the nie
in blood glucwse afier large cthanol dises is due 10 an wncreased adrenal
medullary sccretion (Rivosax and Haao 1008 Rirvasax Haas and Bt
1008 huxosan Baxe and Haro 1959 Prmuan 1561 b) Ruvouax and bo
co-workers have alw shown that cthanol intoxscation s auccated with -
creased actnity n the sympathetic nervous system In general (heoeeuax and
GoonaLt 1Ju7 Rimouan of el 1J08) There ls evidence that moderate etha-
nol dnes (1 gkg) alw increase the adrenal medullary secretion I maa
(Praucan 1158, 161 ¢, Amatsy Hexmesr and Braey 1938) and in cats (Poows
1960) — An increase 1n blood glucose after small ethanol duses (< 05 g1y
has apparonily not been proviowly reported.

In vicw of the well known effects of adrenaline on oxygen uptake and Lkod
glucose attcnuon was directed towards evaluaung the role of the adremal
medullary hormones 1n the metabolic actions of ethanol.

Mctbods

Albano rabbits w ghing 2—3 kg were wed They were a3 rule ancatbetisd
with urcthane | § g kg A fow animals wer aoesthetized w b o
og/kg 1. | some coxpenments the anumab recened 3 g gluome (10 md 30 por oot
gucme + 10 ml saline ) At the rame time a3 the anathete Tho wi dox #
surc adequate L or glyrogen storrs

The trachea wo cannulated and ocapecied s membrane aho, € a0 oTp P
filed, closed-rruat y tem for axygen upteks determunation according to steobnd
technique (e 1mect (915 Mrawrements of the tracheal peosure  anatons Srf
xheapumnmdkaltdihu\hrrmnzmmdzmm‘umsﬁvufg
spirometer bad & capaaity of 2 biters, and  device which  tosmasscally refilled

mlfkgmun at 0 G, 760 mm Hg (dry) As the chosed-clrowt system
watcr absorptson, ¢ was saturated w th water vapor during experimentt
heaung provenied w ter condeniation 1o the expatory al WWT:
ture was cheeked at regubar mtovals [t ancd Lide dunog experimes ol
wually 26—28 mewuummﬂyrwrddwmnu”
thermomcter (ELECTROLAB TE 5 accuracy + 01 € with ppﬂaiﬂ'cm
Tbclmdy(mlamt)l:mpcruunufmcmmhwumummndum‘—@
experiments.

The fomoral mmamuhld!«ﬂudwd:m.dmhhnm-ndlk@”m‘:
femmoral artery for blood pressure recording. \ﬂ-mmah‘mvmwlm e
per et oo were camrd
were obtamed from a canpuluied artery and determb
:Tprdmummemhodduum (1959) whih I specific e 8”
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Tobla of o Intrsccrems pfuiiem of 0.2 3 kg chamel  wxen wpoke and rctad
mﬂ“s-«;_mrn.:m-&.s«mmw
idn:n.m':f‘dmal'——-lhnw

Tap | Vo | malad Rextal | Ethumol iofioca | Efect om oxygen | Coae
uptakr | bekre
mljlgimin} echamot | Infimbon | Eihsock | Tarpwe | Approx. | fn rectal
< e conc. | sree | dormion
ok, /st (doriag } of m- ‘c
18 in | croam
period) | o
T O
1 7 (%3 1% T am 34 @ +a4
2 12 95 ns 1 508 ) @ | —o
3 w 77 |y 3 L) 1”7 L4 —e3
N s 78 oo . ou It [T AR 1Y
s 18 s 3y 3 . 1 1 43
L] R L2 3 e 6 alg 1 0 —~82
en k2] i
Askacd coolsd Marki exprEaear.
saccharkder. Bhood ethasol was deterzmocd in duplicats sonpies wih the Ve maanx
(99} ethod.
mnm“mmwmmuammm.&w ont by volume)
and safinc (0.9 per cont) The haghest erhianol contrmtration waed fn oy of the preseat
cxpermments wis 818 g ml Prre whine or detilled water wax usesd in coutrol mofions,
Sohunsons of dmohved in salion were admintered in a8 xiromlar fashioe, The
mews exe mude whi & motor-desvan. BpPUrAlE et BE & CO6-
Aast rxe of 1.0 ;i mvin. AR sohaions were sdmunister,

adreouls were Mpsted vla 8 aidine meson. In other expen-
“:ﬂm‘bcxphacbu.mum scczioned bulaseraly as clove to W wdrenal glands

Rexnlts
! Oppen pale and bady tompersin
a; Bahanal infuson
in 6 urahaaeanethatized bt & zoall ethaool dose (0.2 g kg was
wfised xnd ity effects 00 oxygen uptake sad body temperature are shown 1o
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14ghy 3 g puacgnant
u;ﬁ"b umn;,m"
Lz )
From bove dow acds Recwsd o
° peature In C. Ghamge fa o9y
upukhpﬂmtcfmﬂ\nrlﬂ
- scale in bowrs.
1 HOURS  { Coourol habescn of ufine L
2. Libandl fnfason 02 £.48 L
o ' :
01 _ BLOOD ETHANDL
PER CENT
aosl
a\
\\\u
* g Fie 2 ood cibarch curues from 3 rabbus amcabetd
w th 14 gy 0.7 g/kg etbano uhﬁ-ﬂ’d
° e eate, dtsiteg 39 vam and brpxizg of 0t
— HOURS  coxnciden w & end of infomon.

Table 1 The avessge tncreme in oxygen uptake \ml?pd‘o:ﬂtﬁi‘h“:
apuimmmmm‘gmupuhk\'dpnmmmh;nolmdmh}!m‘dx
very sable. The low uptake value in c3p 1o, 6 iy probably related
mmpanmdyh&ghbodyuugblofzhumn:ml»—m
immwymudhmlmmnupaimu!nﬁm’%
dndﬂcdwmorg'}um(olxndﬂﬁgﬂg)bxdmuppttﬂ!m e
cqgmupnkcaroumiﬂ&cmpcmlmﬂg } s a diagram of o0°
ethanol cxpenments {no 4)
moxygmupuhcmtdmﬂdnﬂymaﬂnpamuﬁ“‘mmp

uptake

w.bout(\,lg[kshadbemmfuxdmdthuump&dly
Jevel, The oxygen uptake remsined elevated for obout
Mmmu.:\ﬂﬂ!hisumchuumud}ywkn(lu



OXYGAX UPTAKK AYTER XTHANOL IN RABJITI 193

X0 _HS PER CEMI

T

St i i B
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Taton x sy per cent, Revtal temaperaturs fo

‘Q‘l:: cxTyCa hpcrcl::;lo( .
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} Etkmal lofmoa 0.1 gy Ly

Ethanol infimions of 0.01 gfkg and 0 08 g/kg failed to Increase axygen up-
take. In other expernnents the effects of Larger ethanol doses (02— 5.0 g/kg)
“ﬂ’ﬂlmdkd.ltwufmmdthlx,unmk,thtwmnxyxmupuh
uuuibyo.z—-ﬂAgfhgcﬂnnolwunotﬁarﬂxrmgmmmdbylddidoml
amounty of ethanol, When larger cthanol doscs werc mfised there was, during
"‘”hﬁﬂ'mnaftbeinfmkm.admunhmymupukg,mmtwhh
'&m»ncﬁwumdrmllmnmdruphnmmmeWhm
uptake produced by cthacol had subnded a second ethanol Infimon had a
smilar effect, winally bowever of amaller magnitude (Fig 3)

The blood cthanol concentranon vas followed in 3 exparhnents after the
infmon of 0.2 g/kg cthanal 1v The curves are shown in Fig 2 Within
the firt § pun aficr the end of the infunon blood cthanol concentrations
of 0.022—0 086 per cent were ined. The wubser, fall
bon was apd and after onc hou the mean alue was 0.01 per cent. It should
be noted that in the experunant where the peak blood cthanol concentrabon
was only 0022 per cent the axygen uptake jucreased 12 per cent (Fig 3)

In all the experiments described above the cthanol effect on axygen uptake
was obtamed in male rbbits which had been pretreated with glucose, Subse-
quent experiments on fmale rabbits, not pretreated with glucose, ga v smilar
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rault. Small additonal doses of urcthane gven during the expenments o
maintain adequate anathea did not affect oxygen uptake. Onygen
inereased afler ethanol ako when pentobarbital was wed as b

It was noted in some experuments that there was no, ar cnly a maall {<3
T ccat) ncrease 1n oxygen uptake following the mnfusen of 0.2 gfkgclh-lﬂ“'-

a few of these expenments the animals responded with the wwal increax
when a higher dose (0.4 g/kg) was given In other expermments the Jack of
effect was probably related 1o the fact that the aumals v ere in hyperthamt
or 10 hypothenmu with a corraspondingly affected nutial axygen vpuke. I8
a few experiments, however the reason for the lack of effect was undear
b) Ethapo! injection expermments

When ethanol was wjected within 10 sec instead of bang admmatered #
an infusion the threshold dose was kower The kgection of 0 08 ghg ethaodd
caused a short lasung (10—15 mun) increase in oxygen uptabe of about 10 per
cent and 016 g/kg caused a simular increase of longer duration. Control s
tions of mline were without effect

2. Respration ead blsod precours 4

The rate and depth of the rapiraton were m‘ﬁmujbytbziﬂfmob'
ngj'kgmhamluwdxaluﬁbylhcuxygmupuhnuwandlﬁwb
;crwuon.lnnommmtmlhcnhzwl[nﬁmlblbn:dbym
medute, clearcut intrease in respiratron.
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3. Efect of an fatres coom infuslon of

The biood prasure which war eontmuownly recarded in all expermments,
was not affected by 0.2 g/kg ethanol, whereas 0.4 gkg sometmes cawsed a
moderate (10—20 mm Hg) ahort-lasting me.

No evidence was obtained that cthanol mn the doserange 0.1—0.3 gikg,
when Injected or mfined, had othar than minoe and short lasting effects on
resplraton or blood presure.

3. Bloed glucese comceniration

In urcthane-ancuthenzed rabhus blood glocose increased after mfinlon of
02 g/kg cthanol. Blood glucose cunves from 3 rabbits given this dose are
shown in Fg 4 The Iunal level a eraged 180 mg per cent. The rise after
cthanol was gradual and, as & rule, the peak blood glocose alue was attamed
within ooe hour after the end of the infomon. The average incrrase was 70
myg per cent in thae expermments. Infunng saline m comparable amounts had no
simitar effect, but a slight increase was poted.

In gmilar ethanol expertments oa anmmals pretreated wath glucose (Table 1T)
the ininal blood glacose Jevel was higher (about 300 mg per ceat) Abo in
these cxpenments blood ghucose increased.

The results were smilar when rabhats of both sexa wore used, as well ag
in expenments where pentobarbutal was used a3 anethetc
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Takle [T Efert of an intra oovus wfusioa (8.2 1 by tthosn! ou
bloed phucose 11 3 wrothameancithetiood (1 f gike} mele albine
robbals proinaled wich 3 g plucess T4 howrs bifors cthans!

L1p ma Soutial biond Iighat ob- Imcreaes i
ghucose Yoved tamed Lhoud Lhoor} ghacome
mg per ot glooome valng oy pox ot

within 1 hour
alwr Infnoa of
cthancd
g per cent
1 38 18 b |
2 H8 e 174
3 s 452 n
Mean ~ 20 ~ 120 ~ 130
¥ Corarzaimn ead crtificual resprotiom
1 J M

Talde 11 grve daa from two exp on h

curarized rabbaty, d on artifical resp during the cxperascsal
penrod. The axygen uptake increased afler infusron of 02 gikg ethaooh ad
the cffect was timdar to thar obtamed 10 spontancomsly breathiog anms®
(sce Table 1) The animal i exp. no | was pretreated with ghicose, 828
od glucose was followed. It Increased from 254 mg per ceat to 334 08 pF
cent within one hour after ethanol. Small mamtenaoce dosey of d-uboor
rannc gren dunag the experiments did not aflect the axygen uptake

Tabls UT Efict of an wiravwens afussen of 0.2 § by ethoss] o sgen spale in sk
ancitictized (14 ¢ kg) owle alivm abbas, coreized ond mestacned m eyl roprt

Expoo.  Weght |Iamal  Recal  Eihanod whmen
oyren .
ke bcfore
oltg/min cthanol  Infwop | Dousol  Lergme | AP
« e
ma

Effect oo owTTR

come, iy

[2-N (durlig
IS min | O
poadl) |l
per oomt
@
1 23 53 o 1 [ 1o -0
2 12 . 80 6 acx "
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From tbor
comcmirion, a2 = J\
temperae ven
\ptila ks per cent of wtal bevel. T
B

blockade with 10 mg/kg h h bromnde produced a
marked blood pressure fall (to about 40 mm Hg) after which the premure
sabulized Itcll at 60—70 mm Hg It was obscrved that the oxygen uptake
also fell o & lower Level

Ethanol, inflised withm onc hour afier hexamethomuom administration, ine
creased oxygen uptake, The range of mcrease was 1017 per cent 1o 3 animals
when a dose of 02 g/kg was infised. Howerer the blood glucose did not
increase after ethanol in wmilar experiments. Fig. 5 thows the hck of effect

6 Ligeion axd demcrvation [ the adronels

In animals where the mfuence of the adrenal medullary secreton was
abolished by acute ligaton of the glands or by sectiomung the splanchmoic
n:nn.cthanol(O?;jkg)mllamcdmlncrnxinnmmnpukr_m
effect was of smaller magnitade and had a shorter duratlon than fn untreated
anmals. Ths was probably related to an mpawment of the gencral con-
13623015 A ta phyel scand Lol 33
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Fig 7 Lffect of 3 different adroulbee
m dous on Liood glucose In  etkas-
ancsthetized (1 4 g,kg) rabiet greadg
xlucose 4 hours befare:
0 1035 ax iy sdrroatio Ly Inbace
Tate g by o,
2. 33 relg adrmaline L Tafomon
- - - rates 033 pg ke min.
1 2 3 Homs L3 aplg adinslos  [ofeke
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dition amocuated with the operative procedure A fll in blood peessarc and
body temperature and a reducton of axygen uptake was always seen afier
acute ligaton or denervauon of the adrenals.

7 \dmunutratun of adromaline

The Influence of infused adrenaline on axygen uptake and on bood glocae
was iy 4 T mtravenous nfusions of adrenaline at rates o
0035 035 and 3.5 kg, mun were made o immediate, clearcnt WX
n oxygen uptake was noted concomutantly with any of the adrenaline b
usions, Whereas the blood glucose increased unmediately after the two hugher
doses (Fig 7) The blood pressurc was shghtly mcreased by the orediom dot
and markedly wereased (+ 40 mm Hg) by the large dose. A slmilar bl
of effect on axygen uptale with these adrenaline doses was noted in expermacats
mmmcdnhhummmnudonuuﬁddmpnmwmﬁ
tions 1n the dose range 0.2—1 1 pigikg did not affect axygen uptake.
Thus,nmcofthcadr:uaﬂnzdmacmploy-cdmmcpmlﬁwm"
mmcdmyiummungmupuhcomp;nmctolhnuhth““w
qumdylnl}wnm:nmmijcobuincdulhnband.Haunumﬂdﬂ‘:
doses of adrenalme wereased blood glucoss and this nas independent
whether or not the anmal had received pretreatment  1th glucoe

Discussion
The resulta show that cthunol 1n sl dass (01014 kg incroars 2967
uptale and blood glucose concentration in ancsthetrzed rabbite

et
was used a3 anestheuc 1n most expenments but smiler results »
wath \embutal. The ancythesia was as a rule light, and although its nfluenc®
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oulhnp:umlrcmlhhnothmwnl(wumm&hkmmmxthnm
thewa decresses the sermtmity of the organmm to small cthanol doses. Thers
was no evadencs for a sex difference with regard to the effect of ethanal on
uxygmupukcorbbodghmAsadlﬂ'mh:mlﬂxnccmhghauh;nol
doses under certan conditfoms has been noted (Warronex 1959)

The animaly were 1 good conditon dunng the experiments and the pre
ethanol axygen uptake Jevel (6.6—9 0 mifkg/min) was stable and not affected
by infizmon of saline, distilled water oc ghacose solutions. Shghtly higher resting
oxygen uptake levels (7 7—11,8 mljkg/min) were obtamed with soular tech
nique in un-anesthetized rabbits by Luxouoru (1949 pp 104—103) It has

been shown m rabbats (TaxoL and Verziz 1913) md guinap{p (Lomuou
1949 p. 53) that the oxygen optake n modk ed during h
wnathesa.

o evidence of increased muscle sctivity was obiuned, and po nerease m
respiration which could account for the increase m axygen uptake was noted.
A dmilar increase m oxygen uptake afler cthapol was ako seen in curarized
anmnals, which seems to exclode the posmbility that the increased oxygem
uptake s due to increascd activity of skeletal mimcle. Earber work has shown
that cthano! can increase the respration moderately (Hicona 1917 and othen)
ty via the ch © T 1943 Laxponex, Lirjestrann
and Zorramuax 1933) Hmna.L(IB.‘L?) studying the effect of monozaccha
ndes on the acute tolerance to infusdons of cthanol of fasted, chloralose anes-
lhm:cdcan,nmdlh‘lnﬂmrymmunmupmduﬂngmaﬂ}ml
infuwon, which they ascribed to a Incremse n
chu\lﬂndmgjmﬂal:lhnlhnmh:mmuptahnﬁunhmlu
m!dncmmhlcrnnﬂmcumﬁ'umﬂ\eld:mlmcdu[h.umdldrﬂnl
1L 5 for the increased oxygen uptake after
ahanolme\uuldcxpcnldmﬂuinneucﬁnuxygmupuhwhmnd:mﬂnc
wis infused, as adrenalme fs the rabbit s chief adrenal medullary hormene
(Hoxrerr and MecLrax 1950) Howcver t was not pomible to produce a
wmilar {ncrease in oxygen uptake with short-term infunions of adrenaline even
when doses were used which caused hyperglycema and presor effects. Thus s
n agreement with the reslts of Leaosows (1949 p. 117) who obtalned no
dsunct increase o oxygen uptake during the first 10—13 nun of adrenaline
mfunens (0.5—2 prkg'mm) in un-anohotized rablxt and with those of
kunxmd\\l.u-(w?ﬂ)‘hntaundmmmuhmnufux)gmumdmnﬂa
h hetized rabbiu. Gangll blockade did not
Ahohﬂnh:lncruxmuxygm piake after ethanol. Finally axpeamments on
ammals w th ligated or denenvated adrenab furnnhed no evidence that ethanol
umcreass oxygen upiake da the adrenal medulla. The mereased adrenal
m:dulhnmcuand\crcdunolndmmhmmnmth:prumtmmu,
wndicated by the Increase m blood glucose, may bowever ha e contributed
sccondarily to the Increase m oxygen uptale
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It 15 tempung (o speculate on bow ethanol might increase oxygen upuke,
It Is known from earlier work that ethanol increases oxygen uptake of ranom
tiuicy w rire (Rosextsox and Stowaxr 1932, Guose and Quaster 195
VALtoren and Rurose 1960 and oiliers) and & smilar i tie effect sooms
compatible with the pracnt raults. The increase mught be caused by acerl
dehyde formed dunng ethanol metabolom, Trurrr Berr and Awastz (1936)
uung brain ussue, have shown that moderate acetaldehy de coacentrations have
an wncouphing elfect on oxadauve phosphorylation which increass oxygen np-
take, \cctaldehyde in small doses (0 0F gykg) wben wfused, causa a tanatory
ncreast In oxygen uptake umilar to that cated by 0.2 g kg cthanol (Prnwar
1962) The rate of acctaldehyde formanon from ethano! w rge s appareaty
roaxunal at Jovw blood ethanol concentrations (< 0.02 per cent) due to the lugh
affinity betw etn ethanol and akeohol dehy drogenase (Boxsvanax and Tromowny
1951} \n effect via acetaldehyde could explan why the increase 1 angen
uptake caused by cthanol occun at these bow Llood ethandl levels, It o abo
passible, however that the effert of cthanol on oxygen uptake 1s related tor
depolanzing action on membranes (Garteso 1918)

‘The miual blood glucose values were lugh (about [80 mg per cent) 1n mad
expenments. This scems to be due to a hugh restng adrenaline oatput fros
the adrenal medullz, probably duc o the hesia and preps e
the blood glucose decreased afier hexamethonium adounistration. The oreas
in blood glucase after ethanol in the present experuments scemn to hne
been caused by increased adrenal medullary secretion muce it way redoced &

ed by hexamethonium. These findings are in agreement with thost &b
tamed in the dog by RuwouaN and coworkers (Rixouax o ol 1959) &+
though smaller cthanol doses weve employed m the present study This may
be related to the fact that the minmal, hyperghcemuc sdrenaline dosc ilow
1n the rabbit in comparson with other speaies (Erin 1956)

Further stucdies of these ethanol cffects mught prcmdelﬂfww"nd
for the conroversal stimulating  effect of small ethanol doses.

This work has been supported by grasts o Use Aloshol Rescarch Commboee of 42
Swedish Meia) Reacarch Councll and froem Soficlscn Lars Hcrtas coune. Rl el
determinations were carmed out by Al A H 1rd ¢ the Department of \iokel
harolinsds Instwatet, to whom the awthor expremes his thanls

Refercaces i
Asci, 1 C. Himagw and W mtmam\\-mww
Adrenalin- und N i des tieben Ocgs Hdr el S 15

£ 391600, 15
B o A resplration spparasus fo scumll snimaia 7 bud Ghem. 1913 20 B30
BasmciLmen R K. and H. Taxomrrs, An carymanc moibod for the micode

banol. Seand J cle Lab last 1951 1 3861 =
m&mmawmmm.mwunml‘”‘
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Effect of Methanol, N Propanol
and Acetaldehyde on Oxygen Upiake and on Blood Glucose
Concentration in Anesthetized Rabbits
By

E. 8. Pouaw
Received 17 November 1961

and in blood glucoee concrairatian after

Bave recently been d o ureth bettred rablats.
The present periormed to d ine whether sab-
sances related to cthanol prodoce similar effeets The mubstances
were — Alcthanol and cad Dot

blockade, suggoting
ethanol rame the Hood ghucoss bevel i different

It huas recently bown found (Prasan 1961 1962) that ethasol in mall doses
{02 gkg) d an increase in oxygen uptake and
& gradual e in blood ghicose In urcthanc-anesthetred rabbity. It was
shown that the increase in oxygen upake was not due to actrvity of skeletal
mcle, but probably to a direct ethanol effcct on eclhular respiratan.
A similar sumulating efiect of ethanol on the axygen wptake of vanous ussues
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Effect of Methanol, N-Propanal
and Acstaldehyde on Oxygen Uptake and on Blood Glucose
C {ion in Anesthetized Rabhity
By

E. §. Prmiax
Revcired 17 “vor ember 1961

Tt tun recenly bem found (Prasias 1961 1962) that ey,
(02 g'kg) prod an i < Wlnc,,)
a gradoal na mbbodginmmmnbmmm%hmemd
¢hown that the increare m axygen uptake was ot doe gy HHL Tt was
musele, but probably to a drect ethanol effect on cpp T of akeletal
Ammmamlmmmnmﬁﬁ'rmw

o S

R wmalf dosa
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e thene-enesiheticod rabbus
W‘W.

— &
- L d:l:n Largent Approgaue
mm {ncreme duraton
(durmg | of efient
18 mun afler ood
perod) of infasce
per amt ol
AMethanal CH OIf 3 ans 44 6-12 0 -
Lihanal  CH G OH [ ar 14 6—10 19-15 #-a
»-Propana CH,CH CH0H 3 oze 44 6-9 ¢ -
Acctaldebyde 31 CHO 3 a0+ 087  6—9 10~14 10

Data from Prawax (1962)

aldehyde are given in the present paper

Methods

The methods wed m the present experuments ha been described i aa cudsr
sdy on cthanol (Prasax 1962) The mun featurcs were s fabwr Ao sebbot
anatheiized

The body (coloak) temperature was malniauned at 3839 G

Results

mmudth:oxygmupuhcxpamumnmmuucdm?:‘;
Oxygmupnk:munaﬂ'candbymmhannlmdu-pmpamlmdﬂﬂ -
rable (on a molar bash) ‘0 the ethanol dose which regularly prodiced
creased oxygen uptake (4 4 les/kg) When ! was adminks
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o WO SCOSE

iy MR CENT
0
xa
"0 oo -
Fig § Efectol m.bunlh:hm&&l
o blood glacos of mm‘ﬂ A& treaosenfig
8@ uatrated anbzalk.

in a Bose corresponding to one fifth of the efferihve cthanal dose there way
an fmmedite, moderate increase in axygen uptake which, hovwever laxted
only & shact tme after the mbaion wiu docootnued. Thes acetabdehyde effect
mnhnmmunmmd,‘mﬁddly\mﬂhmdmmk.moodﬂw“u
afferted by the nep ! and acemldelyde i
)ialmm\ {Fig !)pmdnc:d:ﬂmdglmrixmh:m&umaﬂcr
sdmimatravor of ethancl The rme wa, homever not abolubed a0

by
glionae blockade with bexamethoonmm brondde (10 mgfkx Ly ) The blood
pfuwmmdgmﬂmdhmaﬂbcmﬁmk“mmhﬂyuuﬁmeddmn;
dunng rafsion of n-propanel there slight
b!oodprwurcbﬂ. i *

Discmarion
The prosent results show that the icrease m oxygen uptake produced
by cthanal i not & nonapeafic effect commen 1o ower primary alcchoh.
The cheervanon that the oy gen uptake 1y umilasdy incressed dnrmg wfusion
of vl acctaldehyde doses saggerty that ethanel meressey the axygen uptaks
m A vz acetakdelyde, its chaef primagy breskdown product (¢f Jacomxs
1932} Tawrrr Baiz and haaxrx {1936) found & Hmited degree of uncouphng
of ondasse phowphorylation, leading to Increased oxygen nptake, in brain
umac @ turs 10 the presence of acctatdelyde in moderate concentrunom, but oo
smilar effet of ethanol and fu beologues P 1o sebutanol. An w e offect
via aceraldelyde could explam whry the effect occurs afier thers suall ethanol
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doscs, ns the hugh affinity bets een ethanol and aleohol dehydrogenase (Box-
wasen and Tucorart 1951} apparently lends to a maxamal rate of acctal-
dehyde formaton at low ethanol concentrations (002 per cent) The rapd
mctabolum of acetaldehyde 1 the organism could account for the short dura-
von of the effect of infused acrtaldehyde on oxygen uptake.

‘This wock was spported Ly a grant from the Alecohol Research Commbiiee of the Swabah
Aalical Rescurch Council. The technical amustancs of Dr A Hioosanx & graciuly s
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Iacrease in Oxygen Uptake After Small
Ethanol Doses in Man

It b firmly otablabed by casfier work 1bar ethanod o memsbofized 10 the

and ity nutrincaal value 3 well known. Ity influence on oxypm
upake in man onder vanous conditons has been studied by several w arkers,
and, although a sHght incresee In oxygen uptaks has someiimes been noted
(Maxarpt 193] and others) most workers hisve foand no change (Hicann
1917 Gaoroxeax 1930, Mrvex 1931 and othery) It has thesedne geoerally
been condoded (for review sec AMrourtr and Corzox 1940) that ethanod
has Outle or no effect oa dther in low or w high doses.
1t was recently noted (Prruaw 1861 1962) thet aa intravenous fnfision of
n wmsll ethanol doss (02 gikg) produces sn hmmedt) (10~-15
per cent) ncrease ln the oxygen uptake of hetized rabluts, a8 d
wih the Buxaoier techruque. Fuarther it was shown ihat this locremse sway
not due to activity of skelema! muscle, bat probahly 10 & direet cthanod effect
on cellular respiration. The present paper reports experitments in which the
cﬂmdmﬂnhmdmmthcnxmmupukenfhmmmbjxnm
rednvetigated.

d,




208 I L. PLAMAN
Toble I Onpen uiale  cthawl ond smirel cxperiments on 7 kien subpucts

Subyect oo, Cootrol expenment Ethanol expeonsunt
Oxygen uplake Onygen upake

louwl | Changcmperomt  Eihand | Bokors | Chawge la por cent
ethaoed

mlfmm e
0—4 70100 o llma | =% | 0—10
[ mea mo
1 306 —6 a3 e +4
2 282 ] 07 189 +17
3 79 ~4 as1 318 +7
4 m -1 030 %0 +7
H 4 ] -4 a7 7% +6 -1
6 47 —3 -7 a9 133 +4 Tl
7 34 —8 —9 a2y 00 +4 -1
Meaa  —23 +56
Methods

Seven healthy young men (sge 20—24 yean) all with modert ctbanod habuts, scnad
determinstont

determana s
of the Lmtal cxygen uptake devel. Comenuons] Kroos technsque was wed for
axygen  plake detomunaton, and cach alue o the mean of two cameuhe 10 =3
ctermunatioms. Afler detamuntmg the Imtal ox) gen uptake kevel, 150 ml chilled 632
Jusce to which 30 ml of & 71 per ceat (wiv) cthasol solutioa bad been added, ®
pven 1o the et subyect to drink w thin 10 mus. This amount of cthioal
10 dose of 03 gkg and produced ucxpta:d.nopwugn-dh;mzmhl-Tm
w0 fifly and m fow expenments 70— 100 min after cthasof intake tbe ax gen paks
was agaio determuned and s percentage change from the mitlal value was
Coatrol expermments w th frust juice were carried out one day befure or alter B
cthanal cxpermments. The subjects wer  recumbent dunng the whole expenmaat

Results
The results are shown 1n Table 1 The nital oxygen uptake level were
seasomably smular in the two groups. In the ethanol ts there wal
2 small increase (average 6 per cent) In oxygen upiake 20—J0 min afir
muhwh:ch-uwmmmzmnuolapamummzm"ﬁ
uubuklanuprc-cdnnolkvc)m—lwmmafmu}umlmukr_hw
apammuﬂwrﬂpuimnmandlhcbﬂnmcumdﬂmﬂdwz
mmundynilhlh:m‘gmupukcmd‘mfmmdmbcunchngcd-m -
cthanc] concentration was determuned 1 some um‘ﬂ"‘dr
Wik (1932) and values ranging from 0.018 to 0.03% per cent were
tatned 50—55 mun after ethana) intake
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Discussion

No evadence was obtamed that the mcrease 1n axygen uptake afier ethanol
was duc to increased muscular actrvity Because of its modest magnmude it
may have been overlocked by earher workens. The mereasa may be of the
same nature as that soem m anathetized rabiuts and could be related to the
abdlity of ethanol to increase the oxygen uptake of varous tmues m 1une under
certmin conditions (WaLtozxx and Korowaw 1960 and others)

This work wea supparted by graat from the Alobol Rescarch Comaittes of the Swedbh
MMedical Research Comnail, Mood ethasl were cunad oot by Mo, A Hounds

ut the Department of Alcobat Roscarch, harolieala Lowitutet, o wham the amthor expremes
ks thanky
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Abstract
Iwar, DB DWW Lomszmy and 8 b Smigo. Sormel ond
st EEG reland so corticwl oopee traswn w the W AcS
Pth-and—l%l.” 210224 — The unrnr.:mmn(

oxygen eriason 1 sabalized by bomeosacc whch
e blood Bon € mcrwwaums“mmetmmﬂ
demsnds axv greasss than the APl ‘hﬁbdf:&’““

no
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The relationship between the oxidative metabolizm of the cercbeal cortex
and the EEG remaims eugmatic, On the one hand, thare are older as well
a1 mare recent, studies which have shown that the regronal corucal blood
flow changes with alicranons wn the cortical funcnonal actnity (Roy and
SmxmxncoTox 1890 Laxpau # ol 1935, Soxororr 1961) Such blood flow
changes, which closely parallel general changes in the EEG (Ixavax 1938)
have commonly been mterpeeted as due to an mnherent regulanon — probably
by metaboltes — of the blood flow to the functional activity (Scusmt 1950
Kxrv 1960) Onlhco(.hn'hand,quumnnr:ﬂuduofthcaaqluxy‘:n
uptake rate of the whole brun have not d
bcm:muuuchancmrucdbywﬂdydlﬁ'mtEEGpnnzrmmchudmp,
the ranng state awake, and tense alertmen (MaxooID of of. 1935 Soxororr
o ol 1935 ¢f Soxororr 1959) These studses have, however all been mads
with techmques mvolving the brain as a whole. Regaonal cortical metabolie
changes accoxmpanymg shufty ;n EEG patiern might therefore have ascaped
detection, It therefore seems evident that the cerebral metabolic correlates of
different EEG patterns should be stodied locally in the cortex itelf

Polarographic techmques have been wed previondy for quabitatne stodies
of vartlons 1n cortical oxygen tension concomitant with changes m cortical
finctonal activity Thus, Davs, \McCoriocn and Romsux (194) and
Davizs and Risown (1946) demonsirated a Jowermg of the cortical axygen
tenton durmyg cpileptic saxures. Mevrn and Doy Browx (1933) aho ob-

cat was meanured with a platinum cathode of the Crazx type (Lisxrxs 1960)
by means of a continuous, relative technique which has been desonbed recently
(Ixovaz, Lussxus and Seajd 1960) Varous forms of general wade-spread
dﬂngulnmrunldccma]utmty\«mbmnghtlhmnb,mnmof
physological, ph \While the corucal
POu was found to be crymNc,uthh:EEGpam:'n\\unndyurdunm
thowly t way found that scveral form of regular changes In the cortieal pO
could be recorded during acute EEG changee. The general cancluson ks
reached that such changes m pO reflect acute alterations in cortical oxygen
conumption. Thae pO  changes may be modified by secondary Jocal adjust
menn of the cortical drenlation

Prehminary reports of the findings ha  been presented previowly (Ixovax
Suspd and Luparas 1959, Lusaxns 1960)

Methods

1 previows report (Inovax, Lusaras and Sass 1960 detailed
been gnen of the general expermental

Ypermaents were camed out m cats, of which sx were anaesthetized with \embutal
mutal dose 40 ME L R and the renuainder w th ether and Pensotkal, In the Latter
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group, . sl setuon was made at ol 10 aght cases leadphales vsks), and 4 ban
stem secuon at the mteranllindar kevd 10 four cases (erreexr ualds ). I el eacphal inld
prepantioos and 10 the magonty o the other axperiments 2 curarming agent (Fluedd)
and arufical ropuation was wed. The vagl and cenaal sympatbetic pena ox
secthoned m all excqa o apaniments,

The memixane conered platinum cathode for PO tosve meamremeans (Clarx
1356, Linxass 1400) provado a waul ¢, sabdc and Lut reaciog smatrument (63
deflecton reached i abot 5 scronds when shdting from pure nurogen 1o 4w) for
cootnuows whin meawrancats of e pOy The acd area of the ves aral ehectrode
models uied was 3I~f mm o diamcter L the eloctrodss recordod over aa wa cs-
tanng both blood uad-wdtminlmue;ropa(mﬂsmm).mpodmmk
was usally placed oo the guddle swpran hian gyno In some prefimmary oxpenmens
the O was recorded by amall paked pliusum cathodss (sbout 0.5 mm e diameis
which were sharpened aod inscried 10t0 the cortscal tsue. A sihveral o dikoade
selrence derirude was placed w0 musde tswe o Uase

Arowal reactson in the EEG were brought about by adequate sumulaixn (uwasly
poucepine  or by hugh frequency ekectrical sumulation (125200 square  s¢
pubscs of | mace duravon durng 5—10 see) of resculsr parts of the momcaphalos

the dsencepbakon w th stervotascally onentod steed necdles (Marezzs and Macoor
1942 A Gras sumulstor wuh & trambnmer output war wed. Nerdle dervods
wer 3l med fr tmulation of thalamac, of otber arcas subcurncally Local sumulavos
of 1be cortueat surfece was made with (wo plausum ball dectrodet

Epbepuc segures wae mdoced by b mjections of Metrard (paatumeniee
teraxdd) solupom m s conceayr von of 5 ar 10 per ceot. The cor bl axidatne o°
tabolum, and hence the EEG war depreaned acutey by Inpectons of a potassas
cyasude solutn /) g mi an amounis of (L to @5 mg 1o the quroud artoy ot
a canoula m the crouml cod of the ax lmgual srtery The effocts of 1nom eSO

£

intrscarcsd myectons of Nembuad or Peototha) ()~ 13 mg'ky vpoa the EEG 18
corueal pO wer abo pudid,
fa 5 relatn of the cortsca) bioud Bow were s

the EEL, the bood premare 5 wrth an o (ELLSA, Sk
ban through a cannuls 1o G fonoral artery  and the O dnn;a-anﬂf“"":
rapbxally by mous of an OFFNER rype D3 decromcrphadogral {(f 1W
Limsem and Sunyo § 48

Results

1ith smable systemic arculatory 4 and fled Tespsr ml:‘
coriscal pO mmwcduufouodzonryraybme(lmthm5"..ﬂ’m
o 1Gvam, L{psrxy and Suajo 1960 The corteal pO, was sot oaly
mbc-ublcmmmehuxmwdby-unmmp;munhud‘“mm‘
m;:nhnu,bmnhodurﬁxg:mampzmaizrymdn:ﬂrﬁlf:iw

s
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Tig 1 Cat, Light Pentothal ancubeals with Flocedil. Artuficial respiration. Vagl and cervica
Roieie o E25, G B e ), booe promrs mﬂcundupq(:mnu(m
hwwnﬁmm { ectrically (3 % throhald ntendty far
LEG 230 pubses per ser, 1 mace doration). Coaeombant with the EEG arousal

there wm “marked pressor rosporms () which mncraued the cercbral blood flow end this
z;»umdﬂ.mmpo.mmmimunhmnfwm

Acute alterations of the EEG cm the other hand, were regularly found to
be accomnpanaed by cortical pO changes. Some sach changms which were
stndied syutematically will now be described.

L Cortical p0 damag EEG chenges elrried by elactrcal stomulaiion
mmmimammd;r:acdmrdmrdulpo changes accompanying
the aroosl reactiom™ (cartical * o derynch ") of the
EEG Thos reaction was studsed in 13 cats (8 enciphales wsalés 4 corveaes uolés and

3 Nembuzel playing a synchronired EEG with spindles.
I‘“P‘:pludm:wuhmmuabx:inmth:dcﬁnnﬂybduccdmuul
mdmhinmm“.mp.mcdbyaprmmme(Honulnd

TN 1942) which may outlast tho actvancn penod in the EEG Such
mhﬂusedhbodpmhfo[bucdbymmlnmbrﬂblood

Vasomotar contral of cerebral cach (Horuguor Isovam and Smyjo 1957)
Prrpanﬂnmdlhktypemthmnﬂtcdfofmmdth:rduhmhipbemcm
W-—820013 Acte phyuiel. scand. Vol 55
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Fig. 2, Cat, Eny) sl
JEE:“EHB :l;;nnlmlhhﬂunid. \rilficlal ropoadan. \ agi sad conkal
(mnhe E, ﬂrtmlu.lm:ﬂ:‘cvpo._l(t.‘) and umﬂ;r\?nn(DLAxn?;‘

x
Pt ) et dunatioa) Notc abwence of promor roponc (g Fg. 1) aad the pkonc
pO.nwh:ncnnnnmm-uhlh-E‘LGmLF @ Fal)

m:wrmdomm(yandmngumdzmm(mm‘h
cortleal thsue It shoukd be emphasized, however that In comparuon wib
preparatoms with an ntact brain stem  thase with a bramn sem secnon of
cpecaaily lhuncmthnrpumlmmnncl;bmcdalm\abloodpmﬂ“
g60mlOOmmngwmparcdlo&)—l§0mmH3 sec Drscussion)

In all emcéphate OF cerreax 1sol{ preparations the EEG cffect dunng arousd
was thus found o be accompanied by an utial small decreass in the coral
pO mmuucd,follokudbya.ccmdaryﬁncrmm(l’g 2) The huer w»
mmﬂybyﬁrdmmorcrcguhrunemdthcmmtpmnmmdmmm
d sarted dimul ly with the sumulation or with a latency of o
{0 two seconds. The inerease, when present alone, usually had a latency o

zauon of the EEG Thus, structures pertatnung to the reticular system b 15
masencephalon (sterestaxic coordinate frontal minuy 2 and forward) as well
as in the diencephalon (up 10 plus 11) were stimulated with escntially e
same result,

The change In coracal pO dunng arousal, like the EEG change, 9
grossly proportonal to the intennty of the stimulus (Fig 3A) The dwau®
of the Il decreass of pO  vaned with the statc of oxygenaton of (he artens
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Dbtgrams sheming different cortical murface pOy reactoms certrical mimmbadon
S‘éwmmmmmMummhw
rocoeds. Ewipiis Lk peepersiion s m Fig. 2.

wemotun bntemelties (1% 2 and
sy cooceairuions o b
coapuicd s Thote ThaLosbp of PO, chaage aad mimohus Ixsemlty Noac alie Lengthening
m,,,,..'”...dwdy cortscal POy with low cxy gen rapiranos and thortenleg with hegh
oxygen Tewpecth

blood. Thun, the initial perod of decresse was lengthened
had been allwed to breathe a gas mixture with less oxygen than in aur while
it was shorteaied or completely climinated in hyperoama. The heght of the
secondary phase of increased pO dud not change appreciably when the level
of axygenanon varled, while the form of ths wave underwent smaller al-
teratoes (Fig 3A)

1t was abo pomable 1o sher the cortacal pO - effect during arounal by changing
the rate of ventlatdon. Hypervennlanen, which in itselfl often caused a small
reduction of cortcal pO,, ga ¢ s general domnntion of the deflectsoms 10
arvmal, white the opposie, hypoventlation, camed a matked Intoose of the
wmtial d rd defl Both p d coukd be rep with the saime
result ar anous devels of axygenauon (Fig. 3B)

It 5 of interest that in hypoventlanon (n e mild hypoxa and asphyxa)
of degree oot affectimg the resting EEG repeated brain stem stimulations.
xa T rise to very marked wnal phases of decresc of cortical pO which coald.
lLaut for nunutes (Fig 3B I and II) In such sata the bam uem stimulos
did not dliat & egular w th d h of the EEG. In-
sead, afier only a ery short period of hugh frequancy EEG wavey, thee
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Fig 3B
B Influencs of respiratary ratn spov sorteal uirfsoe pO;y reaction dusiag aroual ko bypersls
Ko bt o et o
oty total beight of resetion with b muhu-n‘duh:duoa)mw
mrd“ih]hmdzﬁmwﬂhhyp\muuh wn.,qa Vhes (v aroeal rractie
(Ilndll?ncm red Wmuwu: mmm}w

wate ke cortwal pO, recards showed hnwmb:irww

L&uh&m(ll)\bsnm;bmcdnb\w sver nssead of tho regulsr asoual pueere (59

sometimes developed a general slow wave pattern lasting unul the retun of
the corticl pQy to the ratng level

Records of cortical blood flow again demonstrated that the EEG arowal
reaction u accompanied by an increase in the local coctical blood flow whick
Lausts as long a1 the dexynchronizanon of the EEG and winch b unrehaed ®
umultancotn changes n the systemic clrculatlon (Inavaz 1953 Iwovax ad
Sopxxmsro 1956 Ingvam 183) The oaset of the mcrease bn cortecal bood
flow started about 3-8 seconds afier the onset of the simplus which mdoced
the arousal reaction, The Increaso In hlood flow paraficled tho meresse B
porﬂmwummnnmdmceorgdlminuumafbbodﬂcww
in the arousal period when the cortleat pO ofien showed & small tramkst
decrease. Such 4 ditunution of flow may bowever nﬂmbcnn:nnﬂﬂ'ﬁ
stem stimulation in non-curarized preparatiom with an miact brala siem
intact corvical sympathetic nerves (Ingvax 1953 Gracx 1958)

Arousal reactions mduced by physiological simulation were sbo et
In the preparations wed thexe reactions were, bouever unsiable aod o
as prosounced and longlasting as thos eheited electrcally Cbﬂ‘q‘::&/
wpo,mumrdcdum.mumdmmmfaawmﬂﬂ‘
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Locad clactrwes] stoxdatiax of e corlex veas made m two experiments with a
pﬂrufdu:xmd.uphmdunboﬂlsﬂaoﬁh:po cathode, It gave rise to an
rmmediate dounution of the corncal pO  which waa roughly proportional to

recrmtmg resporse of the clamcal type (Moamos and Doeary 1943) wae
fomd to give & small increase m the pO  mexsured. Ths increase witially
amounted to only a few per cent and later slowly doappesred, even if the
sarules was maintaned. Thu response was mare widespread than Jmilar
ol anes chated regwnally . the coctex by « g transcalloss] stimolation
(in an area homologows to the stirmulation point) or by stmulaton nl'.panfu:
projection nucla in the thal Ay of the

of coruml pO cEr,m‘-u.,hrmﬁu' omndcthumpeufﬂtprnmtmm&-
gaton.

1L Chewcally oufmcad chaxpes 18 cortscal #Oy

and potasstum cy'lmd: were u-xd (f LIP.ILWAn' 1959}

When admi y n fracth d dases, Bletrazol gres roe o
nd.:tynd:mnmnunmth EEG Like an ekectrically mduced arousal such 2
Jogic™ aromsal 1 d by an mcrease in cortical blood flow

(hﬂzvullgéa) Like the EEG cfiects, ths merease of flow s mnch more
Long-lasting than the tramment effects ebcited electneally It was foand that
the Afetrarol arowal when induced domly was ot accompemed by any
subetantial change m the restmg cortical pO,. Some trandent cffects could
be correlated with systemme drealatocy effects immeditely followmg each
injection. Even in exireme degrea of corncal activation there was oaly & small
increase, if any change af all, m the pO provided an epuleptic seure dad not
occur

Wth higher doses of Metrazol, or following a sudden mjecton of a larger

amount, a seria of eplleptsc serrures was induced. Sach serrures ather appeared.

ar could caslly be cliated by afferent stmato-semory or

stimulation. It was then pomible to confirm the observations of

Davn, McCorinca and Rostuax (1944) and of Davies and Riucwn (1946)

whnlbfonmdndm—mxhth:urﬁuluxrgmtmmdnﬂngqﬂcpdc

seLsures.

Anmtmmdmcdmmhcumeanmdthanﬂhngiymh:mﬂicﬂ

clze::hdnrlngcpﬂq)dcxchnumdumimuﬂﬂhhmmmll

doos thero s no interk by sptemic elreulatory i Y
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. x = f - T
Fig. 3B
B. Infiuence of respustory mie upom sortcal surlace pOy rotetion duriog arousal ja bypeodt

'.au.lbdgmalc:'malon‘rilhh umid.-bdﬁw)uﬂm
s ko catiaion (oucd o), 15 crousml repctsst

mlmudntlopcdugmaﬂlhwu?v:paumhnmgundllhcmi
the cortical pO, o the reting level

Records of cortical blood flow agam demontrated that the EEG arool
rucuonu;cmmpanmdbym(nmm\hcbmloonmdbbodﬂo"m

pO,'Ihcre\«ulnnocuccwdmmu(ad.nnmudonn[h!oodBWM
m the arowal penod when the cortical pO oﬂmnbnwedsmllmm:m
decrease. Such a dominution of flow may bowever o&mbcmlﬁﬂmd
stem sthmul n d preparatioas with an [ntact braia son
intact cervical sympathetic nerves (Ixavax 1935 Goiosm wsi)ha
tmulation wese

Arpusal resctions iaduced by physiological sl o peret
nently
srody

upmnouncndmdlunghnmgutbmedldmddoqﬂaﬂy Coaseq
the pO d:mgumcordcdme:mnﬂnnduotnﬂhblcfora‘?‘mm
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be obtained together with the homol. ! deved of a typecal barb
F.EC panu—n‘bothdnnguhmingmnh:mdwnﬁon.mcﬁ'md
{ by concomitant hlood

pn:mrrcchmganhachnﬂ‘ccmdthcmdulhbodﬁow

Discmasion
In the prescot expermments ¢ has been amamned that the pO, electrodes
wsed gave a relatne megsurement of the mean timoe pO in the corebral cortex,
Thhmumptkmhurwcndybamm'mnhamdb}ancnadmmuin
dogpr (GLmanasl o sl 1962) with a ¢
{(Lvwagns 1960) Suchquanuum'ﬂmﬂm:mnunthcmd:rﬂmﬁdm
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dogs a8 stcady nate showed & fur agreoment between the expenmenally
measured  aurface” pO; values and the mean uawe pO; calowlated from an
oxygen diffusion modd for cortical gray mauer (Trows 1860} It b thereire
possibic to dermve wme general conclunam from the el peesoated above
concernng the relatdon between the funcuomal astaaty and the mem caygen
tenson of the eerebeal conex.

The nuahility of the corcal pO ovasured, not only 1a sneady staies, batabo
when sfow gradoal changey took place in the EEG mught be mterpreted 22
further evidence for the et of b X b w the corueal
nuue which secure an adequate pO by adpoung the blood few 1o the fome
uanal actnary  hnestipatons w 3 x paraliel berwers
cartical blood flowe and degyee of activauon of the EEG wore wentioned m
the miroducuon,

Ducusiing the cortical pO  effects recorded duriag electncally fodoced scue

EEG changer sich as asousal st should be empt 1 that thee
racoony were siudied syncmatically o preparascas in which the syseme
! and y of the arousal had been climsated

14
ddﬂxrudybyh:;nm:nor:pmdmmlhnydthtmﬁdamdmw
uwlés also had 2 Jow blood prevare. When, in an solated brun of ths 5pe
the elertre sumulition suddenly changes the staie of reat mto one of, a8 @

desihe full protectum™ of arculatory and reyparatory adpustments
{f Mancor #f of. 1955 Soxorarr «f o, 1955) However without thn pro-
teclion™ 1t was thown 10 most cases that & rypcal arousal way smfually &

minarty and the EEG effect.

Since the ssual docrease m pQ was pever found to be sccumpasicd b 3
reduction of the corucal blood flow we concluds that wt was cawed by 35
mlmnmmmmmgmmmpmm«mﬁmtﬂlhm““
wvanon of the EEG Thus conchuson 1 further strengthened by b fist 46
the drorease m pO, waa very much mbuncd by bypaca, and sbosteoed
efminsted m hyperama.
Tltumdmmtbmt‘nddxmpiymutbcmﬁscmm;ulmg:
mmpchnmﬂhnnhngnckpaﬂdmmlmﬂm-mw
uxmluunﬂumpamcdby;locdwmlbcw-wlw af
(sec above) Thkmnxmmml&dmoodap!nmxh:mnxp‘;’;d
sncrease m cortacal pO which usually lased a3 Joog a4 the acmabod 200
a the FEG Simultancous records of cortcal blood fiow and cornesd Fo
pasalicled each other clostly mnmﬁmﬁ,mmmw
decressed pO,.
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Th:mm-prctmmlgivrnnbw:hﬁmamppontdhydnﬁnimgthulhc
cortical carbon dimnde e tenman (506 Suxg0 1961) (corncal pCO ) dunng
uuunl;lvmmmcrweuhthhmulmgudracunmnpmudmdw
EEG 1. ¢ the cortical pCO; parallels the blood flow record (Ixavax, Szajo
and Hmmrz 1859) In other words, in spite of an merease m cortical blood
fow which tends 1o lowes the tmue pCO  and merease was found. This proves
that there 13 an mereased producton of carbon daxdds duning the penod of
arcuml There s then ample expermmental evadence for tha view that the retc

s scen in the EEG abo Infl the and bol:
coctex, and that this saraderily {nflumces cerebral blood flow (Ixovax 1938)

The diphaac pO, cunge during dectrically indnced arounl reactions woold stxm
o be related to the Also diphamc

(Gownaney and O'Laanr 1951 Awpena 1958, VAAKCPA o al 1359) It remains for
foqre mvatgatioos to clandy whether shifts 1n dendrite membrane potentlal takes
plice contonntant with changes m cortical oxygen camumpton mduerd from the
brain stem.

There arc two chervatiom above which apecially ilinstrate the cortical
events during exdties] condll of In both

were created m winch the available oxygen apparently did not suffice to meet
the fincnonal demands of the cortical tisue.

The first beain stem bathe

instead of the regular activation patiern sern at normal levels of cxygenation.
It u known that bypoxus, #3 well &3 an Incresse m blood pCO,, both present
iingifl:ypom({l;n:n,ghumcwwubnl dilation (Nogir. and 5

Rrrr ScawoT 1948, Squxemer and Orrrz | Comsequent]
whin the cortlcal 1 activity o n. ‘durlng‘g,if) L l.nYy
further adyurtment of the blood flow munt be imited This would cxplain the
absence of the sccondary incresse of cortical pO in such sitnations,

The appaaranco of dow wa o o the EEG during arocnal resctoos in posne
staie, merrts Arther stody Th-:ypzarEEGrqzaxnmmhkdyr:hmdlhhzmﬂu
cﬂacndhhnm:ﬂnmhﬂm@bcdbrhlmfmy-ndm(m{!)‘
Ml“ (1953) and by Inovas apd Gocematas (1958) Probably thh raponse shontd
be from other h effecns wpon the cortex ellated in the kower
brain sieon (acn, Mowurrt and Posrmano 1961)

The second obeorvatson concerms the eplleptic selnure. Hexe, the cortleal
Poamguhdylhawndlmbtunﬂddmu:(upmu%)uhd:dwynw
3 few seconds afier the onset of the high voltage eplleptic actvty in the. EEG



222 DAVID M. INGVAK, DIETRICI v LUREIRS AXD 0 K. SI3j6

In sumultancous records of the cortical blood flow it was shown that the cxctcal
PO, started to drerease 1 spue of the fact that the blood flow was already m.
creased. 1n fact, the lowest pO, levels were reached afier the blood flow had
;]rmdymzhcdlumunnum.A:mnth:mzwcnoppailhchmc
Agan, uKTtAuNg 10 a maxumum dunng the postictal phase of electrical silence
dunng which, as a rule, the blood flow was sull substantally sugmcated. [t was
thus coofirmed that the epuepue selzures were never Ity accompansed
by a reduced cortical blood fow (Jasrrx and Exrcrsox 194]) The dramatic
decrease of cortsal pO, which doveloped afier the great augmentauoa of the
corucal blood flow must be explauned by the greatly increased cortical oxygen
consumption dunng the scizure, as shown 1w the monkey (for the whale braa)
by Scusmt hevy and Peozs (1995) It ahould be recalled here that the
corucal pCO  alvo shows 3 dramatce incresse following an epulepic semure
(InGyax, Stesjo and Hexrz 1959) The present results therefore mdcate that
dunng the gonerabzed eplepuc sdizure a saie of relatve axygen deficensy
1 the cortex results due (o the Lict that the local cortical blood flow alreadry

il 1 augs d, cannot adequately comp for the great incresse
1n oxygen comumpuon (JAwrr and Excson 1141 Glaumr o o 1959
The resuls from Jocal cortical snmuladons, 1 which local cpueptic “afir
discharges  were produecd, ind that the interp given abo bokds
wrue in such cawes, It remans, however for fature quanutative measoremens
to etabloh the extent snd degree of the sbove postulated relauve oxjge
deficiency m the cortcal tigue dunng the epilepuc discharge.

Nais added i preof In a recent commumcation haxzow of o (hazow Eo
}J Hero and J Riarxoo Bmdtungm:nucbmmm“‘d
Durchblutung der Hirnnnde do Hunde. Pug Arch gey Phynol. 1960 61
272 13) have reported that EEG sctvauon in pon-anestheured dogs u oot
always accompanred by an incresse of corucal arculanon These workery mead
ured the cortical crculaton kocally by means of a thermotlectncal metod
Tharmulucmphmzeth:gxtnnnxhluymloa]mma}hlwdﬂﬂﬁm‘h‘
pan-anesthetized sikte wluch, as poanted out above unmndutcdybcmp‘m’
sy 1th the conditrons used m the present expenments,

The v extsgatacn was mipporsed by the Swedib Meducal Research Councal kad the Dt
Forxheamg  foormwhgft.
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Lactic Acid Production and Adrenaline Reversal in

o N on Isolated Smooth Muscl

By
Erra Momux Luxprola
Recarved 29 “osamber 1961

Studles of the relaxing effect of adramaline on mooth musce have demon-
strated » close correlanan between that effect and an mereass In the Jactic
acid coutent of the muscle (Mormux Loxpsoru 1953, 1956, 1937) Stmmulaton

contracting cffect of adrenabme without iohibutmg the lacte sctd production
(Lvromois and M ome Loxororu 1960) No relaxing cffect occnrred, how-
eover in those cxperimenty — probahly berawse the tonuws level of the thmuo

lowmg dibenamine was xmociated with an elevation of the lacte acd content
of the mescle.
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Method
A nbbn woghing between  &od 3 Ly was kiled by air embolisn, The stomacs

muscle coat in the fundus paruos were tahen specmens 15 mm wade, "0—25 0¥
long, 8.8 0 mun thick, aod wagliog 0.30.4 g Each prepemtion was asached
along Lhe udes 1n & amall plastre {frame 30 2 to e & unikorm koad ovor the e
wuface. The changes of length 10 the kogptudindd aos of the crculsr muscke b
were recorded by an ootosc pen w th & Soad of 3 g and whh a rave of 1 10 The
muscls coat was thickest towards the baser curvane side, and tho was allowad &

thick preparktxes Rach mounted preparanon was mransferred (o aa og@
sotatog 40 ml Tyrode soduton with 0.1 per cent glucase at 38° C. Tha solutin 8
wnicd with 935 O, and 6.5 COp, whereby bt asuncd a pH of 715, T oot
preparaioes warn Bt treated for 20 mm wih dibenapioe at  concentration of
1 104 The Tyrode solution m al) orgun bathy was then changed. To werease the ot
of the dibenamine-treated oo carhachalime o 78 107
weas added. When, afley 1035 min the tone had reached a coastant kv, iy
peutralized sdrealow sohution was sdded, fn  concontratson of 2.3 107
W ooe uoteated and ww aoe dib bact treated p After I—
um, when Use cffect of adrenaline was distinct but ot murmal, the sdreaboe-gesied
preparatlons were remoned fram the organ beths and froeen i duluordichlomaihiod
{freon 12) contalning carbon dunde wnow at — 75 G
‘The preparatiom were dned rapsdly oo Flter paper weighed on a Mwos bt
and sounensed o wnall et tubes contmunng I ml woed 3 per cont acid. They
m&mbﬂnﬁgmz:dunh&twdammwcdumdl&cﬂnﬂuﬁkﬂu‘#ﬂﬂl
{manufactured by Janxz and K xx1) The extract wa (wice pit
Exﬁmlnn!tﬂ)l_:.ﬁa-hkhthedcumhmmmcbﬂkdm—’ﬂ'aw
amay was, 2 2 ruke, cared out the kallowing day
“The extracts were sutaved with the aid of L+ lacti acid dei drogeass (Bostxn et
o4 modsm Prizmaxen 20 Docs {1935 but with that modiScaton of the baffar X0
wlbﬂmmhmdium)hmudzdlomqwmﬂ
0.5 m! of the memnred extract was sdded to ﬂmwd!nﬂhﬁﬁﬁ
0.3 M ghyoes and 0.4 M bydrasme, pH 55 0.2 ml 0.027 \{ drphospbopy
nucleotide (DPY) lndDD’mlL(+/hﬂnlddd:hdrwmnx(2nwﬂﬂ’)'ﬂ”P‘°w
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Fig. 2. Rabbit socsach muscke, Tyrode
solion wh 01 % A, AL tho
fint arrow 15 10 ar
e o e st 03107
B carfier been
wreated G 30 min wik Abosiee
1 10~* At tha firxt arrow carbachofine
7.3 107 a1 the second s adrenal-
to 2.8 10~ C. The preparathon trested
wkh dibenarmice. At tha 13t amow aar
bacholine 2.5 10 st the second srrow,
005 M rocknm carbocmts at the third
adrenaine

arow 13 107

per 1 ml) A blind test in which 3 per cent perchloric acd was silwstuted for the o
tract waa carrhed out m another cavette. FollowIng incubation for 60 mm in & water
bath et 23 C,Lbnuﬂncﬂu]diﬁi:rm:lum:npnﬂl-" C\snddcnmntdin
thermetat-regulated Beckman oo dif-
Ermccnfﬂ.l-uquhﬂcmmulﬁlp)ll.(+)hnﬂ:(ml.qulmnn) As a con-
ol the lactie scid content was simultancously determined in & soluthon whach coo-
takoed

In repeatrd lactic add asays of a solution 2 Inown amoant of Isctare
the maxmrum yidd vaned between 102 and 107 per cmt. Zinc L{+) lactate sdded to
the extracty could be reeonael A comparkson betwern this aod other
methods for the determination of bactic acid will be pobluhed scparately

Raesalts

There are reports m the literature of numerous smooth muscle preparations
in which reversal has followed additlon of adrenolytic agents (for review ride
Bovzr and Bover Nrrm, 1948, p. 288) — Duplication of sach cxpermments
proved to be a formidable msk. A poaible muree of crror lay n the use of
acid adremaling salutions. Fig 1 shows that  pecudo” adrenalme-reversal was
induced in holated rablut ear after benryimidaraline and that the cfect may
have been atmibutable to the ackd solvent for adrenaline.

Fuxcnioorr (1959) however called ray atiennon to the fact that in cxperi-
mmuonh}hluimmﬁ'unnbhhmuncquhoulldrm;ﬂnc
reveral could be prodoced after dibensmine — even when adrenaline was
added in completely neutral solution.

It is evident from Fig 2 A that adrenaline at a concentranoa of 2.5 10—
contracted rabbet stomach muscle and that thes effect way added to the Like
woe contractile action of carbacholine 1n & concentranon of 75 10— When
trested with dibenamune m a concentration of 10— for 20 mun, carbachaline
cootracted muscle was relaved by adrenaline (Fig 2 B)

The effect of adrenaline on the Iactic acd coatent of the preparations
thown in Table L Wth contraction of the muscle by adrenaline, the lactc

lcﬂcmmbsd.lﬂulhzmmcmmlﬁmmmgpalmlb-uﬂ-
or 25 per cent. In the dib holl

parations the lactic
ncdunxcnl\uls7mgpac:ntnnd&h:£nauwnnaad:mum4.2m8

per ceat.
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Takie 1 Efuct of sdrcnsiine va the lactic aod contest of muscls strnps from rebbit clomack.
Lactxc acid content tn mg v coni
A~ pamber of (s P = probakulsy that the €ffext was dos to chante,

Lifect 0a tone Contral Increase ater  Curbachollne  [ncrcase sl
adrenaliog + dibosmme  adremaline

Contracthan { = 28) 8lx17 10416 - -
- p<om - -

Inhibhijon (o = 14) - - 187423 [ E-DF
- - — p<usy

It was possble, as it had earlier been with other amooth muscle (Mama
Luxouorst 1933 1957) to block the post-dibenamine relaxng effect of ad-
renaline by means of glycolyus-inhibitng substances such as sodium fuande
(0.008 M) and glyccraldehyde (008 M) — The relaxang action of sdrenaloe
was als0 inhibited by sodium carbonate at a coneentration of © 005 M (Fig 20)

Stomach muscle which had been contracted by carbachole ar dibenamme
plus carbacholine was alio relaxed by lactic acd. The threshold concntrs-
non for thu relaxing effect was 000035 M. The lactic acld coatent of the
bath coincldently rose by 5 mg per cent. — Earlier expenments (Moma
Luronoru 1953) had shown, however that the increase of the hctic sdd
content m the muxcle on sddstion of lactic acid was only 20—30 per ot
of that in the bath. Thee data suggested, therefore, that the adrenaline
.!nduccdnugmmuuonofhmcaddmlhummdchmofwahmgmmdﬂ"
to prauppese a relanng effect.

The above reoults testify 1o the very close comrelation between adrepalines
relaong effect and i effect on the carbohydrate metabolism,

Discusalon
At the concentration employed, dibenamine blocked selectively the ot
tractile effect of adrenaline on stomach musce without mfuencing the Lieti
aad-stumulating action, while, concomitantly a reversal of adrenshne 5 offect
Toxzama v ok \

Ak P of s wrveral b that, pekor to diber
amine adrenaline sumulated both the contractile mechanism and the cabe
bollxn, but that its o effect ob d the relaxng et

hydmte

of the lactic acid prodection. When, however the contracting eifect had bee
seloctrvely blocked by dibenamme, the lactic acd-stmmulaung and rehasiod
action became appar Ths L In with the hypothes
for adrenaline revenal formulated by DaLe (1906) Accordmy 1o Davs ther®
a&stmoﬂmxofldrmaxicrctep&nnmmm\hmmdqaf“m‘b‘w
atatory © blocked by sdrenergic blocking agents unmaskmy the
mhibstory receptors.
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Borasoes and coworkers (BULoring 1960 Axrimox, Burnixe and Birsuxa
1961) bave p d addi 1 experi 1 evadence of the correlanon be
tween adrenafine s relaxing schon and 1ts cffect on the carbohydrate metabo-
Tsm. According to BOLsawis, however it b the mcreased encrgy production
amociated wth stimulation of the aarbohydrate metabalism that has an 1m~

mlhhv{cw(Aan.BmmdBuuml%l)
Ith,uth:mzmngpoﬁﬂcwumwhhmmw\hnhcmmn-

hion of the carbohydrate bolim produces ton via an
cuergy prod of an ed lacne acd prod or alternan ely
vis an miko hanbm, Conflicting with BOumaxa’y mterpeeration, how

ever 1 the fact that adrenaline relaxes smooth muscle which has been com-
petely depolamed by K,SO (Evam, Scinip and Trmerr 1958) and
winch the sochum parnp can hardly be operathve.

The mereased sodom elimmation afier adrenafine can pomibly be regarded

ua X of haghtened jon of lactic acid from the muscle.
Accordmg to Swaas (1958 p. 143) it would scem that organic aads can
pam through the cell 1y oaly in an undisociated state. Henee it b

ot unhkdyxhuwhh\amedhmcmdpmducﬂonm:m‘mc
lactate fa released from the cell as sodumn Jactate — a phenomenon which
could accoumt for the increased sodium etomination.

1 aca graschi for the technical wmance of Mr \aoow v fuos. Fiosaclal mpport his bees
Phen by the Suedish Methal Rescarch Counal
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The Panse During Contracton
in the Discharge of the Spindle Affcrents from Primary
End Organs in Cat Extensor Muscles
1

Racax Guawr and J P vax pxx Meprioe
Reomed 30 \osember 1961

Abstract

§
¥
¥
H
!

hge madieafirms from pamary ead ‘posecs 1w kinds
of tormunaly, anc set derf ing from the nuclear bag of specal
fibxes, from purely muscular choct, so-called nuclear
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B. H. C, Marruaws (1933) who ducovered the pause i the docharge of
the muscle spindle allerents dunng contraction, aho gave it an explanatos

that has been generally ptec. Desplie ag the
pocoon of the muscle elongates 1 contraction and allows some shortenmg
{}~2 mm) of the fusal fibres. The fusal fibres of the gundle, bang

stuated in paralie]  are thereby unloaded and their atreteh receptons becooe
allenced, a5 had been antopated by Fovrow and PrSumam (1927—28) The,
no doubs, i a till valid generalization but what shall concern us bedow b bow
the primary end orgams are re-cxcited after & contraction or I other wards,
hov long the pause s and in what way the dixcharge recommences. In thy
reapect spindles vary a great deal and the question 13 what these vanaboa
suggest when they are reproducible and ndependent of gasmna, contol
In the past 1t scemed an unprofitable taik (o systemanze and try to explua
the vanauons alluded to because oo Fitle was known about spendic anstoery
This deficiency has now been remedied, lurgely owing to the work of Baz
and ho amocietes, asd of Bovn, work that way preceded by some paooett
studics of Svan. Coorse and lately confirmed by Swerr and Evvuao (rd
below) The now picture of the organzaticn of the muscle spmdic that ha
emerged from theae studics ks detaaled encugh for the fin¢ time to make a study
of the pause worth while. It wall be caner to follow the argumnenty of the prosent
paper of the salient features of spindic anatomy sre ghven already at tha siage.
1t has been known for a Joog thme, aod often confirmed, that there at
long and short spindles and abo that the wtrafuss] fibres of one and the g
spindle have different length and thackness {(ses ¢ g Smmrncoron 185
Cuajonco 1927 and summaries by Hiwxs and Towzx 1928, Bassex 154
Coorex 1960) New 1 the kuowledge that there are two kinds of wirale!
Stros, nuckear bag«(NB) and nuclear chain-{NG) Sbres, the Latter bong
sharter and thianer with nucler in chain, the former dentcal with the pocksr
bag-fibres knoen from the clamscal Hiterature, The new information o fowd
1 a note by Cooran and Daxare (1936) i papers by Baxxxx snd Co¥
(1960) Baxxxx and Gmuwas {1961) Barxux and IP (1961) peeceded by
prehminaryrcpom,uwcﬂumunumbuofbddmpﬂmby}bmugﬁ'
1958, 1959 196D 1961) and in two papers by Ssvarr and ELoaxp (19604 I
The Large-fibre afferents, previousty held to termaate a5 annulosprrsh I ¢
nuclear bag arc ot known also to dupatch hranches to the purcly W
I\C-ﬁbluuhmhuthchn;bnp.ﬂmmam!huzhmaﬂhwam‘*
formuatron from an NB elastic structire tm serics with muscular poles of 2o
mwuamnmcukmulu“d]uﬁnmlhﬂﬂpurdymmhrhc-ﬁ’;
and bence from two different structures uiu.aonmkﬁ::m
parallel’ with cne anotber The whole spindle pructure 1 ‘m parallel
mnﬁ:nlﬁbtuTbacuabmchmo}npalendmcIOmrﬂ‘ndeM;
1936, Borp 1953 1961) for differences in motar waervaon of NB- g
Mwﬂlngwlhemﬁndmpitbkgjnmllemdiﬁatﬂm
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‘mgclear bag  and uclear chain ~termumb of the pnmary afferents fram
mmcle spundles.

The new knowledge abo means that the term ‘nuclear bag-organ 1 too
restncted o docribe the primary ead orgam adequatedy nor can they be
alled ‘annulosprak became they are not atways provided with annulospiral
cudings. We have therefore retumed to Rurroa's {1897 1898—99) ahternative
torm prusery pufings. The sacmdery endings according to the sme recent suthors,
are chicfly found on the NC-fibrex but abio 1n the myotube reguon of the long
NB-fibres. None of them have terminals on the nuclear bag

The new & ledge makes 1t 1mp ve to ider known gundie proper
ties, among them the pause m the dicharge of the primames dunng contrac
tion. An cvaluabon of tha general mtuation (Guaxar) as well a3 detailed m-
formation will be found rommasmed 10 the Proceedmpgs of the Hong Kong
Sympomnm oa Afuscle Recrptory (to be eded by Baaxzz 1962}

Methods
In the present cxperiments cam were weerd, the majority of which were decerchiated
precaliicular muchon

but oftn merely otmervad on the screen st high sweep

The left Leg was dencrvated execpt for the medial and [aters! gastrocnemfos penoy
wiuch were used for strmalation at kuce level and in the decercbrate
The

experments groma cfferents were selectrvely blocked w th diirte Procaine
wlution ko the mamer of P B, C. MATTamws and Rusitworrn (1957 o, b, 1938) For
cocamination sylocaine (Hdocaine) wm ased

Results
Gencral remarls on the pexss The enwuing desenpinve seetions should be read
with two potnts of vicw 1 mind (i)lpunminl.h:dhd:.lr[thldmmmcln

that th spmdie s relatively too long
dmunmmmkmmdwuammcdwimmcmh
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takes for a spindle to become matched in kength with the latter () » thn
matching process imtiated by a phanc burst or not?

To (i) both gastrocnemius and solews spindles fall mtw two groups dearly
drtingushable in the extremes these are the short pause (SP) and the boag
pamse (LP) spindles (see «. g Fig 1) There b, of course, an arbitrary element
in these dobinctiom owing to border line cases. Actually however when the
muwcley ase propesly sireiched, from some 310 7 mm  there has been oo over
lap 1n our maternal which conusts of [1 LP and 10 SP-solewt spendles, 15
LP and 19 SP-gastrocnemius spindles, in all 55 analyzed at dufferent exten
u0ns out of 61 solated.

With double shocks, excepiionally three shocks, the average pause of the
LP-spindles in soleus was 310 mce, the range from 270 (0 340 miec for tae
SPspindles the average was 150 msex, the range 100 to 200 msec. In gastroc
nemius the average was 180 miec wath range from 130 to 300 ooee for LP
spundles valucs for SP-spmdles averaging 70 msec with range
from 40 to 110 meec. With ungle shocks, the LP-average for solan was 20
msec (range [70—320) thc SP average was 0 msec (range 56—130) for
gastrocnemlius the corraponding figuras were  LP<pindley 110 mmec (90—
200) SP spindles 60 mec (30—~83) In general, when the pawe is Jong, ¥
abso tends 10 be labie and influenced by muscle length and sumulus streegth
the shorter 11 33, the better reproducible despite vanations m exienoon of U
muscle and sumulus strength.

There was vne soleus spindle which in the begunung of the experpoent
clonged 1o the SP-category with a double-shock pause of 130 msec later #
soddenly changed type and the pawse lengthened to values around 300 mec
The others maintained thewr character except at extreme extensioss whes
some spindles Jout their early component and gave pauses of long durstod
In others the pause tended 1o thorten somew hat with extenmon (values b
3 mm extensoa not considered) the majority bang fardy stable. The 2l
given do not refer 1o extremes of extenson and cascs when this has bed 10 22
alieration of the duration of the pane.

The effect of sumulus strength, whether just maximal ar
proved 10 be of hide importance with SP-spindles, cven when bnef 15
\mmodwummmg‘mmﬁmmsP-qﬂndlﬂ'unthﬂw"
had mare defimte ‘ame copstants than LP-spndles though, in rapent ©
g:mml.:uuuon,ﬁcqumcymjghlcbangcwnhmdtmw‘mﬁ
tended to reume function. With the LPpmdies we were surprised 10 o
.numbu'oftbemmhxvchugﬁpumuuﬁhmpamnmdnhmﬂ-“_r
wh:nlh:ﬂmtpmodmcnnmsp‘mundm!hfpﬂﬂm&wl‘mmww
mhmmwwmmhﬂmp{w"%
bcumnﬂumcei\\ehatmwcmlhncdﬂammmflﬂwb'
mmm::bm&kwﬁﬂwtt&pmmmmdﬁmwr
(Marrasws 1933 Rurriex, Huvr and Quoitas 1951) recently
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Defore dentferentaion After deciferentaton '
PRITIHEI WAL OU SR N ST
d ¥
1
2l L 141_%}'!}\.”1
N
LR S B w1t Ramall (s A frowE Tt ot 5o
= T - | R F
P eriorneriiiPul BP vl -afORw s Ty T "wIm
e e 18 »
i
Fit. 1 Peassburbline-chlork

et I Twi pranacy ss'c:
wonslsied WMWWMW
zm«&(z 2) and 93 (3, ;ﬂm!phtw:;h‘m and 3 breame shors
braty mnhuéy {173 saned m"n-vz B b %éw
e et AR eteruon. The e
cunnon wett rooghly paeal, serchy salked by the teresbald Conr
mdMNllSdewmﬁ:’” shen

wabed by Hamvey and P B C. Marrusws (1961 «) does not entey mio cur
woanderstont. Very strong sumuli of looger duration than we ha e wed are
required (o demonrrate it More extension may be necemary wnth de<ferented
than vath intct ones to define ther

To (u) the pase tither ends with A pluale burs, ofien foliowed by & e
ondary pausc and a “ionie’ discharge, w ¢lw reronpton of xeuvity 1 “onle’
{rom the begmning We shall speak of phauc and wake spendles, sinee the
termy ‘dynanie and ‘wane dschargs have been defined with respect w fant
wrech {f harzr 1930 Hasvey and Marrioews 1961 #) There were 51 %,
phasc srodies m gavtrocoomius, hoce 49 % tonic 67 % phasic spundies In
sofens, beace 33 5 tomie. Thew figures refer to the total number of 61 spindbes
of which 37 were w gastromemba, 24 10 solan. The genmal wendency w foe
the SPapindies to be phasic and for the ione spodies to beloog m the LP
category The rule beld for all the gantrocnemba spindies, but & few LP
Wlammlnnhd.pha:mm&mmglhnb&vpmdh,m}ymd
o derms}, vhere was one o n grstroenemna {after ventral root sco-
ton) which had « ot pause (§P-spindle) The ather tome sndicy were all

LP«pmdn

of pauw and Bowale contraction,
mhmmdummqmmwmammm
by the falhng weight, showed that, with & couple of exceptions, all spindies
roponded phasically to che pull of the welght. For LPapndies the notoake
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2. Decrreheate soimal with good stretch reflex and spiadle response to (v of
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repeased
ot by gumma activation of epiodles. f~#, gradually bacreasing ofert locaine
m:dbd-w chectreder. In i Can-
ductoo  elocity of suks was 100 mfsee.

" values for the pavse alo tended to vary coasiderably few in duraton e
the lometric ones. A ks to be cxpecicd, the P and LP-character of a splodie
lem {n evsdepte with hotonic contractions when the pometnc pause »&

pause was short, the isotonic pause was Jonger or of much the ame ot
The main role of the krotame tests in thn wock has been o demoastrase (it
nearly all the spindies have been potenually capable of giving a dynan
resporoe to pull, and this finding adds cmpbans to the question of whr ®
many of these same spindles heve not been able to ropond phasically sfier
bometne coatraction.
Sewpler enclyced. Fig | ahows two spindlc alfereats whows priuny od
coguns by presure were kocabzed to the upper portion of the mudisl gsoc
nemuus muscle, The reults reported in Fig 1 wese obtauned both with juk
tmal and rupramaximal stimulus strength, The spadies were bn the 38€
(hin Alament and Arst recurded together Separaton proved pasble and 62
expenment was repeated by studying them alternately as m Fig 1 Records
1 and 3 belong to the fist spindie (phasic) a¢ 43 and 9.5 mm extezsion &
rpertrvely 2md4mthemndsp£mﬂe(mnic)uthcumawaﬁoﬂ&‘"
pame of the it spandic, which had tho hugher tircahiold (soc leged)
mdcﬂh*yxhonmcdbymmdingzbcmmdthJmm-mM'd‘
s of w2 sisnsually high onder The pause naw ended with 2 bussiol iopube!
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at the armning palnt of contracton. The scooadary paise, seen here, fs typscal
of the muonty of spindles with an early pbanc bunt. The second spmdle —
active even at zero length — always ded T

paux, however should be coomdeaed with reapect w the end of the cun-
traction. As xylocalne suecemrvely took effect from records 10 6, it in seen
that, in spite of a very large drop In ‘gamma blas  the length of the pane
changed but fittke, when measured in relation 1o the falling phase of contrac
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Fig ¢+ g 5
Fig + Decorebwase prepuration. Prusary efferent ending ia. lagd 2atd
crlenon, | metene’ (Vg 180 ) e P B g b
and yecord 3 alen. Dote persiaent Jony Dometre pane sod abwence of phask
e s batoede contoaction.
Fig. 3. Decorelware apimadized 2t Th X1 Primary afierent toding io wheat
-é;"gk,?dnubkdl a1 30 mm cxiension, 3 aod ¥, carrcapondang rocords st {2 o odcuies |

%il

won. Clearly the length of the pone was & propetty of the peripheral vt
ment, merely modulated by vanationt o ‘grouma buas

Fig 3 dlntrale for diffe two g &

~ SHevented) sartng to duchasge with typical phanc bunts fbllowed by 2 xx
Sudary pawe. As shwayr, some acenson of the muscle was oeedad 10 sevesl
phasic component (a3 expected bere m vier of the de-efforenision) For

'mnd}couthcnghx t ahould be noted that mn the upper record 7t
plane burs was emphasized by wing a uagle shock instead of a bacf tctans
Tha may be seen with & fst muscle like gastrocoemiva, The dow solous otén
required & double shock or beef tetanus 1o show up suedie properties of e
kngd nudied.

By contrast, Fig ﬂpmcnuaguuoa\cmhnlpmd.}ewhmhnﬂw‘
contracton {record #) could oot make phasic Record 2 gives the hometc
cqurvalent at the same length, When shufting from notonlc to sogretc o
trmeton masy spodies displayed very Tong pauses for the Gt fow ton wib
& ion. This tiow adj 15 not what s iatrsted i record 2 whick
hxdbempfmizdbymaﬂ‘mm&wmmndlmmnmn‘f
ils spundie was then attempted {record 3) And, though succenfal, 1o el
by the greatly increxsed rute of firing the dischasge still started e coaIr3
thon apd 15 8 toare Gugduon.

Fig BMMchmcnwﬂlumwuhtmmmawbnm“m‘:h'
mwmmdywn;mxmlth-wﬁ;‘”
mnﬂyphannh\ﬁﬁmmcmdslmd?(nnalzsnddwh}cdwd)u
cxteomon, Adding § o to the length of the sucle (reconds J 9 5 e
‘dwwmﬂm&&enwﬁkm;wﬂﬂwmmw




DOCHARGE OF APIXDLE AFFERINTE 239

45mm 70 mm
w o 4o or e I ”l], KN
15 ' leN! WM n'u‘l-— Tt
—_— T

— -

T A I]——~ T

25 }1—7 Falithy ‘

53 H - ! I@]hm‘ Bty T

l . o
173
a3l h—i— T Im:

~— . Ie
e

P & Decfierend Pronary afferet R

M tn0 excasions, m marked s Ggure. n mohuples of bwest valoe
o the kit o s by il from ‘Lmes, the ot Rwatheriboid
Dppaaon  ahic {1.0) shows somw Mlimg-in of the paume bt o shift of major phamc burst

contractian 1n 3, € and 3, to be pared w th ] and 2 ly Record 5

tia

s a repetingn of 4 The dacharge mow began when contraction was nearly

in the deugn of individual pindier ponciples
Thnmmlhbulﬂlmmmdbyﬂg_7m:lnd*(_ -
recorded with length-measuring device)  Strong spadie m‘n:cnc- g



240 RAGNAR GRANIT AND | P VAN DER MEULEN

11”/'”'1 i i !H!IHHHI‘.I
2“7'17 O Hi'f‘ !a“* T
T uwl Ll :m“: )

PR LR T 'w(,"gm""ImZn

1
“ /\w
tiin m ninn

2

i HItHIH S

‘mceded 1y account for the reAlt
3 mawfmd:.:m af:sdph*
[Ty Pl he somd dootpmon (L) 3

[

shortened the pause, if it be measured as duration of fall silence, by o=
rnrhmmxhtbcmnﬂn!inrwd&ButLb:bad:!cnglho(thtpaw&m’
herent in the spindle design uclar}ysc(oﬂ'ulburunml.dmdfml"‘“‘:
1 record 4 beginning m the same place there as 10 recoed 3 The pav®
motonic (active lath )hdwwnwbedcpcndmzmg;mi‘:
H’lfntﬁ:pﬂlrl.nd?whnhmubmdxcqulu}cntmzh!mdm‘u
‘:i::l\«:ntzl}ytln:isou:mxrn:n:«ordE’dm\mhownrum‘grgmumhi-uﬁt?"‘cmmc
,pmdklcng\hlhlﬁmgﬂhummum[m]mmdulmﬂhwﬂw
pmcmlmnﬂdcrlhlcnngcohba—taung,umnﬂudcd
xar and Mearox (1933)
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Mg[n-muhbnmymmxﬂuadngnmmucprmumd
mrﬁn&npmmm;\udnceuthcmummthnh:d}ypon[b\etopmh
explanations based oo spundle anatomy o far Fig 8 wall bave 10 suffice.
Thzqmdlcwuhtbcmﬂmdphascmpaxntmymrmxmlorl,
the Jaster ~— we believe = pot uncominon {n solens a3 1t has been seen fn our
matenal of 21 solew spmdles but not amony tha 34 gastroenemn spindley. Type
31 the toass gradie which anly excepsionally o of the SPvarlety wben mudied
over a range of extennons. The discharge 1 spindles of Type 7 need not
Decemanly stast at the turning point of contractaoa it may be shified dawn-
wards on the faling phase, but it serves 0o obviows parpose to make ssch
dhunctdoas In a dagram of tha sort.

Discusafon

Phasc tese MarTiows (1933) in discomang the propecums of
endings with respect to sudden stretch, polsted out that the imbal bunt of
undderwent rapid adaptation and axsibed thy o the mierachon of
the elatic nuclear bag with ity viieoan, contractile polar reglona. The bag
would respond o quick wretch by a quick extenmon but iz tenuon would
thereafier be relcard by the stcondary adjistment 10 the new Length of the
plixnt material in the voacmn poles. The wonial burst of inpalses and the e~
sationary aaie of the ‘sdapted discharge have been idenufied (Guaner 1935,
Janzx and ¥ B C Marmumws 1961) with hoarz ¢ (1950) dynamic and stati
phase of the termuml (generaor) potentad bn frog spindics, s mnce junfled
by the obecrvances of Lorors Nrcxotrs and Rxpraaan (1960} on sombsr
terminal potentiads in the spuauliex of the cat It u of comdderable interest to
note that the dymamic phase & abeent in direct elecineal stumulaton of eat
spandles (Lerrorn Naczous and Rxnrrans 1960)
The hypothess of Matrrsws should to-day be confronted with tha fact,
fret noted by Coorzx (1935 publabed wn full 1961) and then coafirmed by
Lowoaore and Woosmy (1960) Haxvey and P B C. “Marruaws (1961 )
and BrmoU and Lavosrs (1962} that secondary endingy, which are ratricted
mhcmuﬂnﬂﬁhummw(wmhp,mx\uyhd‘mn
f any phmk epome to strerch, Only primary endmgs have both NB- aod
h&m&k(whu&ehxgcﬁhn&omh:ﬂnapﬂupmmmm
Irom rods snd cones) W b ¢ thercfore cogent reasons S modifylng Mar
THEw1 hypotheus to include thae facte At the moment it merely states thar
the phanc burst on comaton of contracton is & respome from the NBcome
pmmnmmo&ﬁui\mmnmlhulh:dnwmmmwh
likety 10 bo & exporae from the NC-component. Jaxuex and P B. ¢ Mar
THRWS (1961) w;mmnmmnm“mmw
ﬂﬂnmm:md‘d)mmkmdm&cmdvuyormmmmww
gmmknl,hr:sphimdlhnm;-mﬂxl}mhudnqulmm
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h:cpmgmlhuhatwchmwfmmo(hcrmorpmwﬁmitparucmm-
ducers for phasc and tonic responses.
I.ctumwscewhnnhypoxhdaonmchhnuandnﬂrwﬁndjnax
Spandles are known to vary with respect to relatrve number of NB- and NC-
ﬁ]xa.BAxxndemum(lQGl)reponﬁ'nmmmtbuh:chB-ﬁhu
and from sar to agh! small NC-fibres in different sprodies. Tho NC-fibees whick
are about half the length of the NB-fibres drvide somewhat, twist among them-
sclves and croes over the large fibres. If the NB-fbres of & pven spandle are
few m number and the NC-fibres many the slack will first be taken up by
the latter slow ‘tomc sructure and the dicharge will be tome. Our reslin
suggest that basic spindls devign suffices to explain the differentiatioa described
m the present work. The ph ofa dary pause in phasic
spindles, followed by a tonic discharge, suggests a change-over from \B- ©
NC-termizals and makes st necemary seriowsly to consider the pomibelity that
the NB-component never may be able to respond tomcally The present results
cannot, of courte, be conclumve on ths powt. The hypothens abo provds
a samfactory explanation for the cases in which at great extennons spudka
lose their phasic response. The onc case m which a perdectly good spindls {In
an anmal useful for several hours afterwards) bost 1ts phauc component and
merely responded tonically may be due to selective loas of buas with respect
to NB- and NCHntrafisal musculature (¢f Jarazx and P B. C. Marrmow?
1961)

Leng paxss — short pewsa. The question of why hing of fisal to cxur
fusal length 1 ow Fast the relative leogth of
t ¢ spindle and not ouly whichever component rexpands finst, the NB- or the
C-ternunal apparatus. Single spindies in the rectus femorls of the at rary
m length from 24 to 137 mm while taodem spindles run up to 2.3 o
(Baxxrr and Ir 1961) OF the latter there n a significant number 21 % &
soleus, 44 i gastroonemius (SwerT and Eroxan 1960 «) In the mndan
spindles the intrafural NB-fibres rmm through from end to end of the whok
atructure. Unlew beavily biased by gamma actvation these are fikely w show
up a considerable number of LP-responses. The spindle in Fig 4 whch o
10 the 130tone test fuled to grve a phasc burat 1 likely to be & tandem spadle
Snnﬂnﬂyulccuuﬂkdythnwhm!hmmhngpuua\mddsmﬂdhm
v:munmthcmpo:mwmummhhkdywbcnundun.pmdk_’rhchnﬁ
pamc of the long spmdle may Bavour the dower NC-clements: One of the
monmihngmnclnﬂammthcpmmtm@alwlhulhﬂmﬂnmﬂu
were found among the LP-gmndles. -
Thclcngthufmcpmnclﬂumzldymuumm-geulmmw“
mmmhm(mtmm:mmmu)m“mam
hmmwNGmAmmmkmmh‘hﬁ
biliy that same spundles are Likely to poses fust motor fibras (GranT 0
priano and Warmaan 1959« & Rorxoox and Haase 1961) w»
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that the spmdle 15 co-coatracted and pulled up to » thorter length together
with the fusal fibres. As 2 cooweq the NB-fibres are ready to respoad
at an carly moment 1n the turmng point of coatraction. Thxs rescrvation doca
not copcern the prinaple of our explanation. It merely means that such
spindies are provaded with a kength comrecbon operatag 1n parallel with the
changes of length m the surrounding extrafusal tmue.

Our work oergmally began as an attempt to usc the dength of the pause as
an index of autogenttic gamma nkitafon. However this Loe soon proved

pred factor was pheral and inherent m the dewgn of the spndles
and thefr attachment to connecth o e, fasca or tendons. Against this back
ground possible mmor effects of autogenetic inhibiton could not be demoo-
strated by the index wed

The work kas been meppartcd by ths Swesfish Medical Rescarch Councl and the Rocke-
fcller Foumdaton.
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Stmal M t of Blood Flow,
Glomerular Flltration Rate and Urine Secretlon in the
Separato Kidnays of Anesthetized Rabhits

By
Marro B
Reochd 2 December 1961

Abstract
Baarcy, M. Smsdlanms mitcrament of Hood fuc  ploswralar Sliresan
L & amsthetized rabbur. Acte

acreton of substances. vasoconstriction, which frequently oc
s m rablle during procedure, was partly by
rescrpuoe. In 11 anestherized arlators

rowpect to hiood flow glomorular Gliration rate and wine fow

For studying the renal secrebon and metabolinm of hea 7y metals, It has been
found advaniageowst to make renal artery and von accesdble for measurement

and blood mmpling Thnruqdrumxghzlmamrumdﬁlﬂyp’otmdcd
ancstheus oo a untable lab y somvall Experi from

Y
mmxaxﬂommggmdchnnbﬂucmbcnmihbuhngbcmhmn,
bowever that anesthesia and surgical interference can dgnificantly alter renal

function.

16623015 dcta physsed. seand. Vol 35
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Earlier olxervations oa the rabbit kidney (Laaxx 1945 Wists and Mare
1938, Surmn 1958) have revealed deviations dunng ancsthesa with respect to
watsr ad2a hlood low and glomerular Even the Ietized expen-
mental mbixt can differ consdderably in these respects from the Intact mbbd
in the resting state. This b the reason why several workers (haPLax and
Surm 1933 Diexew and Hritem 1945, Fomsman 1947 and othen) have
stated that diuresls in the rabbit cecurs partly by moblluatea of mactne
glomerult and thereby mercased Gltration rate.

Bxop and Smora (1949) and Foxsre (1952) shor vd that, of the axpermen-
il cond do not produce renal wtion the rabbit kedoey deas
not differ in principle from the kidney 1n man, dog ete. In the rabbit kudney
b the tend 0 riction 15 strang and may even kad ©
oliguna, Neverthelens it scerm feaxible that m the ancrthetzed rabhit te
kidneys can be brought to a stable and reproducthle state 1 which they are
switable for experhments.

In order to determune the extent 1o which stabuility and reproducibility cm
be obtaned, renal blood flow glomerular fitranen rate and unme flow wae

1 rabbio h d with Nembutal and nitrow onde. The
rablnts had been subjected to lap y 10 arder to cath both urctess
and the left renal vein. Premedication with reserpine was given @ teduce U2

d to renat vasoc A 1n renal blood Bow and glome

between the two kudneys, by measuring the extraction and chearaoce of I
labelled diodrast and the clearance of creatnine (Kareax and Surm IS5
cszrson and Karzas 1953) in both kudneys during bevef succemsove penod
over scveral bouns

Methody

The experumental procedure was evolved in a farge mdwbm‘:
performed oa rabats of Belpan pant race, woghmg + © § kg The 11 apmas®
mwmbemtcd-mﬂncmhhcbtbtnhhuhmﬁﬂaﬂiﬁnmlbu‘r‘:?‘
to the surgreal procedure to be sitable test subyects. The requramnt

sccretsan of more than 0.1 ml per minute 1n cach kadocy and stable biood pross

ite retiahility and speed of rponse are documcd.

Surgud Frocriurs .
Outhedavb:'ﬁ:ﬂlbcctpamud:nhhummﬂ.)m(d'%
pedin, Pharmaca) subcutancounly Anesthesia was induced by intra erous "
o pontobarbital sodnm (embutal) and wee mantamed durog the Py
Inndfavuon of a mxture of 25 oy gen and 75, o
of “vembutal The ga and ar mixture was ghven at  mate
fine-calibred tube in & tracheal cananta.
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and collecting apparans.

The abdomen was oped and & mykon cathetr wis iscrted mio cach ureter with
the tip reaching up 0 the renal povie Tho ek remal vem was threaded rva the beft
Mmmm.w,mm-humm‘nummwmn

during  short penod. Pomtve balance of more than 2) mljky body wesght was pot
permutted.
Arrengranet of \lraranag oud Sempling Apperates

For amcment of the renal axtraction of deodrast, 1™ dabedled diodrast (about 50
#C/bour spensfic acmaty 0.1 mVmg diodrast) was infused inte the ngular an m
mach fashjon that the artenal concentration of diodrast was kept constant as far as
posmblc

The concrntravon of diodrast m artenes aod the renal  cine wa moanred with the
deteckon

detectors
bem than 0.3 ml of blood. The arteral concentraon of radisactn diodrast



the tme for colloction of
urine speconene. The dots abos  the abacios mdicase expermownial procedorty such oy myrtks

For measurements of cdearance, unne was collected from both kdoeys separatcy
poctions of 4 to 5 ml. Penods representing the collected partaos were marked by the
recorder The delay cauncd by the dead space 10 the catheters, renal peh o and urcen
was compensated by delaymg the perod marking ke the thne necemary to collect 0.5 28

’Coxxon and Comwar (1522) found that in the rabbet Audney the tobok,
ter and pehs contam on the merage 0 16 m! The olumce of the catheters s 83al

C: njected ooe hour before the clearance memurens
started 10 mlof 25  soluting were wpected

Samples of artcral blood, each of 0 5 ml, were collected 2 o 3 mes 1 cach boor
Hlood presure was regotered contmuctaly with the ad of & presmurc recepor {09¢
Schwartuer) coonecied to a moxsunng hoxdge (13 pe Ljuognrom;

All cgutranoms were made with an cght-channel loop asciliograph (v wacarders
Fig. 2 thows nypecal racmgy

The semples of trine were dil ted to 5 oml and were frazen i palyisea o fodt 524
muimﬂtbtr-dmmmybaddm)cdm;hbrmnmunhwtmndﬁﬂx
louex The 1Y actrvaty wias measured m well crysial with & consant meamnsy d":‘,
ufimlﬁcrmiuwatcmchu:dwnhtbtmndud-dmuxdﬁrw
the detectore

The aratine copcentraton m unne and plumm was determuoed .cwdn;;‘
Bootos and Tarmay (1815 The error of method (coefBoent of armuon) in tbe
tests was 3.7 per cont. The :hnloundmplm-nm\nnimdmthcw"l
am ¢ for plssma cresgmune durmg the exp
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Caloadclion of clocroncy valuss
Thcfnﬂawm(p-nmamwmakubmdfmnﬂpa{odalndforhxhhdnqt
l)mmdwbmmhﬂmhmmnmmyuu
xt a3 equal to that In the beft Lidoey

Ap—Vp
Fo=—p%—

‘hmAn;nqumetconccnrl&mufdbdnlmulaulnndrm‘lmnbhod.
respecnely

) The renal biood flow REF

Up V

Ap Ep
where V 1 the urlne flow apd Up o the concentratsan of diodrastn unne. Up Vwas

obtaloed by detsrmunation of Up ¥ t (where 1 is the chearance period in munutes) in
the well aystal, Up V bemg computed by divison with &

3) Creatmine deanmee wis calcalated accardmy to
Uo ¥
Po
whers Po o the plasma conceniration of crestinine.

On the ban of determmanam of error of method and calculations which in part are

RBF =

Cor

comeponding  alue,
cent, smes 1y semate ofrocy here are of minar tmpoctascs (Brarre 1961}

Results
Gencrad sbservaisens

A dose of 01 mg of rescrpine 18 bours before the experiment in rabbats of
3.3 10 +.5 kg body weght sufficed a3 a rule to prevent oliguria due to renal
vasoconstriction and 1o heep the blood presure stable t aboat 70 mm Hy
for & loog time, provided that the blood volume wat mntained. Reserpine
treated rabluts were found 10 be semdove to lom of blood and flulds, sod
meticulon substituton of all lom was necemary These precausons aken 1t
was pomible In mast experments to maintaln stable hlood premure and diuresis
for stveral hours. Increase  renal blood flow and glomernlar filtranon rate
was readily produced by increasing the fluid wfodon or by expanding the
bloodntumcuhhinn-avmnd.eunn.

Infiason of ad Iine of uced oliguria 1n the
rescrpine-treated anlmah peodt
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snesthesla, The urine pH usually fell to about 5 dunng the fint 3 boen

In two rabbuts the CO content 1n the hlsod and the blood

dunng the expenment It was found that metabolic acsdos doveloped
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Tebie L Comparioar betuon ift exd right Kdugs with rspect o RBF GFR,
wrise fos ond werpld

Boperk Ronal nlghs REF aFR Lruoe flow
{prace) {ml/mla) {ml /) {wl, min}
™ 1 Right Left Right Come Lt Right Come Left  Right Como-
haoon latiom precoy
coofl. coctl cocff.
Left/ Left/ Lefy/
Right Righe Right
I 17 1m 72 K9 a7 20 L4 asi 4l Q15 088
1 N2 195 263 262 0% 48 S0 09 Il Q12 056
307 1 193 20 o g4 12 092 Q3 051 083
T am als 48 183 oo 22 27 08+ 030 037 0%
5 143 144 205 79 09l 40 46 081 0P Q4 0%
6 152 141 649 617 o095 78 &3 Q™ 03 046 09
7 138 125 07 NI 098 45 A6 Q% &M Q19 o7
B 126 IL6 142 173 094 34 4B QS 019 02 098
9 140 129 178 176 o7 33 33 Q% I8 QI8 098
0 123 110 34 WS 08 71 70 Q17 034 Q3 0%0
11 105 106 169 192 09 %0 33 Q98 Q4 00 0%
Moan valug G aogle cocficknt of 094 — o -~ on
regroon
Vessremnts

extrachon by infuson of adrenaline (1—20 wg/min) noradremaline (1—20
ug/min) or petultrm (1—500 mU) mtra mnowmly so long as duress continved.

Renal arxletwn. In Fig. 4 the fiow of blood in the left kidney fs illuatrated,
The scale on the ordinate represents the devmuon in per cent from the mean
value, which 1 stated 10 the column marked RBF

Stong correlation was found between blood flow amations m the rght and,
the kft kidney (Table I) In no casc was any difference observed betwern the
ndncys with respect 0 durection of changes in blood fiow On a erage the
nght lodoey bad 20 per cent greater blood fow than the left kadney Tha
difference was sigmficant. On the other hand, the left kidney almost
1o -ariably the heavier of the two. -

Glowmlar filratwa e In Fig 4 the glomerular filtranon rate i cxprased
LuLbcumemuuthebloodﬂau i e, in per cent of the mean value. The

betw. in fil in the two kdneys was hugh o a
ru.\e(T;hlcl) In exp. 10 the varianons 1n glomerular filtranon rate did not
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exceed the aror of Filtration was ugnificantly greater m the
right 1han 1n the left kedney

“Filtration fractn  Analyus showed i most cxperuments strong conrelato
between vanations 1n blood flow and fltraton rate m the keft Kidney mplyng
that the filtravon fracuon was comstant throughout. The rato of GFR 1o
RPBF (Fig ) vaned widely from expenment to experunent.

Unse poc The urme flow 1 the Jefi kudney is hkewnse stated jo Fig 4. Itk
scen that the values often -aned independently of RBF and GFR. Dutmct
mutuality of vanaton betwees (he nght and the Ief Kidney was also present
with repect to wrme fow (Table I) the nght kidney showmg sgruficanty
higher vatues.

Discussion

The experin ! observations ind d that, in preparations such x thoe
dacribed, the renal blood flow glomerular filtration rate and urine fosw can
be Xept fairly stable for long penods. It would alo scem possble to
v 0 adl three fi by smmple w3, such a3 espanding o
dunmnhlung the blood volume or the extracllular Auid space by infisca of
ks flund. In these vansuons, renal blood flow and glamerular filtraton A
are correlated. Between the ex] | prep no fi diffe
with repect to the mentaned propertics were observed. N\or need differenat
between the tho kidoevs as regards sanatons m urine fow  blood fiow a4
gk lar filtration rate be reckoned with Therefore, unks ad antageus
for other reasoms, it b superflvous to cathetenze the urcters scparately Come
quemly such preparatons would seem to be mntahle for
studics, provaded that the pomible effects of anenbens on tobular funcixn 82
taken into conuderation,

The strong correlanon between renal blood fow snd glomenular filrana®
fate in the indnidual experiments was 1n good conformty with obsenats
described by Fonsrza (1947 Dicxes and Herres (1948) Scaiou (1942)
Laaxx (1943) Thee wnters found that ereased dizroan was
by increanng glomerular filtration and renal blood flow Later studics by Bae0
and Smota (194 Fomstzz (1952) and Jowrmox and Kauas (1953,
howed these findings ¢ be anribumble 10 the Got that the ldncys »&t
tially 10 & state of asocomstnction and proceeded to asodilauon 1 FEPE
1o fud loschng

Tberdaﬂwmuncydgbeﬁ]umfmammlhcwpuutdw‘;‘;:
oflbcpxﬂml:mdngguulhuﬂucuuuzmmzhcrmdbhodﬂm'wh
mxnuumumpmdem]yhychmgumdtmnunmm‘h“km
mpp})mgthegiomrruthcimﬂngmuuuhry d‘mw‘mﬁm
hdnmdnchprepannonuthrapocwalwdﬂowmdghma-nh! jors
“wmmlomfwa@uﬂmimdwmwm

humora} regulaticn.
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The testz did not reveal much about tubnlar funcoen in the experbmental
nbhu.sinccthcqumdtyuflhcuﬂmrddndm!mﬁrbduwth:nbhu
Tm -~ maxatoal rate of tubalar transfer — foc dsodrast, only Jarge fuctuatoss
in tabular funcnon could be reflected a3 changes i the extracnon of dudoest.
The cause of the trend towards d Jon of dwdrast cthon oy d
dunng the experiments could not be clucdated. Bemasrmon o oL (1939)
found a corraponding trend 1 hman sobects. They attrbuted the to the
fact that the content of the diodrast in the blood cclls rose durng the njnal
hours of a connnnos thodrast infineon reguiated %0 a3 to muntam & coastant
arterfal eoncentration. Lasss (1943) foord no corresponding increase of dio-
dratt In rabb t blood cells In the prasnt expenments, W0, Bo elovation of
duodeast content In blood eells was chaerved whith could explun the all in
drodrast ction. Of other ble cxplanations, sphtting of I away
from the dodrst molecula could be regected, as no agnificant rne fo the I#
content of the thyrodd coudd be donoaatrated.
Clear differencer were found betueen the Jeft and the right Jndoey wath
repect to weight, blood flow glomerntar filtration rate and unne flow with
lower values for the left kidney These dherepances might concevably have
bern due to difl ar to the catheterization of the left renal .
A xearch of the hierature yiclded no endence that mch differences between
the Xidneyy exint in noroml rabbin. Sce T fumd no corresponding welght
difference between the Kdneyt of control rabbits of the ame breed and ore,
the oheerved d des in the ! anmals would serm to ha e
been a product of the experimental condinons. [t seerns unlikely that the kower
values in the left kidney weoe amibatable to ramed “enous presure produced
by the catheter m the resal veln, unce the aatheter occupied oaly & munor
m&hm-mmmmmmmmm
uncuon by untuon of the vemel walls.
The adaunistcred dose of reserpuic (03 mg 18—20 hours before the experi-
mmt) did not seem completely o block the canstrctar action of the adrencrgic
fbres. The alums for glomerular filtranon rate and enal blood Bow were
lower than those reported by Baop and Smota (1943) Forrrex (1952) and
Jouruaox kod harras (1953) Red of the chal 1 rabbat
adrenal medulla by more than 90 per cent and tn penpheral grogla (such as
the supenor cervical, solar and infenor mescnterial) by 70 to 60 per cent
Sollau'\nqndmmbmuonnf(\lmgrucrpln:pcxkgd'body“dﬂn“udc
scribed by Mowcuows and Voor 1938) Abumonb—&nrmdl.hn\hgs.:“m
n:cdﬁnd\eprmntmmmn.mobmwmﬂmmpmﬂmmnycpcmnmu
that infumon of noradrenaline or adrenall duced
P P alguriy alio
mudmmhuuhngmmthlhcﬁndhgbrm
(1961} that in cau nfumon of adrenalme or After reserploe
raauncnt wmpearily ratora the aiocoostrictor
Tapome to sumulaton of

m
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Thbs im estigation was partly performed with apparais bought oa grants from “Siicken
Gustal och Tyra §s enmors mame  to the Inmtit te of Hygiene. A grant from  Reservationas
saget of the harollosla Institutet ks abo gratefully sl nowhodged.
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From the Department of Histology Univeruty of Gothenburg, Sweden

The Effect of Oxygen at High Pressure on the Histology
of the Central Nervous System and Sympathetic
and Endocrine Cells
By

J E. Epetabu and H. Récxamr
Recch ad 13 December 1961

Abstract

Eomoy, J E and H. Rocxast Th ofect of o5 pm o kigh presrs
Donpathatic amd ondacrine

Deior srmptoms of a paralytic nature developed [n some of the ran
of tho firet scrics after about 2 weeks. The symptams regressed duzing
the coatl had red after further 5 weeka.

and

imotigadon of the nervous nysem after 7 10 9 weeks
thowed no degencration. The ran of the sccond scries exhibited no
The o hgh arygen tenslon were
found to have an acthon oa the sympathetc nervows mystem resulting
1o an increased nre of the mucieohs of meurons of the stellate ganglioa
and the adrenal medulla. I both scna tscre was  decronse o the
woght of (he thymim, but the rrductsan was signibcant 1n the second
s oaly | wgrecment with earber nveasugaton  welght locrease
of the adrenals was foand (P - 0 0% for the first seriss) and hieto-
of the zom) fascculata. A weight increase of
wie obtained aho for the thyrokd. The

uncharged. Determunations

direct degroaratn acuon of OHP on the central
Denovs pysem. The observerd changes are characteristic for a sirew

fescm Homever the werght meroass of Lhe thyrokd s not typical
for wrts and may be an cxpremscn of  speaific OHP effect.
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anm:onhcdnmaﬂcwnuruxygmum\ghmc(oﬂﬂmthc
n«v‘mniynnn,hhubcmdﬂﬁadkmuﬂ)mob-nwe,umtm«m&h
hrtopathological heuls, any changey m the central nervoas sy
tem (CNS) of anumals exposed 1o 1t. Indeed, it has been suggested that the ac
ton of OHP on the C\S may be eanrch functional (Beay 1945 & and b for
ref) On the other hand, 1t has been found by Bonr and Beax (1942) Beax
and Sieormiep (1943) and Brax and Warex (1943) that repeated exposure
10 OHP even in the abience of convalnons, may produce mare or Jeu per
manent alterauons 1a the funcoons of the CNS, Baaw (1943 b) has reparted
changes in the white matier of OHP animals showing motor dysfunction.

Like other Jaads of stress, exposure to OHP shows a particutarly pronomserd
cifert on the sympathetic nervous system (Beax 1956, Joroson and Beax 1957)
Data on the morphologreal correlates of thiy ecuon, however are eatirdy
lackmg

Cousdering the p } apph lviag the usc of oxygen at worotsed
Ppressure, the reports of permanent nervows changes appeanng w rats aven 8
the almence of convulirony deserve attention and should be studred furtber Its,
therefore, the aim of the present mvestigation to study puunly with morpho-
logiral methods, the nervous system of rats after repeated exposure to OHP i
whach convuhions ha ‘e been avoided a3 far as posshle. In arder to obtan 2
more complete pcture of the effects of OHP on the anumal body 2 mumber of
endocnine organs were studied 10 addmon.

Experimental

In 1he first senaa, 19 young male raws (Sprague Dawley ) waghis 190210 g a8 0
start of the cxpernenty, wer used. One amurmal showed an aouual semsitrvaty ton v
OHPMMHMWWEIMMMW‘JMWMW
this aoumal are not included 1 the resuline OF the remuning rass, 9 wero uecd 2 oo
trols and 9 were subjected to QHP treatmests The armals were placed, Jat & 426
in an uminated prosare chamber b iog  alume of 35 1 and proveded with Wk
Jor Inspectson from the outude. The chamber was first waghed w th pure oxyges for 3
Sunm perod, after which the preure war raued under contmuca  cotibatom &
period of 10 mun to & manmum of 6 aum absohute (ATA  This prosure wat i
for 7 to 10 min uoder -enfitation and waa reduced gradually over  pamd of (002t
to the atmosphen prewwre

The of COy was moderate oy thesc ey CO» P
dm}muﬂmbmmparuuﬂudn[l:hamba‘mﬁhumrmdﬂmmﬂkmﬂm:
Co.mmlbechmbamﬂbeSmmH(Qlﬁml(x),unmpbﬂlFﬂ":‘

mcxpoumwOHP-u.:ktmdnuwmc-mnmde&amtbr-hﬂ"ﬂ‘m
convulsoos, but seures could pot be  wded entxely To clunmar the a8

the presamt tooskderably s ahow by the grest mdondoal  amalulity 10 n
wards OHP as well x5 by Lhzindl"d.udruﬁ’unonecq;manwmhd;n‘
were gnen 2 daily oreatments, 51 2 dy week for 7 10 9 weeks (oavubiont prard
with a0 & cn:tﬁtqucncyd5pncm:.uuﬂydm;hcpm‘d
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The woghts of the ankmals were with the w curves far the coamrobs and
s e i e
h&mmﬂkﬂqﬁmmﬁapnimmmmh‘muuudmthem
»xy hﬂﬁrllhxl:rpcrnﬂdﬂ.m“wcch) The a tfage incdence of coa ulnos
2 11 per cent In thh serien,
Mhmhdlhenpumu,mgmlmahhmlﬂkdmtbndxydhrlbdlul
freatment by decaputasion after ether ancrthena, The huvgs were

2 tbe tyrond were fined In Gvmabin, xod the pfntary m Zenker' fuld. Some of
ﬁtﬁrm&-&mdmmuﬁmlhccmuﬂwmami&mme-drmh
»ere feczesecoaned, the renaining material was paraffin embedded.
Freezeaectoned material was stalned with Sodan III In different combinatians.
For the CNY, the Lnl fast bhoo B of Krina Io combination with Suden 111 e
a2 aod Mownr 1960) was wsed for normal a0d degenerating mychin, m addtion
o 50l fox bluc B — pensodic acid Schiff — beematom b Adrenals were samed

ummmnkm&nrh-h&dmenmmu&th:m«pbum,b
1 overly lng part of the crrebral bemmpheres the poas and corebellum  and
the eervieal sl cord,
T paraffin embedded material, arious methods were employ ed. For the CNS (by po-
motor cortex, cerrhellar cortex and spomal cord) and for th stellate and o
L el plnslor ol 555) andt i ‘ﬁmﬁﬁ
e rext »,
oyl according o Praxs (1950)
of mucieolar gze wis carmed out oa steilate ganglon celh, on chromal

e
P8 of e ypethalarpusy oty methed of microcirsctions (Eeradu 1938)

Results

1“4lmmahnfmeﬂm.ma,;ughxpud»dcqmpmmmuufm:dthcm-
34 afier abous 2 weeks the mast baractersuc trat was & tendency towards

the Innd legs, particularty on & smooth support Other symproma,
mdicating C0\S damage, were absent. The obecrved fymptoms were varsable
“"“mglhfnznucckwucckmddmppmndcnmdylﬂcrzpa{odufwm(
8 werls from all rae. During the latier part of these 5 weeks a fifth rat ot
3homod light paraly e sugos of the ame nature. Hy perexciable Posteconvuhic
SWies, which lasted about a da ppeared 3 dmes. 1n a few cases, U e OIIP
Uetments emlicd i post-consulne dyspoea When this happencd (1o rgas
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Table L Bafy and ergan werghts 1n OHP beated reis
AMemn valoer £ £ E M.

| Controls o [ Exposed amimalt {n [Phe
road
Al
oxw
!hﬁal;-s-ww
Body weighte
nitua} { 158 ¢ 9 158 g ’
Fina} | aeg 9 g ?
Orgay woights
P gland [ 72 P 3 175 mg ]
Purortary 93 oy L} 100 mg L]
Adconak abwohaewnight (714 SE)mg 9 S31265mg 9 <46
Adrenah per 100 g | M1Ldsimg ] 156+ a8 oy 9 <%
Thyrod abactre woght 419~ 229 g 7 M4 40lmg T <08
Thyroid per 100 g 1162 Q0 g 7 5% 10Vmg 7 <4l
Thyaw S8 S6mg ] 3L mg 8
Tats 359¢ 5 iflg 5
Heast 1Hramg 7 145 £ 063y 3
Lop 149 % 0.08 my ® 139 = a0ty ’
Loa 153y 3 issg 5
Kadney g 3 263¢ 3
Sphec a5 g 4+ 0e7g s
Scracs 2, 4 weeks cxposare
¥ waght
Instral 3y 6 216g .
Final oy 5 my 6
Organ weghu
Adremaly slwlrcwoght 450 s M%my 6 S+ 2@tmg b <M
Adrenals per 100 g T 101 g 13 163 099 g ¢
Thysosd alecksc weight 344 = 220 g & 385 L 13 mg €
Thyroed per 100 g 1.9 =077 mg 3 122 - 07} o 6 ”
Thy o 4= my P PRI 5 F
Heart 1O mg 6 1.00 = ad3¢ &
Lungs L77 2 00S g I3 118~ 205¢ ¢

mﬂ“ﬂ’tmmpwdfa(ldlyfwlhclﬁ':acdmmllnlh:wcﬂﬂd‘m“'
there were po ugny of Iastiog paralyue ar hyperexduable stes

The fisst sentes showed no difference 10 body waght betuern lbtmﬂﬂ’”:
aod cxparmental groaps mﬂrcsa:ondnam.tbcapﬂlmullnwh‘m"
a slight wexght increats over that of thar controls (Table 1) There
ggmindh:umgthﬂlhccrponnuuﬂghlmwﬁnnnhgmuﬂhﬂhh
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Tabls IL Nuclw and wacieslor dimmter 1i2ts gfler cxpocery o OFHP (aeries 1} \ambers plcn
1 poracheris tndksats wanber of amoals and monber of Kaclei ot mudneli por anmal seipecinrly
Mowm wion £ 4 E AL

Comtrol Exposed aniauale Crnge P

A A %
TNeuoea! weckoll
Sicliner proglica I3 QM0 (&23) 2404 0037 (X2  +86 <000
Supoopals puckos 1240043 (625) 2IBLOLT (EB)  +35  Toekgm
Purkinje celle. 1104 0007 (525 LIS X008 (529) 4+ L5 Insign,
Chroucn e ceily of the
adrerml
Secd TITA QLS {6100) 753£013 (6100)  + 30 Iesgn
Kiackeat L6 4 0033 (6;23) 20830008 (&23) 181 <0o8i

Tho waght recordings of & number of orgam are grven m Table L It can
b‘mtbulhu:maﬂymghtmdmgunﬁamcbmgum}uuglmiban
“qhuunrmltdomwwmchtmd:mmﬁrm!h:mmuudl
unﬁu’mwpxﬁndmg:o{th:lunpthnththﬂcwmpkcdyﬁnefmmdb
’mhkiﬂkbohmlchangu.\immhuorpmundllhaucdundnn@d
‘nxhltlnlhcmunfﬂmthy'mm.thcmnuampcrcmtdmuxmungm
hhﬁfﬁmﬁ.muﬂuﬂyhmgulﬁam,bunhemndmudmued-
sigmficant decrease (P <. 0005) a5 1 rewlt of the OHP treatment.
An explanation for the difference among the two scrses raay be found in the
Hgher couvubian frequency 1n the sccond serics, xad in the fact that the ang.
vk bedongng to thus scries were younger at the tmue of sacrifice, grving rela.
Uvely bagher control valuer, The thyrosd and the adrenals show Incressed
‘Whh.‘nlhcﬁmm-iath:PvﬂuzhlmthmOmhbothmhmpm_
h"[“h‘ﬂﬁlheabohucwaghuorth:wqhnpcrmhbodyudxhtm
med. The werght of the thyroid showed a smaller inlgnificant meresse m the
3econd wriex, Materal for histologacat wvestigation of the thyrosd was takea
from this seres ouly Nuclear arre and the histalogleal picture
were unchanged in thi materal. The microscopéc examination of the adrenaly
indicated un rereased harmonal act ity The rona fasciculata was tuckened
A comparasmvely neh m bpeds samable with Sudan T1L In the adregal
medilly, of nuclear and nucleolar rlzes dicated & bypertrophy
bexpeaking an increaced activity (Table IT)

I view of carber reports of an awrophrc action of OHP oa mermatogenesis
(02063 by Avumma 1934) the teates were mvestigated hutotogucally \ning the
Fealgen reaction. Mo cvidence of any unpaurment of spermatogencsts , as found.

A investgation of the piruitary did not reveal any changes in
e proportlon berween the acidophile, basophils and ch hobes a5 Gar aa
Wbeadmn:dmbyxdﬂ)
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Table L. Body and ergan woghis ca OHP preted rals
AMea alucs & 8 EAL

Conarola 5 | Exposd soamalt |a [P
ral
dfier
e
Btk | 79 works crpoware
Body wemghts
Indtal 198 g 9 196 g 9
Frmag A g 9 uwig ]
Orgaa weighn
Pineal gland 161 mg 6 L78 mg [}

93 mg 8 100 mg [
Adrenalks sheclote welght | 471 4 189 mg 9 553 + 265 mg [ N 1]
Adterals per 100 g L 0SSy 9 136 £ 083 myg 3 <am
Thyrosd abmolize weght | 419 £ 239 mg 7 S4L40Tmg 7 A8
Thyrod per 100 x| 1L6+ 070 mg 7 MELL9mg 7 <AB

519 L S5y 3 8L mg 8
Testes 39y 5 g 3
Hart Cncany 7 115 = a0dg [
Lungs 149 & 008 my 9 1580005 9
Lier |13y s 155g 5
Fidoe Mg s 1y s
Splecn (Y7 4 067g s

| Series 7, 4 wedn exposze
werghty |

Lamal eI & 26¢g 6
Fioal 310g 5 my 5
Ocgan werglos
Adreoals abeolmts weght | 431 4+ 386 wg 6 Byr22ag 6 <Y
Adrooal per 100 g 147 = 101 g 3 1684+ 095mg 6
Thyrod atwolute weght| M o 220wy 6 M5iiSmg 6
Thyrad per 100 g 10207 wg 6 22:07log 6 -
Thymo 694 £ 3t mg 6 s [
Hesnt 109+ 003 g 6 LO8 - QD3¢ .
Limg 177 + 008 mg 6 L7903 005g ¢

ments were nterrupted for a day for the affected animal. In the wcond w0
there were no ngns of lastmg paralytic ar hyperexdiable state ;
The first series showed no dificrence 1n body ‘\ﬂsh‘b"“"md‘wd
and expermmental groups mthcmndﬂn.thtmmulmm““w
a sBght waght increase over that of thar controls (Table 1) Thae
mmdnrmgxhuth:a:pumruml‘;hxmwfnt“ﬁhsmﬁ‘lwm
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ton may occur (Bran 1945 b) but that rather severe exposures are required
(Brar, persanal comumunicanon) Clearly more work 18 needed for the elucida-
tion of this aspect of the actlon of OHP

It has been found that OHP exzriy a strmulatmg sction on the symphathetio
peavous syrtem (Brax 1945 a for ref.) whese maybe the mot siriking effect of
an mereased sympathetic tone 18 secn o an mhubated ina) perh

(Toows LH47) The findings of increased nuckeolar size mn neurvas of the stel-
fate ganghon, as 1 il a3 in the hamologous chromatfin el are thus n agree
ment with the vicw that the sympathenc yrtem was stimulated. (The grounds
for unng valucs on nuckar and nucleolar s as indicex of cell actraty rest oa
copincal observations rather than on an undentanding of what thos yper
wophy represents w1 chemical terms, However there scems to exst & general
sgreement that incrested pre i an expresaon of wcreased actmaty both with
cogard to the endocrine and the nervoua system, see Bomosuor 1950, Ecinren
1953, Mouxu 1934 and Enersox 1957 ) It would be of mierest, of coune,
tg determme whether hotologacal signs of increased actnity are to be found
eentrally perhaps at the preganglionic level, Jomaos and Braw (1957) con-
cluded, on the basis of pharmacological exp that OHP stimul
the sympathetic nervins systan and that ganghonic blocking agents reduced
convukaom as well 23 palmonary damage while papheral sympattucolytic
compounds dul not protect against the convulrons.

It 13 thus fikely that the mfluence of OHP on the adrenal cortex s wedmted
largely through the sympathenc nervous system and the adrenal medalle, Ity
1ncreased actrvity 10 tumn, would sthnalate tse peutary to an enhanced pro.
duction of ACTH. Tt 15 known fram earher workess that adyenal hypatrophy
octurs after OHP (Braw 1951 Bxaw and Jowxaox 1954) and this was con-
fimned In the present mvestigaton. Apart from the welght morease, one can
obeerve, histol Iy a thickening of the zona f Whether this zone
b depleted of stunable lipsds or not will depend wpon the kength of tme thag
has elapsed between expenme and moification. In our expenments, where
the ammals had become adapted to the treatments and were allowed to reat
overnight before they wer kulled, 8 Hpud-rach zone could be demonstrated. In
the anmmal that died after  convulmve  teck easly dunng the weatmaents,
\hnmﬁ-dmhuexﬂﬂmi-hwwmmkolmln:hkﬁpd;lthhmmn
that b respocas of the adrenal renlting from OHP cxpoture &t # part of the
Beneral semadaptancn syndrome, and it i possible that the strem-cvoked
Wmmmmmﬂmmhdm:ﬂ:ﬂdm
MMy(GwvmdNAnml%uud]uhmm
(Ml%LM‘MJM1mMm5m19§”mhﬁam'
mwwymmhmdummom Adrenal
coiony might ako owe (s therapeutc effects to the elnmination of adrenahine,
which tie eympron of OHP pomoning even in the absence of the
adrenal cortex (Bean and Jouxson 1955)

17623015 dets phymal sund. Vel 55
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Itis evident, however that the effects of hypophyscstamy ace more compler
methatwhichanbalmn'badmdwdnnlmumo{ACTHonly Grovaurx
and Povrop {1949) and Sanmi & oL (1960) found that the tyroid infleemes
tbcmyd‘thcmammfdhumgamwmygmumpm-
sure thyroxn sggravauay and surgicat oc chemi !
the viability Thmco:mngofzuughlinamcofdwthym:dmmzd'ﬂt
series s convequently of sz wterest. M thus o & repraentation of an loaear
m activity the reypome of the thyroid (o exposure o OHP paralleh that of the
wirens!, 4 it reacts In & manner reinforcing the harmfu) effects of OHP
Since the actviey of the adrena! corten and the shyrod are seaprocal (Haon
1933 for ref}) this would indicate alwo that the action of OHP b of & sperifc
character and not merely an untpeaific strew uguation.

The prosent work wak carriad out with the ald of  grant froem the Swedish Mamy W woskd

Michlgan and De B hoonmo for scrusisizlog the mumsenpé and corrocting the Engish st
Floally our tunks s dut 1o ke Inoseer Baronts end Mse Maxoarcra Heoes for cwrid
secbascal amivtance.
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Electrolyte Effect of Cardinc Glycosides on
Dog*s Heart Lung Preparation
By

N H Asnxoa
Rexefred 15 Deccmber 1961

Abstract

Axsssos, N H. Elactradyis ofect of i gy sades sm dag s oori-long
preperation. Acta phymol, seand. £962. 55 264—260 — The clectrolyte

Tota) concentratons of polzmiurs xnd sodfum were defos-
wined by fame photometry The radioact: 1y of plasma, beart lymph
and myotardiyd ramplo was & d by gamma sp A

4
et lom of potagnim from the mrvocard um was induced by the ghyco-
side but there was oot & cormapanding Jom of Uk This means that
botopic equillibrum wes not attarned 1 pute of an oquilibeation

winch has  relstively dow eachange rate. The changs i boart
Jymph were prinopally the same w3 10 plasms. Mo signficant chasges
of the sodium bebwre  due to the giveosds action was found.

In & previcus sudy (Arewoa 1962) the cffects of two rapid actng bestt
lycosdas, comvallatoxn xnd scetvl strophanthidin were studied on 4o
heart hung preparaton (HLP) One of the sain effocts of cardisc glycoskd
1 the mfluence on the clectralyte balance of difereat kinds of cells (¢ £
Cartroun and Hammuox 1931 Woop and Mox 1342 Saiataiasx 19553‘&)-
mmmmulumanmmorx}wpouniumh-ﬁmmcumh o
mmmdymwummcamdmmgx,mddnwnﬁ:J
relaion fo the pontve wnotropic effect and the toxic effect {prov
arthythms) and alo the nfluence of pH

264



LLECTROLYTE EFFECT OF CARDIAG GLYCOUDES 265

In rder to analyze further thry dectrotyte efiert, the movemest of “Kand
4\ hare been studsed in the HLP Flame photomorry (uwsed for analjls of
poc-.uummdwd;umcommrnnmplnmaintthmmnpapa)hu
been with notope technique 10 orter 1o get 3 conceplon Dot
only of net fluxes but also of umdirectional fluxcs and exhange rates

Methods

Excep fior the laotope techmque, the parthods are the mme a1 bn the previos paper
(Anrmoa 1962).

“The HLP waa labelled with &k (100—200 xC xs hQY) and in most experiments alo

with UNa (75—100 40 a2 NaCl) The total amount of potassum and sodium m the
radioacths ntredoced dd not b the ™
After an equlibranos bme of 6090 mm the heart 2 mjceted, The

uade uned wat

dyfienlt both to canmiat the lymph  ewel and to grt & good fow 1 it becaue of In
very mpall cahbee and the difficalty of sdentfymg it afier fockoon,
Alnsurannis of th radopactinty The “h sod “/Na actinty fn plasma, blood and fn

~ L ol — N
celt hn(““‘““T—l)

Cell Axll + Crudl ka I = NI

—0.69
Kl = op (—Wm) ®
Gl

m‘--m(&r sandard sample only contaknin uN )

L Couall = connds per miln of "N o chenncd I asd 11 a time
Call = couni per mua of MK In chammel 11 at timo 0, u o
‘(‘-‘J‘wk“—urrmhcm-u&xdmy

&)

)

between time 0 and time for aciuml counting
eudl = o6l coumt per tmn 10 chanae 1
T 172 =~ hall Lo thone for (e actuusl laotop at time for actual counting.

"The enthor i sadebicd to I G GRoTrR, ot cxpert mulacance i these expersments.



Mrvies
Fig. 1 Fgy
:gll Tdumﬂmw(xmle;ﬂhdchdn) -kmm(cnnnpu
X 10-+ Aand of ol WK
mm carches) Becam e -pnd&nﬂiﬁym(&rd-dnmx

in plagns, lndlﬂalqhu.h-dmw
H&L&rml of the of 4K in after o
change rpecific wctinty plasma Injectoon of convallasds,

An-dqrﬁ'mnﬂuu{\nnmu,wnccdunhdmynmndcmawuﬁx
1topes ured bave thort half lives,

Apmﬁ-mnwccumungm(s.n = Voumber of counts) It » pasibic & deter
mlmth:mmzopulnn“&‘\s—nﬂnmnwmmnxydl—s {Owanx and
Ummm,pamummmnm)n’nlmlmmmummedﬁxﬂay
sample i the wide open channel,

)o(a.m:-
Thcmuluu(thcﬂpcnmmnnhouvdcnmnnﬂyldkuepmcybdmd‘ﬂ
ﬁndmgzufdwﬂam:phommctrymdth:rmnuﬁ-umhmopcm-lyd:““h
mgudtupuu.mumcmcmmnon.ﬂmhmunrucdmntyplulu?ﬂm‘
Fig 1) After the admmutraton of the glycordds, the Sk concentiamon o
phnu;maummlysﬁghdylndmmmdymmnuwdwmmdn'lﬂc
mdxtmdyimrmxdthcmnlpmmummmmm‘h“d“
specific actvity of plasma decreases (1 . the ratio “Kjtotal K) The other
CYPCNMEND gave a dmular result (Fig 2) Compared to the vahia,
thcdccruxofq)cmﬁc-cuwtymdgumammll——wmm(POOI—-—CWJ')
und 8150 wmin (P < 0 001) after the snjecrion, but wa not agaificant 30—20
mn (P> 0 1) beforc and 1-10 mun (P > 0 1) after the inyection. One might
Lbador:crpeathc:pcaﬁ:mqa{myoa:dﬁnnm@'lmmm
inereass, and the anslymy of 30me scral myocardial samples tended to confirm
thy expectation. The concentration of “K 1n myocardial samples from the right
mdcmmmmmlorfocuwu(by9lndmww"’m??
trvely 2t 13— 20 mun after the ) and wasunchangedin two exp
n tcofthrndpotuucrmkmmpllmn.
'?:cﬁndmpﬂlumite‘hﬂm(opccqumhxmummtmﬂldi“{}hh‘h
sysem dunng the equilibranon tme. The results suggess that the glye
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mE4
3, Total = ’
P L fed circles), K =
COTRIE mia/y x opn €
drdu)rj n:f—:
of K (8, roiative open

acton mainly affected s compartment of in {tular noyocardial
which had not reached wotopic equilibnum and had a low speafic actvity m
splic of the rather bong equilibration tms (60-—00 mm) & ¢ the affected

Of the lymph experrmenty only one was entirely satafactory from a technical
Paint of view and the resatts fram this cxperiment arc Mllustrated in Fig 3 The
chauges of labelled and total potasnmm concentration in heart lymph wero
Princrpally the same as m plasma sfter injection of the heart glycosde.

Sodum

The plarma concentratzon of *Na and total sodmom did ot change sgoil
fcantly In three out of five ap the Na fon of plamma
tended to change 1n antiphase to total potarmum In plasma but this fnding
was not judged to be mgmficant (Table 1} The average change of total sodfum
; the pareentage of mdividual mimal levels, d to + 1 4 per cent
duting the firt 10-minute perod after the myccton and o ++ 07 per cent
lbmnﬁmln-.ﬁ.n—th:m;mionohhcglymd.c.

Table ] Prrmel changs of M5 comomiraium o plams hyfors and 4fkr wactn of the ghcaside
W [t hoart-lmy prcparaisens  spwels mevber of doiwrminatoms, Af i meme percasiel decusiven
T “caadral” valne ol trms of wiectm, ond P 15 probabllny of sigmbcancs (1-besd) thel the mact
ns do mat difer from the  comirel” Lobust

Befrn Afier 1qjectum, mm

M—10 1—10 n—20 1n1-—-% M —40 41—%

7 ] 3 5 3 4
—46 +13 —34 —54 —12
>0810 am—alo > 010 >qlo oe3—qato >010

wkE
!
-
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Discussion

Thccﬂfnctd'wdm:gb'umdaauatmnmﬂvmmnhnbemmmvdv
smdzcddmmgth:h:tdeude_lnrcdaﬂhfarmmpk,xmﬂmmh\c
-hmmlhnt.hegiycmiulctbybl.ochng‘h: acuve trangport while the
pmvcﬁmuenotxﬁu:md(:g ScaaTnuer 1953 Gryaw 1957) In
xmacles (o g }hjno]Qﬁs)xtmshwn\hntLbcmmndmmuf
pou.mumuumpprcscdbytbegiymﬂda.

Indmprucntxynunﬂla:wu-nalosd]mummnﬁnmwcmymnﬁun,
“hmhhmlgn:cmmtmLhtbcmuontyufuxﬂcrmporu(Lg ‘Woob and Mo
IMZBummuLLIQGO) Thuﬁndmglmg‘ht\ﬂldcpcndunnmndnm
hhxchbkx;hlh:mm:dtrlm'pwtd; The basic h and
nt:ofmd:ablnd:mgc&ccuttﬂlo(mmcunhmwn.mhxvnbcm}mmi

mﬂummofth:glyund:unth:rcdcdhumldbcdnmuinnhdrdm
used.
Innrdn-tucrphlnth:bdnvmu:dmpmxﬂmmdmdhnrvm
:t\b—ﬂ:mp;nmmtq‘nmﬁurtbcmyoﬂrdulpouniummpmpmdhl
prebumnary note (Awmsxoa 1961) The torm compartment w not wtended
nmﬂymmdmcmynmmmmﬂydmmawmhmmﬂyhmﬁﬂ
that there are two diffe rates of p hange. The proposed yysiem
)ﬂuldmmndcncnpdlyachanguhlcmpmmrmdmtw
Inth::bwanb;ngcnmlntkmmtcxpmmmhuhubcmm‘ﬂm
boto]i:eqbﬁlﬂmlmn‘uhlh:nhnlcmyocudnlpoumumwuﬁnmbﬂ:h@
umhtd_lntumaorthcptumzmnddthummthnﬂrnlwmmm
xt least, vwas far from equiliberum, and 1t 13 om ths slowly exchangeahle phse
:hxt&egfymnd:uumuruppmuimbemlmlydﬂmdpﬂww
h:nmvcm\nrdmmpon The concentration In the fast comypartment woakd
merease secondardly to a decrease 1n the alow one. The mtraeellular labeld
paudumtﬂlthmmmmnunumﬂymlhzmﬂnﬂmm
present resulty are explicable m terms of ths model. Both the rondts and the
model are m agreement with the results of Scrmemex (1936) who found tat
the myocardul potastum of frog heart exsted m two phases, and that oubam
uuﬁcdmmﬁhnmdpnmummmmmth:lb‘lymﬁ
\‘hﬂcth:flnmp‘n]nmtnnblngndﬁ'\:dy SmIm,Onrzmdnbm
tcunn (1961) have recently confirmed thesc results on the solated e
mhmm\vwnmd%n(lw)bundmm}ym‘wnﬁd‘
of"Kmmhtcdptxﬁncddoghanuucmlhﬂrmhdn‘lgpﬂ
mdm-dmmmmmmmx(mm’mwdow
cent of the toral) with a slower exchange rate. [o ther d they "
exclude the possbility of an inhomogenos p pool icludng
addtional small compartment exchangmg at a relatively slow rate.
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The Im cxtigation wia mipported by grants from the Smcduh \atkmal Amocmtlon againe
Heart and Chest Descaacs.
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Studies on the Effect of & Nitrate Compound on Arternl
Hemodynamics in Human Beings
By

I G Pomryt and B. Rupswarp
Recened 18 December 1981

Abstract
Poagh, 1 G and B. RupewALD Siwtics ea the fect o ireie oot
pond o arterial x heowan besags. Acta physel soaad-

Wbbodﬂ:owmdld\vum‘hﬂumam!wod(powcf)bhumn
bebphubcmmﬂbadwhham‘ndmmnw
steady stat ulndmudmmnpﬁmqvmmbenndrd
with methods based on cbeerratsons of mean flow oves 40

prncnbemcm;vcuwa{muowmpwndshzhanmdvmhrdhaﬂ
wmim@dmmmmmummww

Hoxwo Treay sad Gasxe (1961) \ﬁnmmcu:d!mtuorkmﬂ‘d‘h‘
dfwdmun@)mmmwhdoﬂmmmmdﬂlha!ﬁtwﬂm
rtssxlts,obw.ru:dm1;hc:1u,1;\yom'xecﬁ‘ccupmc\ucodbylh*’ﬂlb‘“‘":"‘""h"s
mwmapmmhﬁmmﬂmwsmm
presuppose bowever & steady wate — but actually e are dealing with 4
rapidly fluctuaung unsteady staie o

According 1o the clasncal theory mmddmbw%
vnsndﬂlumnofﬁwcwmw»mckmdanmawmww;‘;” .

wutkandlh:oxygmmquunenuofdmhunmmdc. Imprm‘l:\!’“:“‘"mgc
mbcducmmcﬁctthxtmybloodﬂmludmwcdqunmwﬁﬁw
extent a1 cardise work (Froner and Gara 1860) Hawo Treroury and

(1961) however found that xs soruc promure G, candisc ColP BE L
ﬁunlOmi.'rpcrmmforlﬂ»-ammm,
contral evels as the duatolic pressure ooy
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f:nf Diagram showbeg tie position of the catheser b the

In this connectlon it may be mentioned that Stan and Haxso (1961) mun-
tabn thar wly changes the bolixm of the heart muscle i such a

effiascncy
The differential pressure method described by Porgt and Rupgwaro (1961)
bas made ¢ passible 10 sty in an the bemodynamme effects of drugs at any
tnen moment of time. Here only an outline of the praaple involved will be
grea,
Mathod

Hemodynamic data oo the motion of Bood in the human awending aocta can be
erermined from mmndm o

by apecial
Premure tranaducer For technical detath xnd cakealation of daw see Porg¢ aad Rude-
™Ak (1961) sod Rodewald (1962
Resnfts

Vre have studied by thu method the effect of a nitrate compoand, | hydroxy-
22 bes (hydroxymethyl) butantrimtrate (Emrymt, Bokm) on asterssl hemo-
Hmemies in 7 casex. The types of case

£ gra Deagnoss

years
Mua ) Heart obarrsadon
Man - Heart obsens stion
Wora 50 Prcwdacantbomm claacmn
Maa 33 Hemiparow
Viowan » Parudoranthoma cladaus
Voonas 2] Orthamiy bypotcudon
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The patients were grven 3—10 mg Etrynit 1n ablet, which were resorbed
© the oral cavity 5 beequently senes of records of premure and differential
Promire were taken ac 2 mun interval In order 1o cbtain a steady siate in the
crealition the panents were allowed to rest fo 10 mu before the drug was
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Bosupnbsayssg

Adnumnamd_Dmnglhbpenod:h:mnﬂuwmmﬂk-!hw5pﬂ'm"
mwtwmnﬂhmﬂuﬁmmnod.uprS—SOm‘ .
Woiw.ndlhntbcdmg,_ ked “an dy state™ m the
shov by the figures ulustrating the effect of the drug Thu unsteady sac i
observed in all cases. frst e
T!:nsﬂndm‘mcnmthatﬂlcwdu;ourputm.yluamcdumsthﬂ n the
minuta, asd then decreases, with certain flucmanoar (Fig 2,3 4 7) b
mmthelnau]pmmmay;md:ﬂybczmdmni,dmmim'm
h;crmcd.,mdlh:n.onzhcwholc,ﬁlb(m 2547 mm‘“‘"ﬂm’"ﬂ‘
work may increase somewhat during the first few minutes. During the
munntes 3 marked decrease of the work 15 oheerved In these cases.
mblmdmmmwmuummmvﬂuoﬂm"“‘f:
.cadaubndmmgldmclnmﬂ&nmnhepakoftbeﬁcax““
maximum blood velocity increared considerably in case no. 26 and modcraiely
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Belf-Stimulation 1n the Gaat

By
Dis Prasoy
Recebved 20 December 1961

Abstract
Prxxssax, N Sq!/ua-hn-uthp—t.kuph,ﬂnnd.lgﬂi
ﬁlkm—\mhodudcnﬂxdwubuhmthﬂﬂ
kel m the goat, Perm L andunn edectrodes were
hnphnmmwmzhmhdlmnmmmdmlddluid::dc:

stmulation. Amphetamme was tested on selfaumulating
The drog increared the ammals urge for sclfstimulavon.

Sell-stimulation was it observed to occur 1 the rat by Orrs and Mz
xzn 1954 F—lua:odaum-czmphmedu‘mph:alu!hcﬂl"”h’m
Lbeanmhhmzcrcdmﬂlmnabnmxhaﬂtbfyhldm‘wry:
sumulste themsel v clectrically by prewng & bar mcxpu{mmulhﬂ““_
e e self f L were ob d m the variows part

brain tested.
umSmd:aofsdhumUhlwnhawhza--lmbcmmdcin!htG'bfm“
el (19%5) Rosexms (1938) and in the moakey by Bumsrev and Dria
(1958) Baapy (1958) and Luiv (1956)
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SLLF-CTIMULATION IX TIHE GOAT a7

Smccalcchmqunﬁrimphnuﬂonnfpcrmlnm!dccu'udumlhcgmtl
brain was developed 1 thrs Laboratory (Axprrusox Prrsiox and Strox 1960}
it seemed 10 be of interest to determune if self-stmulation could ako be ob-
tuned 1n this species. The present senics of cxpenments were made 1n order
wdndap.tcchmqucnnublcforulﬁnnnuhmnmgmumdnkomuudy
same featnres of selfstmulatien in tha speac.

Methods

mm‘mmﬂmmifm‘kquﬂmﬁiﬂ‘h-mm
wadion durmyg the eatre epenmental

The for fmplantation of platinum indnan clectrodss was earlier demcnbed
{Axneamoor of o 1960)

All were placed fn the hypothalamos oc m 3 clse 3cnity 1n 2 of tha
watt three electrodes were implanted wmtateeally aod i the other 2 animals 3 eec
trodes wore fint moplanted {nto the ke od of the hypothalamus, and then another 3

were placed b the commespooding panoaos of the rdght 8d  of the hypotha-

The pornon of the el des was d, firt by -2y of the
:ddlhe:nm]lnd,uhmmnapcrmnmﬁnhhad,byhu&wm

Asstsmcal contrel. When the experiments were fumbed the ammah were cnficed
#d thar beads were perfined first with Ringer  sotution and then with formaln. The
latrer

braum were fAxed m the and embedded m ecllosdin Serial tannase sectiom,

0 s ek, were mado through that part of the brain which had been the mte of the

dﬂ:mdmﬂ:e-c:da:\mmadapanﬂdmthtdrmudzu'uhudmlnodﬁd:
blae,

Techical ¢quipuncnt. Tho roocmy stable pen (16 12 m that was used for the slf.

by damped suare pulse coomant aurrent sumulator which was t 1o & frequency
o 30 uimufl per ser ad  puulac duratson of 3 mmec. Each time the anmal presed the
Peuch, the simulator generased & tram of pulss for  ume which could be  aned
betuoen 0722 § soc. The duration of each pulse tran was usially st o 10 sec.
Bore petting  pew tray of pulscs the anamal had & release the switch bar again,
:;:rdnhqn.u.hhmum.n continuous samuhs by kanig agazost

Recording of self sermulation frequency was oiade by Phulipe recordmg potentso-
2 (type FR 2210) conpected to  saurcasc gencrator gencransg one #op fr cach
Period. Alter 23 sepu, correxponding 10 the width of the recordig paper the
fencratar voltage seurped automatrally o zro
Pwmmmdmmmm-mmmhm

foc at Least oo week During tho tume they were placed i rooary seable
Ed‘hmmdnummhﬂmwmm.mmu«x

il
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\When the cloctroden had berm tested 0 tha vy the selfatimulanon exprto
‘mmmim.mmhmmdﬁﬂyumuavhhth:hrm@m\}ww
mm&wﬁmtmdhhﬂmwm‘mmm It

1 Lodufurn\numhmnun\ﬂmhad:umdcwumnmucd%ﬂﬂf'
e of the first week twgmlmmnuwmdu%wm

£

summbu.
Results

A, Axstomacal localtzation

i eletrodes were fmplanted vithun the aca of the hypothalezes S0
mﬂg1Atndllh[mn[thcdu:uodahldlbdf‘jPh“h°mmbnm
thnmmﬂlnlhxlametrmandmlumnxfomicudacmdcﬂlm‘k“M
highest rates of sclfsumuladon were obtauncd. Throe eloctrode wore 5
phmu:lmthzmndnlpanofthcmmﬂluyﬂ:?{ﬂﬂd‘h‘hw wod CL
Mm\mmn:ud%ummkw“mwl o
md(‘;[{{ngmxII—‘[‘abh:I-ndl“ls1)1‘\tu:nﬂﬂncp!.m:cl‘l‘.:ctnuadr
ltmwmpmmm:mpﬁld“mw(wn
CRmsNtI~mmhm‘A)“d“mMOdﬂmﬂ Jocatet
O o) part of the cerebral pedunele (goat IV) The mont 1™y



SELFSTIMULATION DN “HE GOAT o
Talis I Neaber f seffosit it wecs dearmg theris-m s

Gt Bec Symbol  Sumuls o of tems  Aewn vakuo x dard
b trode mA de anoa
1 AL [N 02 19 8Ly n

BL 1N 02 1 w13 )
a N ar 1 100422 ™
AR » 0z 10 32212 »
b » 02 10 H5L1a 3
>3 0 02 10 W7 20
u AL 4 ar + -2 n
B 4 [t 4 243 15 %
a. 4 o1 “ it 8 12
AR A [ 9 754 14 W
m A az ] mLis ®
[+ A a1 9 165+ 13 0
oA ) a3 10 12438 I
2 [} o 11 p-TENL] L1
G [ o3 ”» HILS 1t
w A v 07 [ 169 % 31 5
d v a7 L] 66 26 “
o v 07 4 M [~

Dac clectrodes arw mamed with fefters A correaponds to rostol, B middle sad O cusdal pod-
e Loand R reier 10 the poddisam ki sod sight to tse asdloe of the bram. The mmbols for
e Fettrialcs correspond t  those m Fig § A. The carreat o oct At comseant frequency of 30
womall por secomd aexd 2 e dursuon of 38 mece. | cach cate 30 sec plec rala was de
Inered when the il prewed  bar

slectrode (dectrode A in goat 11 — open  rcle in Fig 1 A) had o unm-
miated tip fust Iateral to the para entncular nuclens. At tho aie selfuimula-
o did not deveiop

B Gonral behasar

As itated above the anmmals lrarned in lesa than & week bow o recene the
$molus and soon obtuned stable selfstimulagon rates. Thewr urge for swlf
*mulailon was reflected 1o thar gencral behaviour dunng the expenments.
Tig when high rates of selfeumulanos  eve obtamed the goats were un-
MEcted by their dings and ¢ d lating themse! s wath high
\ntencuty for at Jeast an hour graduoally seilssimulation became more I egular
*od kew frequent At some  ketrode sita the sumnli seemed (0 be unpleaaant
*ad thos the rate of selfanmulanon  as bw (electrode CR 1 goat T — Table
“Mwmumummmuamm

Gaat 1 showed dunng the experuments a tendency to lick offered block
alt durmg the sumulus. The shoet Lasung tralns of sumuli may explain why




Fig. L Fi
» ﬂ\csmhl:pn'n&mpuﬂdmu
ute e, paramncters, 02 md, 50 e,
30 race, 3.0 acc traun, For mocwenclatare
0 S~ N trodes crnpare Table L.
* ” n W

noxﬁ.mznuryorozbcroompwuoudhcu“crcmmdmmgnﬂ-uhmhnu
mthcomauum;hSmhcﬂ'cmnmmuymuhmh:gupuk
tram were med

C&:ﬁunb&ﬁrmg/u%mldudwuﬁmngfﬁfcww

Wbmthcammakhndrachcdnublcn!un{sdf-simmhumlhcylm
1ulcdfurhalfmhournnnchdﬁcuvdcmmmm-cd‘y1wobumm
valuas of selfsumulaton (Table 1) \o electrode was tested moce thia ao
daﬂytndapauun{:l!uunn:homuumde:mul:m&hu’clcﬂmdt‘ﬂ
tested for selfshmulavon m the same snimal. The current was sct at (b
strengih that duning the previous uaming scemed to came the hughat rae
of seif-stmmulation. The amumals coald sart & 30 sec trun of pulsey and then
again had o prews the bar switch for more sumuli. On the bans of sumulatoo

the clectrodes coald be dnaded imto two relatnvely disoct groaps. In
ne group (filled symbols 1o Fig 1 A and Tahle {) the rate of sclf-stoaulase
llhi)jﬂttqicd?(ﬂparmpawd.TbcmnnnJucbrdwmnhﬂmm
via the most efficent electrode 1n this group was $H2 simulauoas per 4
penod. In some cxpenments rates as high as 400 were obtaned.

In the other group the rate .f sclfstunalavon was generally much btiow
200 and the respomsc was uregular (Fig 1 A and Table ] — unfilled symbolt/
Al electrodes 1n goat IV belonged to the Iatter group (Table I Obviow xiF
stmulation 1 tus goat was scen o develop only when the stimalus srengih
was as hugh a3 07 mA_

Vanston 1n the wtenuty of sclfsymulation dunng smgle ta penods were
also studicd The recorder made 11 posable to comn! the stumull asd anth2e
the datnbution 1 succesuve periods. The results obtained durmg such 1%
 goat [ are shown n Fig 2 Thzrmﬂunmmﬂum-ﬂlhtﬂhﬂ“m‘hw
nm;hmronndm.'dmguumnpmam:mmumpaﬂ‘h‘”!w
rates of seliumulation were btsned. The intemity of selisumulacn 3
decreased slightly throughout the enure penod. This decline seemed 1o
independent of the uon of the dlectrode ups.

Studies were ahopr(:adc dunng s o!zh:ubmmdmnnnmd&"mw
of the decreasmg intenaty of selfosumulanon that was observed in the
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o
Nk eE wmenw - S eieduved m

l:“mumnunnhnppa;uixndlhc rate of seligtmmulation was Jow
#1th the end of the three hour tests {Fig § A

To determine the jon an frequeney of sclfsnmulation at different
Srengih of current, tests were ade o which the current was increased during
x“‘ ten runates from 00 to 1 0 mA s Tlustrated in Fig 34, Band G
clectroder with podave response the optimal selfsunmultion rate way
sexnlly obtaned when current srength reached 02—03 mA. In some
tiectrodes & further increase bn current strength did not affeet the rato of sl
::n“hm“(ﬁi3A~dcmuchLmdlnF33C——dwmduB\ndC)
others & further current increase aduced the sclfammuulation rate (Fig 3 A
~ dectrode AL, Fg 3 B — clectrodes AR and BR) In such casal 3 cenian
:“m“punhhmm:mcdmbemnmmwnwmmﬁm
Femulation, and the expermment was not connued wp o 10 mA.

trge for simulation On the owher hand when the duranen of sumulin
iy was 30 sec the animals remained relat ey calm and the rie of st
U o 128 hugh and » th & sable frequency Thus for the furher ex
Prments & 30 sec duration of the pulse tran was wed.
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~ E%Lanmmum,muuﬁm. wadden mftch of mimmull from dectrodes ob e

lo tho right peevaously oaicgied "-tmmhp:rbd:mmrlndubyzlﬂw E ery pest

s Recording from the ssime gout the sbowing the simlariry of scfaoruderin
mubmummmmnﬁ.mmupiﬁnmh-;uhml

D Effwcts of « sudden change of siwulas tv the coniralaieral snicsied side of e
) pothalaweus

b,

In goat I and II three electrodes + ero implanted oa the keft wde and three
others in the correspondmng poution of the nght side of the hypothahmis-
Dunng the first weeks of self-stimulation eaperiments the response to clecineal
stumulation was carefully studied on one nde only (the left in goat I and e
right 1n goat IT) Dunng this time the electrodes of the contralateral xide wer®
not wed for any electrical stunulation. After these two weeks the rates of sif
stiulation on cach of the tested clectrodes had becomo suble. Then o B¢
ﬁﬁccnthd‘ylﬂcrthcbqlmunguf&cmmmkl}wlumu]mwum
changed t0 the virgin untested 1ide. In Fig 4 A are presented the reeor®
from the experiment 1n goat I The intenaty of selfaumulation at the rlrx*;u
side was of the same degree as on the previously tested nde The gradual
fn the intensity of the new nde was smilar to that observed during proionf®!

1 at any eff ‘ ic (Fig. 2)
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i

4
i

Fie. & A Derreax tn rao of

sclfimulation 1n 3 hour test and the efiert of amphetambne
(u:u,x i goat I} Arow indicates Imjection of amphetamine (Phencpromine,
N Ig hwt). Stswihe perameton, 0.3 mA, 50 s, 30 mee, 10 sce tran,
T:;:““hdwhcwmhpum was afser 30 min (arrow)
Mwwhd@mmmmmumF'.St\. ed lino
- Tae of aeif mimulation when the injecton was made. The unstrppler] fmes show

roult of oy with 1o Igertion. of amphetamme.

rml manner with thirty mnute tests. A comparoa between nght
o L side 1n goat T and II in Table 1 shows the resalts of this test. The
%Mwumbcmcmumnl:ddﬁmuhumupmuymm
Potienor electrodes 1n goat I and 1T may be doe to the fact that thar pontion
™4 ot sentical bilaterally (Fig 1 A)

Eq“‘f‘-}&tm-ﬁm

"‘nﬂnpmmmnwhh.mphcumm:wmmndnmmnhncﬂ‘mo[m
drog on the lntensity of seifumuatanoa. Fig 5 A shows the reslt of such
48 experrment. In thes case a three hour self-sumulation period preceded the

‘ated In another way In this ease the drug was mjected intravenously in the

nm“mum'.hep:c\m p bat after aself k pensod

“balfan hour galy The rate of selfettmulanon after the was markedly

blgher than that received during a normal period without ampbetamme injec

ul’“‘O“Chcmr-ﬁ:rlhelnu—at::u:-u:in‘;\:v:ti‘:m:nc-l'-.tr:apnl:.:m:-u:ml.l:n:ru.:.:,l'
had returned to the coatrol level (Fig 5 B)
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Discussion

The expermments reported here prove that It u pomible to obtam self
sumulaton in the goat. The part of the goat s hraln that was chesen for these
studics was the hypothalamus, In the rat, the anmal 1n which selfstmulation
fint was descnibed (Orps and Mowen 1934) a topographic localtzatian of the
vanous relfstimulation effects has been made (Orps, Travs and Scawore
1960) It was claimed that the structures that yielded behavioural reward upea
self stimulation in the rat were a dorsal system 1n the caudateseptal area, the
donalithalamiss and the tectum and a ventral system mainly located 1n the
medal forebruin bundle. These two systemd were connected m the regwa
of the antenor compusure. The dectrodes that were wed in the promt o
penmenty In goats were according to this nomenclature implanted in the
ventral system. High rates of self-stumulation were found when the electrode
tips were located between the mamillothalamic tract and columna formees
d dens in the pr {lary region of tho hypothalamns (Fig | A and B).
The proxinuty fo the medial forebran bundle makes it possible that the cur
rent invaded areas of this fiber system. However it can not be excluden that the
stunyl! of other hypothalamic structures may have been bnvolved in the
sclfatrmulation response.

The study of the nfluence of dufferent sireagth of current on the rate o
sclfatimulation alwo indicates the umportance of the poution of the clectrodes.
In the present material (Fig 3 A, B and C) nine electrodes were teated
three of these produced only shight self-stimulaton, but the other wx reached
nigh rates as the current was incressed to 0.2—0 3 mA. The further increase

current strength drvided the effective electrodey in two groups In three of
zhcdccuudutbcnwu{wlﬁmmuhmu\n:dcau:iug,mdmlbcmhﬂ
threo the rate was stable as the current was raived. The clectrodo ups ware
mthcﬁmgmuplocmcdinmm(hh;ghldfxﬁmuhmncﬂcchb‘ﬂ"m‘
current was increased mrmm\dmguwnu’c-ppu\:nﬂymnmmﬂiﬂ“i”!
a duorganization that lowered the rate of selfstimuletion (Fig 3 A — &<
trode AL and F'g 3 B — ckctrodes AR and BR) In casea where the rate of
sclf stimulation was unaffected by the increase n curreat, arcas were inohed
nﬂdllcmngiymenmmdadbylouwnhmmpuﬂﬂ-ﬂx@w
effects. Thus stable and high rates (Fig sn‘dmummfcm:

[ des B and C) of self- L v ere mai ed. The
duced a low effoct of selfstimulation as the current was raind
the mate of

pr
might have been placed m neutral areas. Furthermore, if
stimulation was immediately decreased with mereased currest, ﬂ-edcm“*:
mayhxv.’ebccnloalcdmanmmtuuncg:uvdyMK m\l\h‘
especially obvious in the nght caudal electrode m goat located ouf ;
hypozhahmminth:mtmarmcnmph;bn(ﬁg 1 A — open 3\qWare, ugh
\When the goats verc ohserved 1o sclfatimulation tests mcydc\tb?tdm
rates of selfstzmulation in the beginoing of the period, but the rate was
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o tne pased. One pomitahty for this fall 16 that the animals became satiated
bydtdecuiultdmuhﬂm.Thhﬁudmcmducmnlhcnnaln“hxb
mh&nmnuamu]tufnbuhuugarwud(()m]%&)

It was of intesest o study the offect of a ceatral pervous shmulant such as
lmphcnmnmmklf-mmuhnngnnmkmrﬂpcﬂtoﬂ:nmtq Sunce the
fate of self-stmnlation was b ed after the admint of the drug it 13
Mh!hndxlhrulmldﬁrmhmnuunncdhnmphﬁxmm
lﬂﬁtnqxdmcnu“hmnnud.dgndunpofcurrmtnnmadzm- virgin
Hﬂcdlhchy'pm%mlnnnadh:chzghnlan[ldﬁdmnh&muuob—
MThhmamwmdlumLhud':lf-mmuhnmunochubembdltup
mﬂzbnmn{m.mu]uo!ompnrdcuhrpxnoﬁhc revarding system” any
ther part of that system will mmedately respond with a hugh rate of self-
nunalation,
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An Automatic Bubble Flow Meter

By
Haw R. Urrewpanc and Inonar Voarie
Recrared 30 Jamsary 1962

Abstraet
Urrmag, H R and T VOGELER, Ax extosvaisc bibbls focs meiar

The bubble Bow meter 1 worthy of its good reputation for ghang valuss of
hugh reproducibulity (Jasmes 1957) and thus sevesal mmmmhn;
in the literature (Sotkov of of 1934 Duwre and Scunapr 942, Seexcer 194
BAUMGARTER of ol 1955 Nam and MiLioax 1959 Rocamuaxx 1961)

Thu paper descnibes an automane bubble flow meter with phototransisors
a3 detectors for the aur bubble

Descriptlon

The flow meter 8 butlt on a Perspex plate as ustrated in Fig ! ’ﬂmﬁ
has to paws through polyvmyl tubung with an inside dameter of 4 .
mmhk@tuammtmmmwmgmﬁmlm
The operating solenoid (8 i Fig | and $ 2 in Fig 2) compreucs  bicx 18
and an arr bubble 1 1njected into the streamung blood through 2 e (6
On decompresson of the latex tube air b sucked through another ¥
from the air bubble trap (7,

286
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Duning 1ts parage from the Injection pafns o the bubble trap the bubble &
reg d by two photod 1, 25 cm apart,

The detectors conust of 1w phototransisiors (OCP 71) which feed 3 botable
fip-flop errcult (nvo OC 44) through capaciiars (Fig 2) The fip-fop arcun
 awitched on when the arr bubble pases the fine phototramsiyor (3) and k
switched back when the bubble pases the second photatransetar (4)

The two switches m senes with the renstors R 8 and R 12 respectively male
it pondble 1o switch the firp-Bap arcuit by hand and thus start and stop the fuoe-
uon of the 8oy meter To the fup-flop crcwit a switch tranmtor (OC 76) &
conpected 10 operate a relay (S 1) for a trming arcuit, When the bobble paws
the Jast detector the air pump jects A new arr bubble. [Muminston for te
phototranuston n obtained from two rumature lamps (L1 and L2) wih
Dullt in Jenses (Philips 2.2 V 0 18 A} Only umple precautions need to be ke
10 screen the phototransutors from the light of the roam. In an unscreencd ot
apparatus a 60 Watr tungaten bulb had 1o be ar near as 30 am before any die
turbance occurred 1 the proper funciion of the circwst, With the rlme coasert
uted for the txpantve coupling even the slowat bubble rwitchar the armwt

The phototranststor v 1th 1t low crcmt and output mpedance b
an advantage over photoclements and phototubes 1n that 3t v few senptsye 0
external pickup

~ The fiow rautance i 0 03 mm Hg/mljmun.

A
Recording

The recarding of the blood flow through the flow meter can be made
soveral ways.

I The nmplest method 1 (0 lead mpubes from exther of the collectors of
the two OC 44 through a capacitor to an ECG-apparaima of smilas secorder
Am&numwmrbnwm\bcnmcwbubﬂcp;wmﬁmpbo»
detector and & second inversed spike appeans when the serond detector 8
passed. The tune interval betwtcnthzlv.’orp&numwumdlndﬂawﬂﬂl‘
culated from a calibration cunve (RaumGaRTNER of & 1933)

The relatron betucen the flaw and the passage tme of ane bubble &

L4 4}

F'T
where
F = blood flow ral per second
¥ =2 volume of blood between the (wo detector posnts, 7
1 = time for one bubble to paws between the (wo detector pdﬂﬂ‘mb
The cquation (1} grves after toganthmic trapsformation @

logF w logh — logt
rcprumﬂngn:\.rnighthncwuh the slope — 1
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0 » WO 00 wumm(/m
Blood flow

Tiom equation (1) grves a strasght line on log kot paper

L A nsiler method was used by Namt and Mouoax (1959) but they
:a'”“ilhﬂum:mxm-] between the njection and the arrival of the bubble

* The accuracy of this method may be influenced by the
%hbubblemudmm:mmampmu_

3 Nuor and Mriisoan (1959) aleo calculated the flow from the number of
:ﬂ“‘ recorded the blood presure In the flow meter system, and at
M‘”itcﬂun of every alr bubble a small premure impulse was séen on the re-

We regrtered the number of b bider and plotted the rault against the flow
""““nl-‘i! 3



290 IIANS X. ULFENDAHL AND IXGEMAR VOGELIR

The accuracy of the method o good and allowt the connection to a tacho~
meter The ume constant of the tachometer however must be high aod the
reacton to rapid changes in flow is slow

4 BavMaaxTrs 2 o (1933) et the first bubble start an ordinaie recorder
and the second bubble reset it With this method a reoproaal redauon b ob-
taned betneen flow and response. Desprie this recrprocal relatoe, this method
13 used 1in the present flow meter because of 1 mmplicity When there 3 oo
bubble between the two detectors the relay contacts shart arcut the capacrior
(C 6) m the wtegraing or tumng arcuit. When a bubble arnva at the fird
detector the charging of the capaator begins and continues untll the bublle
teaches the second detecior when the capanitor s discharged. The potennal
over the capactor o measured with a hughly sendinve murror
with a large renstance in senes. The time constant 18 chosen %o that oaly the
first (approximate) hinear part of the charge curve 1 wed. A calibratlon cune
useen in Fig 4 The slope of the curve deviates from that expected (cf equa-
uon (2)) probably due to the small difference o speed between the biood
ard the bubble (f BavnoaxmezR o o, 1935)

The bulding of the prarstus was apparted by a grast fram the B edul ationsd ot
00 agaunst Heart and Chest Drcasce,

~ Reforences

1 G cc.m.ndaJwmemm;imww*‘
enden Babic Flow-Mctcr Spws ik gos Ppssd 1355 261 75—
@usx, P R and C F Sanaor Quantath easarerenis of corebeal Liood fow o B4
macaque monkey dmy J Pi w1902 132 42143
Jowr %, Vergloch uod hnuk  cachscdeaer Dy boden. g A
. Plouad, 1957 24 108116,
\Mu.(.\\ and [ \ Muiroax, As euwmate recordog
Elutrowc 1939 ME-6 274—1 6.
Rocasuasy, W Lip Bubbie Flow Mewer o Ww.;:qumm:mﬂ e
tem Blasengeber Mgy kg Phyuel 1061 272, 283 o
Sxgcrmr E, E, An oprally ucud.uh;hbkﬁmvw.dapud&rmnmwf
blood fow J Leb cim Med 1543 3¢ 34630 e o
Soany, S, W S Panurand W ] Scwrz, The mBinencr of epocphnse spon exchang
gar between bood and muscke dmr 7 Py wl. 1VH. 108 107117

bublde ow et Fv T, Mok
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P_Lhﬂqm‘mmtd'l’hwc:mbtry Unbvernty of Lumd, Lund, Sweden

Plasma and Liver Lipids of Ethionine-Treated Rats
By
THosas OuveEcaoma
Rerctred 21 Decrmber 1962

Abstract
OLvEcROms, T Pleoma amd Hier bijndy of aibiociac-trosted rals. Acta
Pirkal scand. 1962. 55 291302 — The changes In U= and
Pl Ipld concenrations eaused by etbkasine have been studied

e Haamy,
m!h:fwwﬂommmemmmmmdunm
%'&ﬁ}lwdmmumdwm
L. feactvrs of methionine and interferes wath hepatic protem
Al (Faxmx 1950) I; hay alxo been shown to canse a rapsd fncresse
iy (Faxnce of of 1950 Jrocamn of ol 1951) and 2 fall in plasma
197 Ty cholaterol and glycendes (Fepoano o of. 1954 Fumuan o ol
o dy bas bern undertaken to obtain detailed informanon on the
“}ﬂk%mmﬂwru:dplmxhp:dcummm
Prig, y was in progrem a report partly desling with smilas ex-
2 published by Hamko and Rososox (1961)

h
-0,
1S Acte sy mad scend. Vol 55 31
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\hen wagh mtaperioenl lajoctons of cbionine asd Jbol 14 Ao huer
mmw54ummtmmdmmm“"ﬂ
b diffcrence aad choleer

rravimetrically daermined wotl Kpids asd reprocnt ement

mwmmmwmwﬂ"(mﬁm“ 190 § ®
Stockhelm, Semden rearcd on a sandacd pellet it They weighod 16010 8
the time of the arperiment. ab
mmmwwdm.ﬂmww‘:‘:ﬂ
pvenan}y-u:rmd:-lnkd.unngu;e:rpg:ﬁmcnmd.um&rﬁo'flrfl"he ead
treated sinllasdy but given 20 per cont glucoue 10 halfatrength saioe to drénk

of water pﬂiaaur”
G-l-throaune [ Holfmans — La Roche, ) was prven as & sght inirspet 0
sfection of & 23 %, wivton fn halfsteength eline Controb were g
suline,

Raty were kilted by oa (e the abdomind sorte. Cotting Jooce
veas peevesied by the addivon of wm:ammw'ﬂ"mﬂﬁgh
dnlie-tetrascetlc acid) Flamms and Irver liphd extracis were ,,,.d;m-"’*
described (OLVACRORA 1962 81 Tosal liver ipkds were detormingd
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™ oy

|

8 L0 PER MG WL MLALA
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el way detrmined by the Lusb o ; nd - e
Selerieral. Lpad solnble phospho M u“’“‘““‘dx
*thod (19%) and  factor of 23 caed for comeon &
Plancis oty were an nbesc and 18 prenoly describad (Otrve
i 2 ) The lpudy seere thos sepasused wato 3 fracrions, oo contimany
el oo g o . wnd FFA, sad
o iainng the phorpliolipwe | the first Eructon sholmsterol aien were doter
Toae 7 the Louamsvn-Beacuarn roacion and cilculeied x
mw&mhn,&mchohcavlmdnnmm«l the same teaction gy corides
deicrmained e descrined by Casvsow and Wanmraca (1859) and calelated as
\'O&H and FFA were determmed by atrmnon of an eliquot m ethanol wuh 002
o o in methanol unog trymol bloe 11 a0 wdwcator T ere o N
i waing 78t (olcke acd) as the cqunalent eyt 1 the thind Py
Hhoge ity oo i deteroaed havo  method (1932) and
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§ B moseuoimos
13

Effect of diferent dases of cthsonine
Female rats were fasted &ov 13 houry, then grven single intraperitonead 2~
yections of ethionine and killed 24 houss later Fig | shows the hver hpid

doses of 200 and 300 mg of ethiomne Liver phospholipids and cholesterod
were within, of near normal ranges at aff doses of ethioasne. The rise in tots!
bver Bpids thus was due to an Increase 1 Iver glycarida. Jrums o o (1931
and Hannn and Romraox (1961) have alwo reported that the sise i fner
Epndxnﬂuuhbnlncmmmtumnﬁncdmmuymmzu\ntd;iywﬂt

i

Fig 2 showy the plaunx lipud levels from the same experument. Plams
pbmphoﬁpidx,dm!nlaolmmmdfmcclm!a&aﬂimdmuﬁdﬂlﬂ
deses of ethionine. Most of the decrense had occarred fy a doso of 100 mg o
ethioune. Plama giycendes were decreased at doses of 200 mg of wore
nhmnr_mﬁﬂafphxmammﬁcdhuynndsnﬁnrcm‘oum:admlaﬂﬂmﬂ
hubcmrMp:tvfnm!ybyquﬂdaL(lQM}lﬂlMdﬂ&ﬁw
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d o, (1957) 1n the canme, and by Hanao and Rozoaox (1961) and Ouve
@0 (1962 b) m the rat. Planna FFA were mcreased at doses of 200 mg
o more of ethwnine. That plasma FFA increase after ethuoune treatment
bn been reported by Hawam and Roanaax (1961) and by Orve
oxa (1962 b)

Efict of sex end wxtrional state

Female or male rats were {asted for 15 hour, then given single Intraperitoneal
Bjections of athonine and klled 24 boun later The carbohydrate fed rats
were treated shmilarly but gnen 20 % glucose in half-strength saline to drmk
Inctead of water The female rats  cre given 200 mg of ethionine as thiy had
Previocaly been ghown to gve a maximal merease in lver lipeds Preliminary
Speriments on male rats showed that a dose of 400 mg of cthionlne gave
maxmmal

Increase in Bver Lpids, Therchore, this dase wis grven 1o the male
[
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HOURE WTER MTARASENTONEAL SURCTION OF 300 w8 ETHKMNG

Fig. 3 showa the Lver lipid levels from ths experiment. Carbohydrate
feeding 10 otherwise fasted female ras diminithed, but did not aboluh, the
Gver fat accumulation. Fawsen o ol (1950) reported that carbohydrate
feeding prevented the s in Liver Lpuds afier ethiomine reatment. Ther rats
were gven carbohydrate by h tube 1 ly with the et
and were killed only 12 hours later Our rats on the other hand drank 20 %
glucose m halfgirength mline ad turn and were killed 24 hours afler the
cthioning adminisration. These differences 1o experimental conditsons, as well
a3 differences In the stram of rats used, may explamn the different resuls.

‘The male rans accumulated Jem fat 1a their lvers than tho females. This i i
agrecnent with the results of Hazan and Rosooon (1961) but differs from
those of Jxaex & al. (1951) and Faxnxz ol (1951) who reported that make
rats acoumulated lttlo or 1o fat m thesr Livers when treated with cthionloc

In all sexies the liver phospholiplds and cholesterol were within, or nar
normalmgumﬂmthcmuminmuﬁvahp&b\mduawhuw
1 liver glycender

P‘ig,émmcplxmﬂpﬂkwﬂn&mwmeﬂpﬂmwﬁ;"::
thvcdndcaaxufphmphmpho&pids.gholmﬁdwtmlﬂd
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Eexierol. The fayred fermaler and the Buated males showred 2 decrease of plagma
thmﬁﬂ-\dtl’m:huanm:ﬂcnmﬂy unchanged 1n the carbokydrate fed
h“hﬂmmmphawuimmofpm}'fh.ﬁocmmm
¥e o agreement wath those of Harxo and Rasooor (1961)

Tint recponse

Female rats were fasted for 15 boun, then given ungle intraperitoneal fo-
k“’"‘“dmmdahhmumdh?hdnvmnmmm

P 3 shows the Liver Lped kevels from thh expenment. The total fiver
Srids Increased onl, silghtly during the first 8 hours, then rapidly mereased
19 & maxmmn at 24 hours after which they fell of sgain and at 72 hours
Were near the zero e value. At all tma lver phospholipsds and cholaterol
¥ wathin, or near normal rasges, 30 that tho changes in towl Bver hpids
‘mwychlngumh\ﬂgi)tﬂ‘idm
F'l-ﬁﬁnﬂlhnphmu;ddlemhfmm:hzumccxpcrm Flagma phos-
fell to a minmuum at 24 boury then rose agan, and at 72 houns

-
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UVER PLASMA ADIPOSE TISSUE
PLFA PLFA
mf” * TGFA 16FA
i
COy «~—FFA « FFA Fg/'
~> C0p
TGFA 3==2 PLFA
WORKING TISSUES

Fig 7 Atnwih mode! for the traneport and metabolian of endogenous fatty sckde ja the .

showed a mean value smilar (o the zero ume value. Plasma cholesterol esters
and free cholesterol showed a mmular rapomse. However the sudicy were
not sufliciently extennive (o aliow exact defimition of the curves. Plasma ghye
erldes showed a doubtful decrease between 4 and %4 hours. Howcver the
xero time value in this experiment was very low From 2+ to 72 hours the plasma
glycerides rose rapudly to values 3 times higher than the zero time value
The plasma FFA rose and scemed to pass a maxmum at 24 hours. Howaver
the studiea were not sulliciently extensive to allow exact definition of the curve.

Discussion

Fig 7 shows a tentau 'e model for the trarsport and metabolim of endog
enous fatty acuds in the rot mainly bued on data fram tracer expenmcnt
(Orrvecaona 1962 2) During starvation plasma FFA are deri vd mainly from
adipose tissue (FRprichson and Goapaw 1958) Plusma FFA arc taken up by
the peripheral ursucs and by the liver In aither case they are aher oxkdued
or incorporated into tuue fatty acd aters. The fity actd exters in the bver
can be incorporated into hpoproadmnndmmchu—am[trrtdlolhtph’md:
Fatty acid esters from other tmucs probably cannot be transerred 10
plasma (Bvers and Frurpuan 1960, Bozgstxon and Ovecxowa 1961) P‘s“:::
tdglyceride fatty acids (TGFA) can be taken up Intact by the Iner (



LIMDS 1X ETIIONINE TREATED RATS 299

mdeml%G)mdpmhb!yuhaby:dxpa:m:(Rmml%O)
It swems Dilely that they muy alw be hydrolyxed intravasculaely’ and the
Bﬁmmdﬁuyau&:mmhoﬁxdupthA(LwaleSB) Plasma
an-phoﬁpdﬁuywds(PLFA)ongmammﬂmlnu(Gomwud 1950}
mdn:ukmupmamlybylh:hm(lmvmnrdd.l%ﬂ
\\ehwp:wxmdy;hcunmnth:ﬁmufahxxﬂnzmwdﬁswdkmﬂc
mluhupmdnumfyphm?ﬁ&alxmeumxhrmnmmﬂnu,bmunx
the firther metabolm of Fver triglyomnides I slower than normal {Ounrckoxa
1962 b) If fiver trighycendes are synthenzed at a normal rate from plama
FFA but are  elasdively ilable for further bolist, 3¢ 3 apparent
that the Iner tnglycende pool mwst merease enomously According to this
Wmhaw@mwmm:hmmm
of equifibeiam in the rates of FFA atnfioadon inte tnglycerde and mb-
;qumsmhn}mormeni;}ymxda aither by transfer to the plasma or
A bdrolyns and d o i

gt P nt

other metabofic pocls.
In our previous sy of plama FFA metabolinm m cthwonme treated rats
{Ourvrcsoxa 1962b) we showed that the fracuonal mrmover rates of
FFA 1n nocmal and cthionme troated fasted female e were 113 and 075
mmutet respectsvely and that appe Jy 30 % of the plasma FFA flax
w3 taken np by the fver Amammg that these figures are the same 1 thos
WMW&:M\WO{MM“MIMM*SE}
per 100 gram body weght, the amouat of plawna FFA taken up by the lver
Per 2 hours can be caleuinted w follows

Faated fomale rats receving no cchaoaine

113 X 017 x 40 % 030 x 1 440 ~ 332 mg/24 hours and 100 g bod) weght.
Fasted fermale ram recenvang 200 mg ethwonme
OT5 X 0.28 % 40 x 0.30 1 440 = 363 mg/24 hovrs and 100 g body waght.
The Bgores asc somilar in the two groups, mdiaung that the optake of
Pana FFA by the bver waa caly slightly o oot at all meressed i the ethio-
e treated s, fn spite of therr increased concentratons of plasma FFA-
Thow it fs doubeful if increased mobilsation of FFA from the depots o the
Ter 1 & factor tn the pathogenosn of ethwonine mduced fatty bver

At doses of 200 or 300 mg of ethionune the fasted female rats showed masmal
Maiczse i fiver lrpics, This amounted oo & mean t 515 mg fped, 100 g body
»oght. If tha n afl wiglycende @ equals about 300 mg fanty mesd (calcnlared
 olekc acid) Thus Sgure 13 only sighly tower than the caleulated uptake of
2"”AYFAbyuanmpaz+hommm(hodvmgm.mmu
the rats recenang 200 or 300 my eiluonine atmost all ity acids taken up
Thes 1323 recchod 109 g eetiownse divadedd vy 4 ot doses at 23 hows lntersals sad

‘;"quhﬂn.ﬁnmqmmm

Hg"“‘muu(m“\ plesm FPA concentrasos {mgmly « plasme vobaose
Wim body megght) > fner uptatw (facuos of pasna FFA fox) x tow (miowo)
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bthcbvtrmmunchhu‘cmdon]ylmﬂCﬂcﬂonwuf\m}mmmhnhd.
The planna FFA, probably 1 the only important source of liver fatty acds
m fasted rats. Thus the amount of fat accumulated in the livers of the ran
receiving 200 or 300 myg ethlonine was close to the maximal paathle amomnt
iﬁnhuboenmd}c:u:inbove,lhcmmponaf[nuyudd;wtbzh\vdmn
incvease appreciably after ethlonne It might be predicted that at
dosay of more than 300 mg cthromne, the liver fat accumulation should reach
the same or a higher leved ax at 00 oc 300 mg ethionine, However rats recers-
ing more than 300 mg ethionine appeared very sick and probably many other
factors Influenced the results, such as altered cardiovascular dypamics,

Rosouon and Hazen (196]1) have shown that cthionine admunumanon
markedly reduces the mcorporation of C! leuane into serum lipoprotclar
and have nggested that & reduction of the rate of syntharls of the poten
moletics of the serum Hpoprotelns occura at ao carly stage alfter the adminbtration
of ethwnine to the rat. They suggested that this Is the cause of the depeewed
serum lipud levels of ethionine treated rats. Since all the classes of hpidy camed
by the lipoproteins (1. s phospholipsds, chok ] esters, free chob 1 and
glycerides) were depremed in our rats, our results are consistent wath thu vew
However the different classes of lipids were depresed to different degreeh
indicating that there must be qualitative alterations 1n the plama lipoprotad
compontron. In recent work from this laboratory Anvinsan ond OLIvECKOKA
(1962) have been able to show that the fatty acid compontion of plasna phos-
phobipids, cholesterol esters and glycerides are alio changed by cthwonine
treatment.

It has been suggested that decreased transport of fatty acids from the bver
uuigiymdahmnmpomntﬁ:minthrpudmgmaﬁo{ahhnmcbdﬁd
fatty Iivers (Hamos and Rosoaox 1961 Rospaox and Hawms 1961 Ouvi-
cmona 1962 b) In the present expermenty the plasma glyeendes were
ln:ﬂnudndopmgfa!lylhma:cp{dmfuiaifamknumcdﬁnlmb
100 mg cthuonine and the carbohydrate fed fomale rats. Hoy ever mmﬁ‘;
m:n:l.'n.u-lymm].lnndm.n‘.'u-w:c:trclaunnb‘:m-cc::tlu:plnﬂm'AIi‘)‘W""-""}"‘"n
wdtho:mnumu{fnaccumululugintbclhtrdlhcahbakwuwui
cmﬂdbcfmmd.AnudmximunhcmnponmcdﬂwW"“’P‘:
of fatty acds from the hver 21 plasma giycende would require kw““dl’;
the fractional turnover rate of these 1n addition to keowledge of thelr
centrations. The pobllity exsts that Use fractional tumoves maie J:’:‘::
glycerides other than chylomicron glycendes b lower in cthiopne \r;” o
than in normal. This has been shown by Hamas and Rosuaos (I
by BosoraOu o f (1962) (0 be the case for chylomicron z’)f“*;j:’hpﬂ

ﬁmwunhgdmc-ﬂdlhcnn;ccuwdm"fw‘”‘:m‘hm
bq.nmxﬁcmdtbcphmbpm(omlmhmm‘;“dm of

3 in hipd bollsm were socondary uspanes
ﬁfﬁ’m (Rosmnaon and TLanws 1961) The changes in v a2
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thlhpdkvchmcdmbemﬂmduxboui2im’lhceﬁmof
ehionine then dlminihed, Tho simplens explananon of this u that at 24 hours
ot of the ethwaine had been bolized. At 72 hours the Hver lids were
ooly ilightly higher than the zero time value. Ducing the recovery phuc the
pena giycerde leved roe abave the sero time value and as 72 hours war 3

dmaxhnnlnc.Thhmxyrcpmtmmmmmpmdglmniufmm
the Hver

T aachor wihes 40 cxprems Bl appecciation W Mme ApnsTa Criacoes b ber ilifid
scchmical mawncr, st W0 Prokewce gy Baaciratie asd D Arax Horeasx for thae
B in preparing (it manoecript,
ok work Sew bera sappocied by grants o the Snedish Medieal Roacarch Comnel and
U Unieed Seates Pubiic Healths Servce (3 3382)
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Fatty Acid Composition of Plasma and Tissue Lipids of
Normal and Ethionine-Treated Rats
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Gosta Anvmeoy snd Tuowas OLrvecroxa
Recefred 1t Drcember 1981

Abstract

G oand T wm}-‘dtyrqu{ﬂcm
and tcssue bpsits of wrwnl and disemms—irsmind veis Mcta physol. scamd.
1962, 35 m—lll—-mﬁmnndmpodnmdpbwu.ﬁm
aclspoe trmcse aned carcam NFFA, FFA and PLFA kave bern wudsed
i mormal and ethmaine-troated faicd feomale rat The faity ackd
m&mwmmmm&wmnqr
Raxma FFA ware Gl od by Thes, theve

any g wa the o fany
acids from 1he depon in (he cthsannc-ireated au The Iatty scxd
conpontivn of bver NFF A wnd PLFA and of plasma TGFA, CEFA
a0 PLEA 0n the ocber hand were ugmbcastly changed by ethuonine
wh&ewmmﬂdl}xmbﬂmd&bﬂy
atids weze differen 1 Iner NFFA and schipose tamor NFPA. In the
ethigalne-treatod rass the rauos ot cotmmag loleie wesd wer
ot sgntfacantly differest 10 Fver NFFA and adipowe tasue NIFA.
Thu agrermens 1 taken w wwdenc for adipoae umur NEFA brisg
the source of the moroaed fver SFF A As bnoleoc wod sanstbe
”:mhubxﬂmﬁgnx,mhmxmm-hvhmm n the
lmma&nadkver\ﬂ\mmml'udwprﬂmuqr hast
mm\ﬂ&mwhwmfﬂmmnm»—pax
e, Mok probably sdiposs st
Ethwnine, the eth  analogue 4 methin ne adu m ity }vers  Lasted
Somale rats (Famaen of of 150 Liser fudrver i and pheapholipids we
within, of ness mormal sl et wheress tgly coddecar nesed weveral fuld
Abbrevumons weed
TEA — Free Guay aeve

TG . Traghycente fus wocds
YA~ Sl fa fosn s
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(Janrex o ol 1951 Haszn and Roxvon 1961 Ourviemona 1962 a) Pluma
extenfied fatty 2ads are lowered (Fensrac o of. 1954 Fuauan o o, 1937
Hazzis and Romvwox 1961 Ouiveczona 1962 a) whereas plams FFA are
clevated (Hamms and Ropraon 1961 Ouvecxona 1962 a) Livers of ethwonme-
uulcdﬂuuhupmdmu'ﬂ'yph:maFFAulmcnmﬂumnamduﬁnlh,
!:m(lhe[rmma]mmo\trnmofhvn-NFFAhlohtthnnnurmal(Om
croa 1962 b)

In order to study mare closely the alferatiom in Hpid metabolim nduced
by cthionine, we have studied the relative amoants of the major fatty acds
of plasma, iver adipose tmuc and carcam hpids from normal and ethionine
treated farted female rats.

Exparimental
The axperunental snamab were female Spraguc-Dawley mu, (obtuned from AB
Anurimex, Swotkholm, Sweden) reared an & sandard pact dact. The rats welghed
160—190 g at the time of the expomment. They were fusted for 18 hours, then gyen
2 single intrapentoneal mfectson of 00 mg of cthionine m 8 mi balfsirength salise

and fasted for an additional 24 bours. They were then snfieed by emangunation.
Plama (srterfal) lhver and persovansen adipase tiscse samples were obtaised ad
Jy described (OLs 1962 ¢) The remaim of the at at

ap
n & Waring blendor io 1 000 ml cihanol The batogenate was

homogentzed
10 4,000 ml by sdding dscthy cther and aflow ed to sand at room temperagme
An allquct was taken to drynes, dosobved In chlorokorm  mcthasol 2 1 (v ) sed

described above
Tbepbuphab;ﬂdmmaumummmadb,mﬂm,nxzmudﬂ
acthaool with sulfarc 3 &3 an mtcresterificanon catalyst. The mcthy} esens wOT
cxtracted mnto petroleum ether and drved over anhydrows N850,
Auumplahmnwdhduumu—~m‘(‘mulmhmd.m e
aun uuag
The mcthyl wer andymdbyguchmmmnphym mﬂf\lﬁp‘m

eTAto
col-sucrinst oo 80— 100 mah

" aosd-maihed
comuted of 10 polyethy kene-gly et by Jams (1359)

545, The polycier way syntheuzed under the

Those pellers coatamcd L4 (i The furty acxd componton wu .
16 0192% 16 112 19 026% I8 1238% 18 2483% 17 3 aodjur 1

Al %
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Tabk L The pormaiungs faity ocid compusstion by weoght) f Lcer fat fractans frm mrmel ond
s tweid ot rd frmals vt

Normat Etlnosine-trested
vt 3 4 s Maws 7 8 9 W | stas

FEA
69 23 45 452 447 L8 494 384 SO 429 4t 23 dL4
K1 13 13 13 13 L1 16 18 21 19 14 1§ 17
Dy Wl 20 56 =1 A3 90 81 N8 134 18 S 13
Wi 10 73 %3 ms Me 23 X1 24 B mE 34 WY
W1 09 30 134 129 13 124 183 147 133 140 130 sl
M4 o mM od nd nd ad od od nd pd nd od
XFPA
0 45 278 344 305 3ae 301 208 N 21 10 BS 1S
Bl 23 4y 20 a4 a1 o &3 39 27 22 Al 38
We s1 74 735 ep 48 75 312 28 1 4l 4 13
L T S P T R L
B2 u§ 32 mo ;o 91 mr mE T 7 BE B
M4 18 43 a3 g4 81 58 A6 24 38 &1 23 37
FLFA
B 27 ug w7 7 ps no 166 12— 19 168 102
L3 LA ] w r tr tr [ w - r o o
e U3 39 e 6 L7 TS My — M M4 329
ul € 75 66 a5 s 72 I 18— &7 a3 145

2 e 135 155 1ae 147 143 187 B3 — 130 207 127
Wi w4 3 399 s2g 228 3 192 176 — 195 182 186
™~ oot dowermined; b = trace.
e mccinic ackd fnaead of adipie o The peaks oa the were
Bentfied by comparing thesr reention thne with those of known sandards
=T uere cabculsrent by c of the fatty acids grres number

ﬁ““@mm‘ﬂmmywmmumwmmor
theuc Epld contents of the rats 1 the preent suudy

,S‘“'htpu:pc-eormnxnuupdan-mwxn-rwahm\mwd"‘

d"‘uhhnm:mlghxmdmumthcrd;m-:dmﬂbuumdlhempr
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Table II Tw wd ( Mz
" Mk{}wawm: by xelpht] of adipoin Su froctions from

Normal Ethdoare-treated

Lt 3 4 5 Mams 7 4 9 Mea
FFA
160 326 320 130 10 6 M0 mMA mz o 38 M2 us
16 1 1927 34 23 23 33 ua 23 15 21 47 1s
180 79 &3 66 86 A3 73 88 95 91 74 ax 17
W1 sk 385 a3 34 W5 M4 39 w0 a0 wme sy wo
2 100 200 168 167 1S3 178 170 158 175 a1 156 fed
0 4 M od nd od od od od od wd pd ol o
NFFA
160 M5 262 287 72 M4 7M1 00 %03 240 264 26 118
1 41 A3 22 3B 44 41 29 42 34 38 44 A9
o At 3B 47 4B 43 k44 44 B3 Ul 4 46
183 %) M4 M W7 32 X4 I MI MO DI M4 X
31 273 302 M4 248 M8 271 249 M2 3L+ M9 28 M0
0 4 ad od nod ol od nd nd od od od o

farty acuds only the pesk arcas of palmiue, palmitolac, seanc, oldz, kool
and, for some fractions, hid acd were caleulated. Thus the Aty ackd
spectra given here inctude only the major fatty acd compoaents.

The statutical analyns of the daa have boen performed wang the Studeat
t taaz. Dnfferences having a probatbality of less than 2 %, of beng duc to chance
havebccndulgnuodungnlﬁant.

Leer bpnds (Tabls I)

VFFA. The neutral fat fractron contmned the cholesterolester and the
g!ytcddc&lryu:d;ﬂo&hmlhunmmalmdlh:uhmmd;”v
however glycende is the major fracton (OLrvECRONA l‘ﬁ?l)mlﬁlf'}*m‘z
:mdcnmpahionuf!hcncuuﬂﬁtfnumnmypf'blﬂybe“m"dﬁ
cvl'!ln:glyacﬂd.c.Dn‘mr.lm)dl-l.\m\muv(1959)rr-uru:t:lth.nl.h:ll\-\:rm'd
lcn:ml-almoonnmmacuuhidoniclnduancmdbmlalﬁmkkw
than the liver glyceride and that the percentages of pabmutic and oldc
were umilar for the cholasterolater and glycends fatty acds.

Inm:mmlﬂmmcmwlhmd;nxﬁtwmm‘b’m"ﬂmmﬁ“u:’
nmpllm:lk.ﬁnoldcwdducaddnlnlhcethﬁanmwxymt:nd’m.
a sigmificant ncresse in the percentages of hnolac and olede Howeser
ugnxﬁmn!dmclﬂtbcpaﬁmugun{palmxdcmﬂ“caﬂcld‘kvm\
the amount of NFFA in the Liers of the ethromne-treated ras w
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Table UL The porocniags faity acld compusition (§y waght) of corvass fut fractions from mormal
i tinamn w-bcied fasted_frosls rats

Narzal Eshionine-treated
1 j2 s ¢« 3 |3tams 7 8 9 10 M

FIA
Ut luslueluss 36 3l | 337 3R 358 364 338 322 A4
W1 A2] 401 43 48 40 ] 42 41 44 42 43 39 42
He | asjies]| a7 us 107 |12 88 87 112 26 104 14D
Blofa7issy(sss 523 18 [ME 34 A 32 2T e M4
B2 day)aelier rar 264 [ 136 109 253 130 1a1 195 160
B4 o] wd] md pd o od »d md M ol nd
MEFA
By lsa{re{e 24 ms 238 0 233 L1 18 15 289
B1 faafasl 3 49 35| 41 44 42 21 A8 3B 39
W a8l gl 46 49 45 ] 45 329 45 43 41 43 42
W1 leolsasios sy e |2 369 a0 317 40 2 32
B2 jmijno)mo 267 264 |25 2m0 13 8 293 14 ns
Bt | md| ad| g ad od|od M bd pd om omd oo
57N
B0 ta3(wsizs s 341 (327 M3 22 M4 M2 w91 318
W1 ) od) ad) od nd od| wd od =d »d nod nd u=d
We dmeinsimi w2 a4 lms 13 15 182 182 2o s
Wi Jusluslus we s lme w7 s s we 197 s
:! w6y (174 149 132 {183 193 178 165 183 172 118

Po|uepzrl 59 a5 (e {09 I01 (29 IL5 23 s (3
= o des .

Gﬂm&m:l(()uvmmu]m:) Thus there was an mcrease 10 all the
fety acids, this Increase being most marked for olesc and lizoleic acds and
h.hwhnmclndmﬂc.uda.

FFA In the normal rats palminc acd was the moat abundant Lver FFA,
$allow ed by olesc and linolesc cids. In the ethiont d rats the peroatag
"‘P‘hﬂnctndmd;uiﬁandy lowered, whercas there were slight mereasex
% the percentages of e, bnolesc and steanc acids.

H‘F‘Ln‘tmﬂn-bumhmhtrPLFAmth:nu’mﬂnuwununclud
i“:dbymmmawm.m-ddxmemm:Mnn

M‘kﬂﬁﬂn&mmuﬂtlﬁﬂm&lﬁdmﬂgﬁﬁ{m
'h“‘mﬁnhwmmmmﬂmm:ofpuaxmmmmauz
“Uooning treated ran (Ourvecaowa 1962 &, b) these changes reflect changes
2 Wil Hver PLPA compontion.

B001 4 14 phyomt, seend Vot 35
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Table IV Tha purvertags fally acid compentomn (b7 wesght Jof plasma fai fractsons from v
and cikinning-tronted fusied frmals rats
Normat Ethlonine (reated
1 2 3 4 3  Moaalé 708 9 10 A

FFA
1610 330 312 — 35 354 308 382 315 M6 ¥1 M M
16 1 30 27 - A5 21 18 19 41 19 2 35 13
130 w6 A9 — %1 89 96 a4+ FI o1 &l &S M6
181 M0 M5 — 337 360 354 %2 30 365 M4 s M2
182 154 187 — 185 167 183 %4 22 196 172 176 1M
20 4 od pd ~— ol pd od nd nd nd » od o
TGFA
16 0 3.4 324 316 318 193 L7 W3 442 M1 n2  — M2
16 1 40 32 36 39 a5 40 75 97 12 12 - a4
13:0 59 49 50 59 57 53 106 923 9y lay - 8
1 274 383 732 M6 305 ;M9 B2 196 254 11 - A4
18 2 193 147 282 19 47 9 94 112 174 22~ 1M
20 4 94 66 IL3 24 62 82 v 2w & & 2~ =
CEFA
160 199 — 194 /95 138 177 383 M3 26 305 H4 IS
161 25 - 49 41 32 37 98 %1 83 0 43
18 0 35— 88 41 26 48 112 86 %0 a1 59 W
181 189 — 137 126 27 133 w9 M1 175 ma xS !
182 L4 — 147 143 140 116 109 135 18 174 A4 ll-:
4 465 — IS 484 577 471 N6 138 167 & & B
PLFA
16 0 402 150 410 405 352 4 ;9 5 82 4l 3 ’5_1
16 1 L3 u tr L tr - o T r wr w 08
180 300 32 3L 38 256 34 215 23 26 168 1:.}4 iy
I8 1 M4 114107 125 27 M3 176 141 127 0k -
18 2 M1 174 172 1S3 (43 187 21 11 a4 24 ﬂ: -
20 4 od nd od od od nd od od =d W
od = pot determned o = trace.
Adipesy tusw fipuds (Table 1)

VFFA. The most abundant NFFA m the adipose tmsue were ol P27
.ndﬁnola:andLTh:re\amnnugmﬁnmchwgcmlh:ahmnmzl

FFA'Ihazmmorcpahmucmdlmhndacloﬂhlhﬂl P‘":‘h‘

FFA than m the adiposc tmue NFFA. There vas no uguifican

cthuomne-treated rats.
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Covs G (Tabls 110)

VFF4. The compoddtion of the carcass NFFA did not differ significantly
¥ that of the adipose trwue NFFA. There was no significant change 1n
the ethiomne-treated rats.

PLFA The most abundant carcass PLFA was palmutic acid followed by
%anc, oleic, hnolde and arachidomc acids, There was no significant change
& the cthionuoe treated rat

Perme lipds (Tebls 17)
CEF4. The most abundant fatry acid wn the plasma CEFA 1 the normal
3w anchidonic acd accounting for approxmately 50 4 of the total
CEFA. The next most abundant fatty acd was palmute follos ed by oles
a2d lnolelc aexds. In the cthionine-treated rats there was a drastic decrease
= trachodonic acid. All other fatty acd pertentages were | d palouti
stearic and oleic acids all by factors of spproximately 2 Hnolew
4 bouever only very alightly As the concentration of plasma CEFA in
the rats was decreased (Ouvicaosa 1962 a, b) there was
Pubally 2 decrese in all plasma CEFA-
TGFA. The most abusdant fatty acid in the plasma TGFA in the normal
3 were palatilc, olese and Linokeic In the ctisoalne-treated rats there
N significant in patmd lde und stearic acd pereentages
nd‘nlﬁamdmammhnnldcmdmdomcmdpecmugn
FF4. The mout abundant plasma FFA was olesc acid, clascly followed by
acd. Also prosent were Lmoleic, steanc and patmitoless scids. There
8 0o dgmficant change in the ethronine treated .
’u"-'rh:matlbundmtﬁuy.a.dm!h:phmmﬂmﬂtmd
"3 were palmue and steanc acds. In the ethucnine-treated rats there was
N decreased peremntage of steanc ¢id and a sgnuficantly increased
Perventage of Hnolac acd

Discussion

Liver fat acaymulanon can result from mercancd synthesh andfor uptake
4 Bty acids by the liver or from decreased doposal of fatty acds by the
Erer or from & combination of thae two mechanisms. In previous papers we
3¢ thown that it m quanutati vy pomible that all the accmulated fatty
s in ethioaing treated rats are derived from adipose teue 1 the pleasma
FFA (Ouvecsaxa 1962 a, b) daspite the rate of mobilranan of fauy acds
closs to the normal one Axrod (1939) has shown that L ens from
treated rats show doecreased abiliry to codize fatty scds and we

B thown that the rate of ransport of fatty acdds fron the b ey Is abo
decreased, Therefore 8 -atlable evidence suggots that the mobilzauon of
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fatty acuds fram the adipose tuc i normal in ethsonlne treated ray and
that the major caus of the Hver fat accumulation ts that the liver thglyeenda
ase relatively unavallable both for oxaation and for trangport o the paza.
The data are considered with raspect to thi hypothens,

There were no agnificant differences between the fatty and compostn
of adipose timue lipida in the ethlonine-treated and the noama! ras. The
carcass Uiplds were sbo nmilar In the two groups of amimah. The plam:
FFA were abke in compostocn, Thus there was oo evidencs for any qualitame
dsfference in the mobrlzausa of fatty acids from adipose thrvues n the ctbdonlne-
treated st

In the liver and plama fed Gty add fractd the ahi
rats showed marked differcnces from the normals Ja tho oormal ra, the
fatty acxd compesition of liver NFFA and plasma TGFA howed many s
larivex In the ethuonine treated sats these fractions no Jonger resembled cack
other and besh differed significamly from the respective fracten ln de
normal rap. Interestingly the changes went {n oppoute directions. For crampk
the percentage of palmtic scid way increased in plasas TGFA bur decreased
i lever NFFA the percentage of Hnolele acad was decreased in plesma TGEA
but Increased in Yiver NFFA. Arachidore acd, however was decressed la
both liver NFFA and plaama TGFA, and was abo decrexsed to about 13
jts parmal value in the plasma GEFA. The comporitson of both fver 3ad
plasma PLFA way markedly chsnged w the ethionine-treated rats, In botk
+ cases towards derreased saturation.

We thus find that ethsanlne does pot sorm to interfere with the mobiliiot
of fasty acids with regard to composition but sgnificantly changer the Bi7
acd spectrum of Lver and plaxms Lpide. This is m good sccordance wib &
roults of ou p studses on eihd faty livers (Oun 19628, b
We have previously shown that it iy quanutatrvely posuble that all the Lotey s
accumulating tn the hivers of ¢thionine-treated raty may dcnwﬁnmlﬁ-'?:
e {Ouvearowa 1962 a, b) It u therefore of 1nterest 1o find whetber
vot the proaent raulumppoﬂﬁrthypoﬂm(httbcucumﬂlmbﬂy
scids do actually derve from adipose tsmue. Baoos o ol (1%1) h‘“}m
umplcdtommpucrbn&ztyaddcampuduano!mcnddwmdﬁ\ﬂ
acids m the peutral fraction with adipase tisue
Isduced fatty Lver and found that these composiuons caupcided. \hboﬂt*;z
validity of any such caleulation rests on pumerous asmptionh “E
nonetheles made daufar calculatons on the prosent raw In & o
calculaton performed yudouibcdbfwdduﬁl)\
found that the compostion af the sddinonal Gty acids in the Iner
of the cthlonme-treated rats did not differ ngmificantly from the COEPE_
dmglouluvumhmmpodmnd\hch\ﬁmAdww‘*M
cotncide with thas of the adiposc taue NFFA. These was lea palioitk P20
mdoldcndd:burmrtﬂmjdc;ddlntbclhﬂ'm‘“m'dw

Ine-sreased

NFFA in raia with ethasod
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Tabls V7 Ratres bctaconn ths fmity aclds lver NFFA and in adipast tissme NFFA

Rane Narmal P Ethaonme-treated P
Adigose | Liver Adiposs  Lher
Ll NFFA e NFFA
KFFA KFFA

1K1/160 0144001 01041004 003 < P10 Q4001 QI4ELII No diffrcoce

1R0]160 161001 06 £0.09 002 <P<005 (I7H003 014:007 O03 <P <010
131)160 1291006 QA2 +015 P00l 1M4014 1432016 030 <P<a#d
WOJIE) LINEQ1T 265 107 QO0L<P<O! 1192021 185£053 064 <P <070
W1/16] SA2L0E T4D 1797 060 < POT8 GAOELOD 3253303 00 <P <2
I R31EATY 341 5097 P <0001 7961086 16032207 0.03 <P<Q10
60/I0Y LASEQIS 104 1017 090 < P 008019 065£007 Qo0l< P<00]
KI/L2 § 150002 01054003 002 <F005 Q145008 0106-0.05 030 <F <030
104/182 4171003 025 +0.06 001 « P-.0.02 G.16:00f 0093-0.02 P <0001
11102 1353017 0B3 009 P00l 130+£0.13 092 +0.09 P <0l

P repeeecats peotabillty for tha dufferance hetwoen tho ranoe fx Hvor md adiposc tm
KFFA t he des to chace, Calculared oy the Soadent ot

NFFA. However the ranos between the fatty acids for the hver NFFA and
fox the adipaes tsae NFFA show some mteroting refations (Table V) In the
vonmal raty most of these ratos are different 1n the ver NFFA and the adspose
twoe NFFA. In the ethwonine treated rats, however the ratios not contamng
Iaeleac acxd are not wgnibicantly different m the liver NFFA and the adipose
mhﬂhm-mtmyknkmuudwh-ﬂpuxmc
NFFA bang the sotrce of the increased liver NFFA. Tims reasonmyg cannot
hwhﬂimmehnohcmd,whchwuprucmhﬂrxcmlnuihvﬂ
NFFA at even bugher percentage than 1n the adipose tisne NFFA. Smes Roolele
wﬁmnmbeqmdmdmm:m(amwmdﬂumweo)m.dmm
Exolerc acad m the Hver NFFA of the cthronme treated rats mut have derived
fom an tmuc, most pobably adipose tsuc.

If the fatry acidy are tramsported to the Iver from the adiposc nauc this
Nwwhh}yukaphmlnthcfmmd‘phmﬂ&l-lwmthnc‘nnd
4130 the adrpose tieue FFA, differcd 1n fatty scid compodtion from the adiposa
thwas NFFA from which they were probably derived This mught be due
o the planma FPA having some source other than adipose twue NFFA. The
2oxt probable such source 1 the placma TGFA (Lacaxir 1939) Strong
exdence against this powillity  the smilanty of plagra FFA in nocmal and
¢thlonune-treated raty, despite the latter having lower levels of TGFA which
differed in fatty acd composivon. It b thus probable that, during sarvatlan,
plama TGFA & not an mportant source of plamma FFA.

We thus have the perplexing ntuaton that the additonal fatty acads taken
P by the K er of the ethlonine-treated rats show many resemblances in ther
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&xtynadcompomummthcndi?mdmmNﬁ‘A.whkzhmlpmbﬂﬂyn
Lhdrmgm,bu:xhowlwrucmhhnmwlthtthhmﬁ&whdm
probablyhdxcwchidcfurthdrmmpu‘twthnﬂm Interpretation of thae
dxﬁamwmunnthmmdmmdwmmumedindjwdmfmym

mmm.ummwwwmwmhmmmmm
wMWAWhMWWWMmMM
BoxasTrdw md Dr wﬂmhwwphmmhmm

Ml«tmmwwhpﬂhﬁmew&hwwthﬂd
Seates Publwc Hoalih Bervica (H 5302)
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Blood Sugar and Alcohol Intoxication in the Rat

By
Lawr Sawisroro
Recehed 23 December 1961

Abstract

SnarnTe, L. Bissd saper and skvhel colaxicetsn ot rat. Acta
Physial scand, 1962. 55 313—318, — The effect of inrullo and glocoss
a0 pha wical cthanol i k weas studied in rats by oxcans
of a tilting-plane techalque. It was fund that ramcd hlood sugar
$wpered murncatian, whilst kwered blood sagar enhanced it Thus,
Hood pugar »  factor affertlng alcobol mmakanon. In addition,
wubg accrs to have  speafic (cabanang) cffect oo akcobol bmrazk
cation, not related to 1t effect on blood sgar
There o no xnplete ag; among 1nvestlg a3 to the mnflc of
h“lmlndmgzn—g}uaxchumulybcmuwd—mmclmmmg
eflect of ethy] alcobiol. Most studies ha e dealt only with the cffect on alcobol
M%mtw{ththuonp}n:mmbghlmwmmn.lnhhmm

Alcoha! curve.
There are qaly 4 few ivestigations dealing whh the effect of glucom oa
Intaracaton. In one of these (Hacoamd and Gurrxrsexo

Aathods
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Tabe I Toeatmend 1n Uhv difercnt experiments, A = akwkol, G w glwcase, 1 v sasuh, The
whicss pefer o dsage, alcobal wnd pluwass in g by bady worghi, famnlin x . s
Sex alivey s melt

Experd- { Mo of | Sourve o of | Treatments Teat rménies
ment | o replica- aher adiclien
no tiont I o of aebod
each
urat-
=19
1 3 | From 2 fuatens 1 Ags, Audus, AuGas kol
2 5 | From 2 lnen 3 | Asy Awsleg Azslag »
A, Avalng Asddas
3 8 | From 2 luten 3 | Ans Asalag AsiGan =
Ag TesGry
4 24 { Fram $toae ¢ | ScoTable IV R, 118, 100, 24,
o, %0, 420, M
340
H
} o
adenbal 44 | From 9 bLnen 1 Ree Table ¥ L4
b} Blood
ogar 30 | From &Enan 1| SesTableV @
Total 116 | From 30 lutess

Tabie IL The nfimnce of insuhin o chowil stexscetioe as massucd by priformas
5 he t1tted pame test
Monaw Sor duffereaz tremrcuty, cxprewed as peroentages of the sober” valoc

Alcobol Inlia Replicauons
sk wuss f 2
17 00 %6 %02
a4 2 %2
os ©8o %4
a4 1 ') a9
0 204 e
as ns 00
Toual - w? ©0s
!UH -
memdd5mﬁmm“,"'§nmuuwa
prenss s W per oot (% wlummmupnmw‘m“‘:“be Y The ¥

& menilar way The wsulia »as wjected et ®
Tmhﬂtdm’u’mlhlmlhchn but pox 1o the others The
the different expesiatents are thown m Table 1
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Table /1. Tht Loghememcs fhn&-dma-mumumbm-
o2 e tikod plamd sk, Alcobel dusage. 5.4 g]Lg bedy werpht
Mcnas for differrat treatusents, cxpremed 23 perrentages of the “sober™ value

Tmuln Ghacose Replications Total
-ty
b t 1 1
©» [Y] 753 768 3 788
27 5 al 78 78
. LY 3 a3 LF] 200
27 ws 8o 9.1 %0
Toual - LY 808 -3 —
Rasults

The results of the first expenment suggested that insulin mcrcases the
cﬁnﬁc‘ulmbol.wtﬂmxhuxlcwa:nn‘lmdolhcoppodm
bomeer the results were not statbsncally ugnificant.
In the second expermment, the effect of msulin was studied in greater detail
The remlss are presented m Table 1T from which it appeans that insulm
eihances aleohol ntomcation but only if 08 unit o inpected 0 4 umt scems
© have no effct on alcobo! intomcaton (between bmulin level. p < 0.05)
The thraxhold far the effect of insulin o thus rather high.
h‘hﬂlhﬂduqmmnh:nmvum.muinth:modcothmmmor
sloahal, tnsahin and glucose. The resolts are given m Table 111
The turulin dosage was low and had no cffcct on akeobol Intamcation as
*x expected. Nor did glucose alone ha o any effect but wsulin combuned
*rh glucose tempered icath iderably (for wnsulin-glucose Inter
action, p < 0.01) Thn was interpreted to mean that high blood mygur makes
the wnmal more resistant to alcohal but there remained the problem of why
tincose alone did not have any effect on aleohol intdeation. In order to
roolve this contradictlon, a different tdming of admmistration was appiied in
e fourth experiment. For bres ty ke, Table IV inclodes cnly the daaa
fx 1 and 3 hours alter the adminatratlon of alcohol. The whole curve s seen

— Insulin enh aleohol derably when given simul

Qaly with the alcobol when given one boar after alcohol adminlstration, t

markedly retards recovery from the intaxicated state. This fits In well with the

Folty of the previous expanments

~ Glucose has no eflcet on alcobol mtomaton when gven t the same

e a3 the alcohol, but if admininered one hour earber it conuderably reduces
)




ahoohot sdminwtration teet (sober value} oty
per cent of t
tha sober ¢ '
w 3 Y T T y + ey
w

¢ i 1 4
1 Adsrinisration - A o
Prsformanice - 1008 a9 02
2 Admiakiraton 5o A »
Performence — 100.0 a4 R
3 Adminbtration no Al no biod
Performance —_ 1005 7y “s
4, Admisistration na AO » s
Performance . 100 73 L
5, Adssiaisration 4 A o bt
Prerfornmanca — 100.0 2y el
1 supuficastly Kreer, 22082 mpmkiaady
3, kigher than oaber» Tow ey had sxbet

the degree of Intoxcatlon. The fuluse to obiain & glucese (et wn che carbt
uwn\hmobwmulyducmufmgmnxo!madmlnw‘w“

ﬁeﬁrmapaimlumdmgncdmmmmmmmb .

e e mifuene the o rugar and bkood aleohol urv. A4 2%
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Tabis T The cfict of alenhed, glacow, ond insmlin on bised akeobel end sxper and
o tha biting plevw. Tht dusapes e 10 g akcotl and pincessjky body ncight end 0 4 wcts
Cendn. The trct snes mads and bived semples takon 1 bowr ofler administration of alookel

Mran it perfarm- Aloan blood aleobol  Mean blood magar

e 1 porcentageof  mg % g %
the sober vaheo
Coatroly ©) 100.0 0 5]
Alcohal a3oon (A) [1¥:] 160 2%
Alcoheld + giucone (AG) 91 us 127
Akobol + Bl (A1) 749 134 77
AG/AP <03 AG/A P <.001 AG/A P <001
Al/AP < AG/AI P <.008 AI/A P <001
Al/GP < o4

#rem camsed by withdrawing blood from the tail tip was suspected to muse tho
Rar the samples were taken from rats tested and killed one hour after
the administration of the akoohol. The samples were taken wathin half a minute
o hling Blood alcobol was determined acrording to the method af NEwiax
ad \Ewaax (1953) blood sogar by the method of Sosoovi (1945) The
Tesalts are prosented in Table V
Glactse ratwed and insufin lowered the blood nugar as expected Aleobal,
o0, wemed to rabse the blood sugar as already noted by VARTIA of o, (1958)
“dL'““nlndKﬂm(l%O) bat our result » not stamacally mgmficant in
h rapect,
Alier the admmatration of ghicose the blood alcohol level was significantly
Jower than when ghacose was rot given. Tnsahn had no effect oa blood alcohol.
?mmmmmw::mwmwmwmd&z
ncouc iy thun related to & decreae in the blood aleshol level, whereas
enhances intoxicanon but doos not rane blood aleohol. This suggests
Ut tomilin hag a specific efiect on aleohal Intaxcaon, but 1n addiven, t
tihlmcﬂ‘mmmmlumﬂmonlhcbbodm
&, &4 seem from the resulty of the thurd expenment (p. 3)
kmmu:rnlmedh.u P has been genetically heterog and
h%’mmdmnﬂﬁnmh;rnﬂdmm\uﬁdﬂns,lhcmm
Mnays boen the same insufin cnhances the pharmacological efiect of
whilst gincose tempers t. These effects are comelated with the hlood
E:“‘Lbutinlddnﬂm,mllnwmmhx\narptnﬁtcﬂfcunnmm

12 this case, the result 1 clear but it scems 1o tmply that m all kinds of
Wllmbnlimuﬂnmn,tbzmuaulﬂmldbc,buh‘m&duﬂynnd
g y far more aned and the body of data, accordingly very
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From the Depastment of Phasmacology L osversity of Uppeala, Sweden

Tubular Excretion of Serotonin (5-Hydroxytryptamine)
in the Chicken

»
Expanp Sanca and Brmans VWosTrax
Recehved 30 December 1961

Abstract

Saxxuw, E. and B Vommead Tubwer xowiww &f scrotema

(Sb&!onpdu)ulhm——-hﬁlmwmimﬁ

SXMLHSthundacdmplﬁmwm\nﬂchﬂm

hwnmmmdmw

mmmmmwlﬁpﬂmdﬂadﬂ

however Bods preeated with mono acune amdare mobibetor
cares

,,L““'-ﬂwormwwamum&mmmmm
adiern Waimgton Unsroraty Scheol of Sodicne, St Locia 10, Mucurd.

L13]



Materials and Methods
The general procedure was that of Caursary (1960) CA.urn.u_mdS)oum(lBGU)
Rbode Dland Red lbmtlmyuunldhdlﬂn;!.&l&k;muni

Resualts

A Serotmmn pioen 11 normal birds e
Serotonin at a doec of 200 g Infised into ane leg vein for 10 mn prod

mbﬂn»doumutdmmmummaudn:mdwlpnhmﬂﬂd&’\lm:
no serotonin eame out m the urine on the contralateral ade. The valuss

the Ipalateral side were very varble, In 9 experiments the unioc was colkcted
with » hat diffe umcll'mwmmu!mmm::
Lbeavuzgencmdmumlnpacm:ddmcmvm(ﬂTEF’w’M
&6&17(9ap)1n6d|hae:rpa1mcnuthcmncuﬂlmmmﬂ s
for 30 min from the start of infuson Haclhccu‘r@ﬂﬂdmlﬁl‘”:dﬁ
76 £ 24 per cent. In 4 out of thar ap mcmumbnmmn:h ol
mmﬂacmﬁmum79i31mmlnwdl}m C’P'“’
mﬂmbﬂpﬂbdwmwmlnmmmwzmmhﬂw”mh
36 per cent (Table 1) Saommn;ppaxuimlbcmmzmdkm
of infusson. In almost all expenmenn the peak excreuon was




Tai !
arsbct  Serntoutn excreted Total Laccm Colbecs
of e, recovery excretion Uoa
o Iy sde Noo-ln}. per cot per coat period
o kg wide of dose of dose mloute
of backs ™ (ATEF 100

A Serotonta
' 1641y askal 20108 17106
Q) n5r2s 0602 58+ L4 S2x14

MO 14 sl 74217 €817

BIS+33 (6) a3+0l (6) A0+24 (6) 7624 (6)
162463 (4) QS+l (4) B4:32 (4) 79322 (4)

LR -1
C

7 1 o3 (1) 41 1) 36 (41} m
B. Catrom-scrotmin
1:_. 1323 LY ETE) 4513 FLEK] 10
MY n2rasy 1708 17517 188+ 16 20
Nedibot 13:a7 121113 707423 B
SITLE6(10) S4L13(10) 2I6EL5(10) U233 (10) 40 (10)
MILT6 (9) A3 LT (9) BIL4Ll () 947 (9) 0 (9
$18£79 (8) s4Lt22 (9) LIt 4l () 24037 () 0 (9
C. Resarplac atrotonta
2
7 0 16 1 10
Mo o L1 120 | 19 ‘IS
B2 ) o o Pty 0 (1
D. Reserpire-catrom-serotonia
]
65427 07401 17415 204 12 10
B s 19£ L1 157 £ 30 18114 0
v 29+ 12 180+ 32 182127 %
F24:61 13113 203+ 14 67119 0
:_;ﬁ:ﬁ T4 7314 18318 o
- Hokw [LEeT 248533 s 27 ™
- [P
h.hh Indirate mumber of cxpenments when 1 was b (e 1he W
.h‘j““‘ﬁﬂ'the end of mfwlon. Faty min tev aft v abe t 1 bilinkn
o further serotonin was excreted Urine Tl w w0 alion th dyullh
“:Y Electrolytey were not analyved
%I“P (0ot shown 1nfusion was perksrime | fin 1 int e kg Al then
ﬂiﬁw‘m‘h“’d‘” T tad sev very wi )oen ot eni ik ||’ll~l
b 1Pl Wb {ln
%hﬁf:“u’em]y about hall as lasge wlt ¢ 1w
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cllertion continned for a total of 50 min after the aart of the infunon. At
tat time the cxcem excretion was § 8 per cent. With the corresponding dose
aad taming of serotemun infugon In a normal berd we got the figures 5.2 + 14
Peremnt at 15 min (9 exp ) and 3.6 per cent at 50 mm (I exp } reapecvely

D Swviwrs 13fisoen b preciensty respuaiied birds pretreated otk « mone exise
e okibcier

The tame doss 200 pg of serotonin was infused for 10 min to chickens that
reaned | myfkg reserpme 17 hours before the expenment. One hour before
e infiron started the burd was given 10 my/kg catron mto the wing vein
Eght expariments were cammied out. The urme was collected for 70 mun after
the sart of arotonm knfimion, At 20 30 and 70 min unne collection tme the
crees m per cent of dose given (ATEF 100) was 11.8 & 2.4
12227 and 183427 respectively (Table ) The excrenon pattern
:"’Mdﬁdythno[dwmhcrumammpmmbmm alues
2l recovery and exeesm excretion were somewhat lower

Discassion

d-;:ﬁ““mdﬂtublcmmummnmdnmmlmUnﬂuaﬂmﬁmon
e AR drotomn into a nocmal bird gave an eanly measared excrenon on
mqihzaﬂndcw{mmumu of in appearing in the
&mﬂ!mmlnd&nedwmtmofmnm!hcmﬁmd
m;";“imlmhuhxmmn.bu(lh:muydtheduupvmwu
defimtely o allow such a The cxcom of the
g e nas Leu than 10 per cent and eould therefore ako ba e been due
“ple diffonon process in the infused kidney (5 £xnrm 1948 b) After
.hndﬂ'ﬂhmmmoualcg“:hmdma—nﬁcrrepuunglh:nmclnfumm
‘h%ﬁﬁmrmynndmmwuem}ylbouthdf
nm},m'h‘ Infusion procedure. If thus phenomenon (observed
On e Sparments) bs not due to chance, © explanation 1 not apparent.
Bepuy 2 Pretreated with catron, the infincd serotonin was excreted on
@ the sde 1o 2 much higher extent than in normal burds. The exerction
E.‘d,'_c“m'lluzr.lm‘lcm—nn:il]ve_z-y:r;mllbut-o.r.x:ncl:r:n:ncn:-pu:lc.mcm
MJ.l;rb‘ﬂu!ucrcmninpcrccmddmyvm(Am 100) was
-7 when the urine was collected for 70 mn This shows thar the
A | oo of serotonm could ot be stuied n 3 pormal bard because
K%demwmmmmm
x of excem exeretion strongly point to the conclusion that serotonin
* by tubular exeretion.
U rtserpre with | mg/kg reserpene the previous day and an extra dose
wy o442 prior 10 the Influnon of serotonin was ted m two experiments
ll\m"%mnandmmmmdmmmnpdnmdm\
S dcte byl scand. Pol. 35
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the direction that reserpine might inhibit the tubular excretion but the number
of expesonents was too souall and the great varfabahty of the excreuon fgere
in normal birds made 1t imposdble to draw such conclusions

If 3 previously reserpuured bird was treated wath a mono amine audaic
inhibitor prior 1o the expenment, the cxcretion pattern was similar to that
1n birds treated with catron only but the total recovery and excen excretoq
were slightly len. Thes suggested a possible inhibition by reserpine of te
excretion mechanum for serotonin, which, however did not stasd wp
stanstcal tests. It 15 pomsble that serotomn iy excreted by two mechanisan by
an unspeafic transport system common to many bases and by  reserpue
sensiave ane. Further work fs, bowever needed to settle thr question.

Added 1a proef

This excess excretson of serototin on the fpsilateral side could also be showa to be
truc in birds treated with soldium bicarboasts to make the unnc alkaline to pH &
Thus the tubalar excretion of serototin 1 not due to pH dependent non-joaic dulfasos
and can be contldered to be an active one,

This work was supported m part from the Medical Faculty Unl crmty of Upprals, Jordca,
and in part from tho Svemsks Sallkapet for Medicinsk Fe
The uLhnmp-nﬂyLud:btudem{c-an.thvhhmnmmm
docummocs durmg e work.
Thanks are di © s Txsa Rsmman for valushie belp wrih the serotonio saahes. T

Serotomln (serotonfn creatmine sulphat ) vean kindly supplicd by Sandos Lac, Bard rescrpeet
{rerpecun®) by Pharmmcis loc, Uppala and the mbstanco JB-316 (catron ®) by Lakoode
Laboratories Inc. Alibwsuker, Wisconsin.
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The Solubility of
Carbon Dioxide In Cerebral Cortical Tissue of Cats

Whth a note an the solability of carboa dloxide in water
0.16 M NaCl and cerebrospinal flaid.

By
Bo K. Sunjo
Recerved 4 Jannary 1962

Abstract

a0 B K. The midility of carben dusids 0 coebral cortusl ticce
oats, Acta physbol. scand. 1962, 55 125—31 — The solublliny
crrebral cortacal nmuc from cats was determmed
bomogenata, sedified to pH < 4 {¢f vAx Siyax, Srxoaor
and i1, 1928) The bomogenates, which were peeparcd
from brama froen 1 sis with bquid nitrogm, wore equilibrated
with pare carbon duowde at 37.5 G The carbon diwmde coatent
of the b d by the ufT mcthod

-
E
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A better und, ding of the “'"lnclx.mpcnxntc.ﬂ.'ecuo(ﬂrbua
dlaxidennthec:nuﬂnmmlyuanmqunuboukdgeofdunhxm
withm the bicarbonate/carbonc xexd buﬂ':rtynnnoﬁhctmm.&mhtmul-
cdgcupcﬂmunmtunlylonud;uofpcuablamd.iwd;u]cﬂ'cmamcdby
lh:oomponcnumvulvtdmlhnbuﬂ'a‘lyﬂunbutlhomnudludlcd-huc
shts in the tiwue,

The HCO,/H CO bufler of liguids, such as blood, bas been thoroaghly
lmlyscd,lnmch:md}u,lher:hdonbctwumlh:mpoumuoﬁbcbuﬁa
rymhuumauybcmapn:nedmthebmxlhanmmou-Hmm
equation

co —(Peo, 5)
PHo=ph +1og G 2) o +bg(r°°'(),,m' o o

\\hmp&umm.ppumxmm!mmumdmbmmlcﬁi,h;
the carbon diomide tenuon S8 a solubiity factor (Hermy's law constant) and
Teo Lh:mmmdwnd:mntmtdth:mluﬂon(()o + H CO, + HCO,.
Infwmuhnngth:cqm.mnfwuuhnnhnlogmalmtcmnhmmdﬂw
thtluluhﬂnyufclrbondmxid.:fnﬂmnﬂnmv'lhw and further that oo
mmplnbmmd(zrbondiocdd.c(hkemb-mmo-co,) cxuts. Provaded the
C‘mlunnu:knoun,thcequldonwﬂ]m;kcupaﬁbkmmlmhuud
the factors pH, Py, orHCO.,xflh:oth:rlw(m'Tm')mmnmnd.ll
has been shown unngb]oodphnn;,lb;znuhlpfocﬂixm:ﬁ“lﬂdm}’

A corresponding anal of the HCO,/H CO, buffer system of a tiave
lud\nlhtccmbnlmny:nﬁrmmcdlfﬁcum[nﬂmﬁrnplﬂﬂ.mm
c nor values l can be referred to a sngle compartment s
Lhcnnuc&:oond]y cven if the tinue 15 tentatively drided Into compartments,
nnd.lr:ctmnuuunmtofdmmqunbeardndeTbacdlem

Wooosuy 1960) It 15 debatable however wﬁnhﬂlwmmnmt:;:
represent actual w e condisons, nus,lhcwbandmldﬂmzm
bcmﬂumcndbym:hndmdomomunbnorzhchuﬁcrmm
Thcc-mommmmposcdpuuyolhb:kum:cmcubohlﬂr'”mw
tration of which change markedly in few scronds after decapliauon
MeclLwame 1959) Moreover thdm;cmcuh)ﬁnnxﬂﬂmw‘:nd‘” I
lation of carbon dsaxide n the penod between decapitation and Ty
ulhmw:dmz!hau!mgumepmmmchlnsﬂmm‘b‘ﬂu”
controlled, the total carbon dioxide values must be treated %

when used for quanutat ¢ calenlapons,
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A still greater uncertamty i introduced when the values for total carbon
dioadde content are used for ealeul of tha acd-b: bol of the
theae. I previous works 1t was necomary to awwme that the tsuc carbon
ﬁnid:tmdonmthﬂﬂmcudntmmd(orm)hbodlndfunbcr
Gt the PK, ard the tarbon dicatds wolubfity coefiictent of Blood plasma
could be wed for bran Intraceliular water (Brooms and Woopstvay 1958,
Nrwocs 1958 regarding the solubility scc below) Further amumptions were
bnndn:cdbytheuuoﬁh:d:h-ld.upuemxpanmm and mtra-cellular
compartmenty

Although. cur knowledge of the HOO,/H GO buffer system of the cevebeal
coftex b meager and the meamraments performed are open to thoorctical
objectsons, atcurate mexsurements of the toml carbon dioxide content still
mucmnmcfu] h. Thus, the devel of & method for quant

measarementy of the average carbon duvade tenuon of the cercheal
extex (Smajo 1961) affards a means aof studying an fmportant variable
of the buffer syxtem contimucusly in 10e. Kaowledge of the salubllity of carbon
imd:mthndmnwwldmhhpusﬂ:lcmcrp:mmorauluo!thme
Deamrements abo in termm of carbomic acd coneentration, 1f) then, the total
arbon diomde content of the tipue iy ty d ed, a distinctk
an be made betneen the carbon diaxide dmsolved and that combmed
chemically

The present experiments were prompted by the peed for further work along
the lines indicated above. The expaments to be reported below were under
“hnwlnﬂﬁctthOOJH.CO,buﬂ'crr)nmo(hcmmgmncduadnﬂ
coctscal thme by d of (1) the solubllity of carbon dlaxide, (2) the
nount of carboa diaxdde bound by buffers at different carbon dioxide tenmons,
(%) the apparen: disocianan coostant of carbome acd and (4) the relation
bﬂ“mpﬂmmdmu:(mbwmgdmmdymmmptm
mde to minimize post mottem tmue changes by freezmg the brams of cats

ﬂhdﬂﬁummbmdmnd:mmwummdctnmmobﬂ;ammphq—e
i the presence of an Inhibator of twue glucolyss. Carboa dicxide value

%vauformzﬁlutcdm“aehmdbymnpoh&m
from the homogenates.
This paper deals with the solubility of carbon diemds in cortical thume.
Kt an polated determination in Iatdree homog of rat bealn
0d muscle twue (Nicrows 1958) no of the solubllity coeffick
&nrhmdmd:mampwmmnmnwhubmwmw
The sgnificance of the Buaan cocfficent obined by Ncwows (047 m
COJml of H,0 in tho tsut) b questionable (see Discusion)
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In the present work the homogenates were acddified and the Aooox
coctlictent (ml CO,/g tssuc and ml CO,/g of H O m the tisue respectively}
deterouned for homogenata contajmng from five to forty-fhe per cent celhs,
It will be shown that the solubility cocfficient was bnearly related to the
per cent by waght of tasue 10 the homog; Alter pol: o m-
iluted usue, the coellicents 6.49 (m! CO,fg ussae) and 0.61 (m! COYg of
¥ O 1n 1he usve) were obtamed. Expeniments performed with fower carbon
disxsde temuons revealed that the solobdity followed Heeav's Law a fct
which should excluds adsarption of carbon dioxide in the umuc mnder the
expernnmental conduions chosen.

Additsonal experuments were dooe to determme the solubulity coefhioent
for carbon dioxde 1w Q.16 M NaQ in eccbeospuial flud, and m water
The experiments on water whuch served as & test of the methods wsed, clearly
mdicated that the majonity of cocff given fn the i are tod high

The solubility coeffacnt for carbon dwmide in flsue derhed from te
procat cxpenments made st possble to study the amount of carbon dicode
bound by buffers at different carbon dsoxide temseans, the pK, of carbonx
2cd as well as the relauon between pH and carbon diaxide tensoa 1 e
homogenates. The results of these experuments will be presented m sulsequent
reports (Siesjo 1962 b—c)

Thary
thl'lhwm(ulhulhcnmmxdwdbi\dmlhqwdndvﬂihwm"
owwmd@wmq@wmmmmmmww
diocnde tennoes the equation can be written
Puy K = (COy)

hmmwmmmmwdmmhmwtmmm b
the solvent molecules

o

CO ~ HO T H,CO, Ku = axgony/aco = 00017 at 38 [t

hhwmmmwmdenﬁmmm:
mh)dmw,pullyubydnudml‘hchdnmdfamdoa.bm::“ o)

pant of the total carbon dioxide ln sohustivo (¢f Esaart ¥RAx o
Mhummvmﬂmdmwbahhmaﬁhxmdwbﬂw
e iy B vmeall orpeend o 5 socEicemt the two most widely wcd o
fisenns bemg the Bunax amw(a,mwmmdmw?’_
(L or 4) The Buss mlm,udeﬁmduwmbdtb'dm‘“*:m
standard cooditions, of gas drsoived ar | aun, 10 the olume b Lams

{ a% Siyxz, Sespaoy Hm-n.umd\:.n.l.lmﬂ.unugn
arythrocytes {vax Sirke o o 128 and body far (Nswous 1937)-
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xd the rbon damnde teniaon arc koown the carbonlc acd concentraton can be
aldated thy

1,00, (i = 22 IR0 )
N the 1 alime
hl‘;‘m ‘ of | mg-molecul of CO at 0° and 60 mm Hy (Guit and

1o the maoney of previous sudcs, the carbon dicxede dmwah rd has been meamired
® pirmal means. In cikeulatng the cocficens, the olume of gas wia reduced o
wwmmwmhummwww

dasce wah prevoos work (vAx SLYET « ol 1978) the was
Tm the  mhacripe (%) when the carboa cvocentration was calcolated per g
o warer in the

Tractos may be of bn ¢ » n water
e of acuifying the water and the 1alt solonom way followed (vAx ScrEx
%o 1928} The ackh : when working wih

HCO —~ A ==HCO™ - HA ©

T rolahality
Actount for this inflsence correctnn factons for the added 003 ba  bren determied
x4 v ot o, 1925 These factors were ueed In the prownt work.
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During the wholc procem the frozen fragments of corbaal tsse were not alioned

Iatter was closcd with & rubber stopper lea 1ing & snall shit ¢ the ok of the bome-

1he expanding gus to The tmuc was then bomogrolred o
3—5 minute, care belng taken that all fragments of tissue werw ground up. The surface
of the glam homogonrrer was carcfully dricd before the homogeniser was once apam
weghed to determine the amommt of tisue The latter was thus cxpremed a3 perear

»

The water used was distilled once and acidified (0 & concentration of Q.1 L
2cd or 0.1 N hydrochlorde aad. For the determination of the solubility cocfdest
m water tho lactic acad solution oc altcrmatively a G.01 N HC! solution was weld

hctie acd.

Faor equilibration with the gasts tsed the homogenates and the sohutions were -
ferred o ball tonometens (Lavk 1951) in a water bath, the temperature of whech #
kept a5 8753 C (£ Q1 C) To ensure that the gans attained (he temperature o 0%
wnabuhthcy\mhdwm;hmpp«mbubehemluﬁm:hwchmﬁtﬁﬂ*
Double amples were taken after sbout 30 minute and 40 munutes equilibration, wof
ardipary glam with sdfient bore to pamat s 0.1—03 ml nopé
to be pipetted in sbout 1-—2 scconds. The pipcties, which were kept at the tempcrassed
of the w ter bath, were fluahed scveral times w th the cquilibration g bekere B¢
samplos were taken. The speed of tho gas fow was increased during tho mumplef

bydrogen beavmg®
carbon dscmde tenslon was calaulated aceordiog 0 the usaal formuls

Peo, = Ec_:(";.g (B— 48.4)

@
e
whore B s the comected barometric prosur tn mm Hy and 484 the vapor
of water at 7.3 memmradﬁmnmw
2 duately before each he
The carbon dioxde content of the cquilibrated samples uudanmbﬁ.““h ;
rmscrodiffimon method of Conway (1950, usng 2 A wilts (GALLENBRAM L
aod & 500 gl bonzontal burctte (DANSK LABORATORIEUDSTYR,

Performmed at the Lostitute of Physocogy Lusd —
The method was suggesied by Dr £. Buaon (Dept of Analytical Chemistry L2
help i gpraschully ackoowledged.
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&

L Comnay
[l

H
I

8

'l--l::uy it
LET
POh = periieny
:?ﬂ'nzium:r

eougted at the
bt el of o teed yeali v 1 2 dem
PR

T:;ﬁmimmmmmmmm.mdh
by odiBeation of that described by HouwJuoeex (1951) Thus, & sceood drill
mimhﬁm)‘uMmmmmmummd
to it with tbo Bl In piace, This additiona) hole conld bo con ered with & steel chamber
Pecfmng the cait with carbon dwside — free mbrogen gas Contact was made
"“@&mﬁmmmmmbyma{mmﬁndmmm
Camber (Fig, 1).
way perforsed ai fallows the unlt and tho penpbery of the drill boles
vaschne and the bds brought Into place. 0.3 ml 6] N HQY was
chambers of the units. Nitrogrn gae was then pased throagh
Shawber and three

01
N Ba(OH), (with thymolphralern a1 mdicator) was pipetted
chambery of the

H T
gigfé?é&ﬁégggé"’
4

o

gEg& ;
s
AlEE]
it
ggﬂ % gi
A

gé%é} il
EE&?E Eg

of casbon dioxrde{free nrirogen gas. The normality of the acd
chechnd by ttratioa with ackd phitalate (\ B 8}

of carbon ed 1 g and calcubated
o dioxde trtrated was exprowed m xM g ac

fég

If:
I
i

i

o —Ta
('X),U;M/u———zm'“'———
T are 41 002 N acid arated for blank and aample respecuvely and
o the

sample in gramm.
efBckens (y) was cala cding to the formula

760 €O, 1228
7T e, 1000

®

#=f
li

£

®)

i

4
r
I3

sobuzion. The amount of water 1o the timue wa measured by deying pheces

" the carbon duaxxde coocentranon was expremed as aM per g of
-
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TMI&MIR;«M(-!CO.J;)V‘WM:::-&N&ll/«-a-dm-h.

wwm—-:{a x--nuc-hqfl&m Y = mowker of detrrmisatver; gy =
ﬂnlam‘u&qt&l&ﬁgm{ﬁﬂ xber the deprrsiry

&ﬂbmﬁng“wmf";ﬂqﬂm’ il i

Sohition < Rasge N Cu
Lactic ard 01 % assio 0346203584 ] ~

HQ QN 03318 0545105592 19 #0810
Water acdifed assis - z a0l
Water not acdified ase07 Q5501 —0.558] » (11
NaQ algag 43306 0523908977 12 (o1
¥ L3296 0822005358 n (1t

dmmmﬂ:uumcmdm,mmu.mmnmm
}“““‘"’bfwhltbcmmdnmfnmem(mL; vax Siyog d o
28).

Xnmd.mznuh\u&mdd(lmn:mmmcdmuhm

hax-dduwcﬂumch)drwmhmaddcdmwcbamogmzaddnamﬂm
daoexide

acd, The L
was calculated from the Homezson- equation, usng a pK’ for lxe
of 174

The pH of the bomogenates war determined at 37 3 C with the micrametod o
Axvamsex, E ore, Jonomaxx and Astavr (1960) AD pH valus o

1o the 0.03 M phralate, phosphiate and borate buffrs sccording to the saodarth

AN RS (Barra 1954, (For interpolated values af different temperatures see MATTE
1953) The phualate and borate buffers were ucd to check the Lncarfty #ad tbe aoplé-
ation while the phorphate served a1 wnmry”mnd.udfarlﬂind.nﬂmllt”::

Resalts

The saiabilly f cerbon drozsde 1n swater Prior to the lubalty measurcmes
the utration method was tesied on freshly prepared carbonate solutioct
Eighteen deternunatons un 2 solutson contamnmg lOpmola\‘:co-/‘(\‘u‘;
P-4) gave a1 2 result 9 9 - 002 prolesfg (mean + 5. D of meas)
proqdmmcdmdnamuclhcmluhthqmthmtﬂ&dwwﬂz:;
of the solubabity cocficsent for carbon dioxde i water at 37.5 %‘M
xduﬁomo‘ﬁl\hai:mdoal\lhyd:ochlodcmﬁimraulumdu
measurements, a3 well & of the measurements on Q.16 M MO
mdwmpn;!ﬂmd,uthmmngbkl Ilumthallhaeum"smf‘ht
diﬂamccbducmlhe!-ohud;u!mdxﬁcdnwwlummmm‘:]"
of all mcasurements on water 1y 08318 (ml CO,g water) If ths
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rreord 10 38° €, aswmmg a 2 per cent change per degree (Baxres and
Wesrrsy 1950) 0.546 1 obtamed. The latter value should be compared
vk the cocfiamty 0547 (vax Stvee o of. 1928) and 0546 (Banrsss and
Wearrxy 1900) carfier determuned a¢38 C. There ks thus an exeellent agree
xat between the three sets of determumatons. The drvergent values obtuned
by oher workens, however made it deurable to detenmune the solubahty
ocffioenr abo ko water which had pot been aadified previowly (see Dis-
cmm) It is sem m Table I that the cocfiaens thus obtaned 15 abmost
2 per oot hgher than that obamed on the aad o

The lieiity of carben diomds x 0 16 M NeOl oxd in cercbragpzal fnd. The
wlability of carbon dumde In CSF has been amumed to be the same a5 jn
2 uk wmloon of the ame jomc srength (f Aumxaoix, Grurass and
Luomrux 1961) To tat thy asumpnos masurements were mede ga
16 M \aC2 solunms and oo acidified CSF (Table I) The coctficient ob-
Saed at 37.5° C op the .16 M Na(d solunoas 0.3306 (ml CO /g saluton)
X m guod agreement wath the value of 0.527 (m! CO 'm! soluuan) a1 38 G,
“hich cxm be derived from the wark of vAX SLYKE of &. (1928, Fig 2, p. 776)
1t 1hw serm that an alimost adenncal solubalsty coefBorent (03296 ml CO Iy
x0m) wag obiained on the CSF a fact which strengthens the above
Yeemzaon.

Tt nlbilyy [ corbou diesade tx castonl tusme. The nmanon method used
maarty the amoat of carbon diexide dissolved o the sample as the tme
@withdrawal from the tonometer and amy carbon diande which conld posibly
B¢ formerd dunng the tane aliowed for difivnon. In order to cvaluate ths
xarce of erar 18 determomatons were made on diffrent homogenates cqui-

with carboa dsaxide free nitrogen gas. In 11 of these no carbon diomde

*u crobed, the mean aloe of all 18 ) bemg .08 gmolalg
oxmogenate. The carbon diande produced should thus be an smagmificant
Sucton of that duolved when the h w d w th pure

ere eq

:MMLMbvmdmdccmammmmlh:abowﬁgwcnﬂ
m“ﬂ'fnfmangnﬂanxpxnufmcmallmmo(gu:mhcd(;boul
P ctut at 1 per cent carbon dioxide!
h&‘m@mummﬂdwmmwm,md
hf“hnobuxmdnmpbandq-mupaccmbynaghm!mxaldsme
ﬁ“* (Fig. 2) Each mdsvidual value @ the figure u the mean
™0 10 four deserminagions umually two double samples, each w th it own

} The per cent by weght of bram thsue 10 the homogenata  aned
n5lﬂi45pacnnLHomo(mMammnc=nu1mdlhmthnmld
:‘b‘ nth:yrhdnmﬂowfrcdyamhwpa‘mhcqmbhum
Al homogenates pH was below 3.90. In a gl en homogenate pH variations
G et seem 10 ha ¢ any wnfluence  pon the results as judged from the cock
%Wﬁmwwamp«mmmwﬂguv
% setn Lo the figure that there b finear relanon between solubdity codf



‘PPI)mthefﬂfmulloflnnsqmru to the homogenate values, The valus

ah;;lfo&dggdmymdmey orunduuwdcdhmam(mlco‘l)ﬁ
JE of water) Tapecuvely The analyns further showed

bo:.hﬂ:grunonlmulnxmlcdﬂwxcmpcrcm[hmnwl a value that

mmimmachmmdhmmummmmlkw
12 particies in collodial solutons (Freroy and Winsus 1913) aldbosgh i
hcko!mfnrmauunnlnnpﬂmlhueuud.bandmiudeﬂﬁm““‘“

Lo of the solubility cocfliaent were

hwmbondhnd:nmﬂmmzsmlsmcmwbw%
8a% Do deviations were found from the coellexents

equilibration e
u{lhplmmbondnndLAllLﬂlhmmnnmmdonah"‘““M
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Table I1. SAnbiity of corbon Saside ol locw carbom diarads tamrions.
nar calonlaiod @xwding to cpwasiea (9) ACO s the difleronce

caloulatrd per e Hp  mm Hp 15 the carbon Sasids bamouas i the
sbecs oxprimmts

Peo, Per ot 7 4co

== Hg homog. ml COy/g Ay

BEEEE2:
BEEREERER

3 progremuve meresse m the cocffamts obtaned (Table 1I) This incresse
¥4 sugpertive of an adworphon. If, however the differencas between the
mount of carbon diomde evolved at the lower tennons and that obtained
with pure curbon diomde for the same tenxlon were plotted, the 4 CO values
1n codumn 4 were obtained. Thes diff were cvidently not greater than
that they could be explained by carbon dioxde m the homogenates
(2 above) The resdts thus gave no mdwcation of an adsorptioa of carban
donde in the homogenates but showed that, wathin the expenmental errar
of the present method and at the actusl pH values, the solubility of carbon
Baxide followed Hoay' law
Celoxdetson of carbonsc and 18 the homep The solubllity coef’
ﬁbmt(y)dmwdﬁ-nmthcprucn!wodunbem:dmulcnh&cthﬁmum
of carbonac acd (by conventioa the total amount of carbon dioxide disolved)
B different cortieal timue bomogenates at any carban dloxdde tension. To do thix,
oac hay only to draw a straight line between a sevo pownt reproenting the
tolohility 1o the hquid wed for bomogentration and a 100 per cent point
the solubility 1n undiluted tmue A wmple intarpolation will then
sne the solul in the b at any tusue . If the ameunt
of carbon dioxide n expressed as pM/g t wll be given by the relation
CO (sMjg/mm Hy) = P, S (t0)
where 8 s the solubility factor given by the equation
y 1000
760 22.26

The 8 values for the bomogenates, wung aither water or 0,16 M
hom'mjnumﬁmd,mdmhlﬁ‘llfmh:rhcmoa

8
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LI B I T TR T T R
Fer cont thasue

3 used & new line can bo comtructed, by imserttng the solubthty factor fr
ﬂmp&rﬁmhrﬂuidumpoinLIuﬁndlngthoblubﬂityweﬂiﬂaﬁfa’wboﬂ
dioxide m the Buid used, advantage can bo taken of the fact that the effects
of the added ions upon the solubibty are additive (var Styxs of o 1925,
Manxuau and Kons 1941)

Discusslon

Tha selubrlity of carbon diaxids w water ‘The valicity of the titraton method
wed in the praent iovestigation for the determination of the carbon diade
content was confirmed by the measurements on the carbonate solugom.
mmmlh:dmcnmﬂanrybctmlhnpmtnlublhfym‘h

thon dioxrde in water and two such coeffisents determmed earlier (vAX

Y{:ddd. 1928, Bagrxis and Wasrexy 1960) at first indscated that the

ure followed m determimng the cocfficent was a valid onc. A sudy
of the hterature concerning carbon dioxde solubdity did reveal howeter
that the above coefficients were lower than scveral others reported. Althoagh
the d cles 1 ere d on sometimes, o explanation was put
forward to account for them. In order to find the cxplanauon a compansa
vas made between coefficients determined at 23 and 38° C. The Omwas
coefficients () and the Haxmy s law constants (Q = g fatm.) were o
verted 1nto Buman coellicients (a) by applymng the formulac (at25 C)

273

am ol am226 Q4
where d is the denuity of water At 38° C the compansoa was made betweed
the Kuexxx coefficlent (y) after correction for the demsity ol'lhe’;éawm
wed (Table I1I) The volume of ] mg molecule of CO a1 0° C and
Hg was taken a3 22 26 ml
It 1 yeem in the table thar at 25 Clhemaj.ruyolcodﬁamnnppmmﬂ
to 0.755 while one (0765 Harxgp and Davis 1mnumn@3‘7auﬂmw
and another (0743 Baxtais and Wasrzxs 1960) conmderably " C
all the others. The huzwn cocfficient obtained by the latter workers
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Tobe [1L, Compariom etxcom solabili(y cocfhrests cporied- &~ Ostwarn cxfiaet
(0 COLJro, pos colmma meossseed o sctual temperatr @ w B cacficwt {md COymd,

reporied wert
(e 4], The selamw f 1 mg-malscwie GO cout assommad 0 be 2235

foviist. el fi= fen 'E)
Yo L5 ams 0787 0558
o 10t osm ¥ =
Gurrexae 1994 axs arne -
FowoerCraxanros 1419 M7 ey -
Foours Susx 1912 s o7% -
Foaes Wosss 1913 asi6 0748 -
Romans 152 ans as4s -
Y fnsad i08 - - 387
Moacus-Prex 1830 (Y14 sy -
Sxorovrcr ichras 1948 asty 4131 -
Kowe 20ssses 1953 - e -
K ool 1157 oms 87% -
CoomBammron 1508 a8zt o 52 -
Marnaahore 1041 - ars? -
Haxo Davw 1943 - P 038
Rumnelvorte 1960 - 743 854
Tasmoer Woms, schdfed - - ase
P Wos, ao scklified - - aass
(W745) f, however m closc agr with the coe biained by

raen dgued The cxpl proposcd 1 githoned by the peesent
el on nooeacidificd water The huxsex coefinent ton obtained u m fax
sgresment with the values obuned st 38 G by Hawan and Dava (1943)
a0d by Bomm (1899) The problem of the true solubillty of carban dsonds
thus secms (o rvolve 2 question of uwrmmology It s dear however that i
a dininction 1 to be made between true solubality and chemacal binding the
dubifity coeff thould be ed on waer whach doey not pomsess the
ability 1o berd carbon dinode 10 vhe form of bicarh The wame

must hodd for salt solutions.
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ﬂsdlhhgqfwbuﬁanhummdmmbnm The method wed
mmumm!h:vdubﬂnyolwbondwndninlhehﬂmgmuadoahlu&

muldngfmmthah&ndﬂngothcfruzmhﬁm.Thsmuunlapmmmu
rcfandmlbov:dninotmdlummymbondmdd:pmducﬁanufmmda
mﬂ‘iumttoinﬂummthzrvsnlu.mfurlhcmndmrmm'm o

mﬂicl!u!hatthemluhihtycocﬁnmtdﬂwndforundﬂm:dﬂmxuvlﬁdh
lh:sccmddcmndpha,prmdcdo(mthnnmhtr:hm
between solubility coefl and orue ion can be amumed to exst
also at gh traue concentrations. The latter awimiption canmot at present be
PrwcdapmnmullymmmrkgibyvuSuuaaL(mZﬂ)h-ppmn
mmhbk.kwmtmmctﬂ'mc{thndmlymmdmcnhd:d'lh
tusu:upmthcw[uh:htyxh)uldbcuthn&mlhnwAmLhnuumpum.
which cannot bs subjected to expenmental proof, concerns the effect of the
rtpll:uncutc(lh:buﬁ‘crmmnofdmunucupcnmdlﬁnﬁm.mﬁ
thus 1o way to decsde whether the undimociated buffer acds inffuence the
nolubihtymmothadq;methmdothcbuﬂ'ulnhm,d!hulghhudﬂ'
thcdxﬂcrcncc,xfmylhouldbcmdl\mdcrth:pmtmndldm(lf
AX SLYXE o of 1928)
jrhcﬂpcrunmuonmnhomogmn:chxly:howthnthcnlubﬂ]lyd
dicxide per gram homogenate decreases with increxsing amounty of
m:mmmdubmtypamofwuumthcmluumhﬂ“ﬂﬂ
lhmimmmcmthmunngocumulﬁm.nuhucrﬁﬂmsm
cates that, apart from water some other tmue constituent (or constitucnls)
Acls a3 & solvent for carbon dumade and 1t {5 temptmg to ascribe the solnag
apaatytotbcﬁp;d:ufth:umm.Apoddvcnunnmzamot.hmﬂﬁb‘
made on ths powt. Thus, the cerchral cortex contams oaly negligible amosats
of neutral fat (¢f VMeltwae 1959) and nothing is known about the inflacace
uf!h:rpcadhpd;o!corunjumcuponm:nlubﬂltydm’bonw
Further ft cannot be excluded that other cell comtitucnts, ke protiss, act
s ohvents for carbon dionyde,
Ixuddxnhlcifmnmrmmuonm&wumxhﬂwlﬂmmo:
l%&)dogi\tmymﬁdmﬁmn;ﬂmmtbcnluliﬁtydwbwdhnd‘;d
lhzbﬂm.Thux,ncucfﬁucmubmncdﬂ'umnmbcq)amuwW‘b;d
wdnﬁnsﬂnhbdwcmdmummdwbmdmﬂd:m‘dmm“w
repectively Morcover the apphcanon of & cocffcsent thus obtalned to
basc cakeulanons will be of very hoited vahue as long as the ph, of carbms
;ndbrmddum.hmduulhznm::ynmrﬂuuyl“h'd:w‘;“ﬂ:z
woald still be adventurous, partly becawe the lipds undoubtedly con ™
to the carban dsaxdde buffering partly becauss the Upd extraction o5 4%

=
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chnge the Jonlc strength of the system since inorganic salts are removed
(Foren, Laxs and Sroanx-Staxuxy 1957)

The makn value of the present exp B the determinaton of a coel~
Soeut (y) which nuakes it possible to dutinguish betw een the amount of carbon
dinde dusalved and that bound 38 bucarbonate fons respectively Thu, of
Ue carbon donde tenroa ss well as the total carbon dioxide content are
kooun, the bicarbonate concentration of the tmue iy caadly calculated (¢
eqatbe (1)) The 3 cocficlent has no weful meamng other than that st
demoastrate the cagacity of the bsun constituents to dusolve carbon dioxide.
“oat of the coefficients, however is # good measure of the $ factor n the
desormmator 1 equation (1) sinco this factar thould denote the carbonic acsd
cmcetraton m the water phase of the system under study (¢ Sasjo 1962 <)
htb:mwmt,mumpu“mmad:wscpuucdxdtu:b:m

fadonal baxiy for auch a procedure. Moreover ft can be shown theorcteally
tas it § highly smprobable that s lange part of the bicarbonate of the tiue
® confined to the conventsonal chioade space (Saapd 1962 b) It is felt that
watll firther knowledge s available concentradons are preferably related to
%muluhnhSud:lp@Jdedwmﬂmdvcmymdam
Back vith regard to the present results as thelr prmciplo value should bo tho
pomilility w datnguish betw een the carbon dicsde diabved and that bound.
%9 applied, 1ha present extrapolated coefficient might even be asumed to bo
i for intact teruc,

Tl oy extgatiom was sapporscrt by frde of the Unerorlsy of Lumd. The technioal smistance
¥ )M Uxnza Mivas and Al hiaplos Ovrexonn i gramfully schoow kedged.
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The Rennl Excretion of Lipoid Soluhble Substances as
Exemplified by the Excretion of Ethanal

By
Cumstian CoNe
Recohved 1 Jaguary 1962

Abstract

Cooum, C. The nowal sxrreism of bpod wivke substoncer s xomplfnd
bdturrd—g’dba—l.z\cupbpolmnd.lﬁ A5 H2-352. —

cthanal, an organic substance for witich th kidoey b 2 ey poor
ogan of cocreton. The purpose of teating this substance was Lo see
whether the general laws relaung chemical constitution kod abdity
o cellular ok lated by Cortanpes and
mewwmwmmﬁﬁh&‘m
m accordance with that general rule. Contrary o what i waally
found for pasively transerrod mubstances with higher clrarance,
the U/P-+ano s were found to bo kowest at Jow rates oc urine flow
The U/Pratio varied brtween 0.9—1 | over 8 wide rarge o rases
of unne fliow Further t was shown that for ethanol the reaal
paplia only very siowly sttams equilibrium with the arterul plagna
and ws €xhanod 1o the fmal vrine o probably in equlibrium wib th
uterstiual tamss of the papels tha fact sircacs the  beol te oecesty
of mak ¥ comtant aof cthanol in the arteral
blood 1n experiments ou the renal treamment of thes subsance Whero
casily diffumbic substances are coacerned the rensd papilla bohares o
JODE EXLENE &) an & (onamote part of the kidocy

Nrarorn and Hemrne mw(lwxw)mwmﬁ
of different non-clectrolytes urea, tuourea and denvadl ‘e of thiourea o
that the c} of these substances d l‘ul.beﬂpotd—ma‘yﬂﬂ‘m
mcﬁcm:mmtmm:ob.mMmmwmnmcMﬁ;M
diffumon of nan-clectrolyter frim the tubular lumen to the wmtenti ri
mpmmmmu.mmmwwmfuM(WM
noo-clectrolytes acron cell membranes, formulated by OveaToy

M2
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Iz by Cotomen and BAnugm (1933) They showed that the abality to
Fo» blological memt by diffion & dependent on the tendency of the
mlccule o form hrydrogen bonds wath the water molecules or as they stated
the polarsty of the moleculs u the most mportant single phynco-chemical
dundemtc determming the rate of pasage. Many mvesugatom on tho
rmlm:mmc{typzaﬂypohrwbumw(polyvﬂcmumhnhmdmbo-
krdaum) bave been publmhed, bat the cxcretlon patiern of low polar or
"'thrmhnnmhuhudlybccninvuupmd.Anudydzhcrmxlcx
eton of ethanol may therefore be of some mirrest.

1t Loown that caly small amounts of ethanol, about 1—2 & of the original
o, are eliminated by the Indneys. Thu indicates the abmence of any marked
ity of tho renal tubules to concentrate ethanol, and = the sbstance may
be grouped 1n accordance with the Collander Barhmd scheme. However 1t
hnbﬂlﬂwhahncrmzlhcrmﬂmbulnmmm:dnndm
¢ mall catent, or 1f, tnder steady state condinons the ethanol concentration
= the unpe » wdentical with that of the water phase of the plasma. In the
Precnt weries of expermments the UJP,, rano* for ethanol has been determmed
P 2 wide range of unne fow-rates. Earlier expenments on renal exeretion
o cthancl have only bem performed under conditions tn which the kldneys
*ere producing a dilute urme, as ethanol blocks the release of vasopremm from
Ue nerobypopliyds, This report nchuda observations made at very low
mﬂdﬁﬂ'ﬂlh&huibydmumunm{nﬁmmdmudinmﬂchmmnm
As the cthanal concentranon in the unne 1 close to the concentratlon 1
e water ¢ I3 reasomable to amume that it i the concentraton of cthanol
B the rema) ntersntial traeue that determines the concentranon m the urine.
hhnbmmthm(ynnthatﬂthincymlybCYtglrdcdn
Pming of two separate parts from th pomt of ew of blood perfemon
{oortex xnd medulla) because there fs 8 ratw of 20 1 between the cortical
22 medullary blood flows (haasae, Trueav and Drerx 1960) In conse
‘l‘tnc:thnmdulhryp;munh;hdncy‘mm}ymﬂmdzmguluth:mahl
cocentration of infised teaxt substnces relatively slowly and tho counter

o exchange
cqulibration of the artcrral plamma and the inner parts of the kidncy
pechlly In the papillac. These connderations, together with the expected
Tbbration of ethanol between the collecung doct urine and the
el flind, strew the importance of malnfammg a comstant blood level
o ethanol 1n imvestiganons on the U/P ratio of thi substance.
3 were mada to find how lmportant ot 1 to maintan a coostant
mﬂwmommmamwmm

mmwh_ﬂm»mmmmwmmw
V;mmhmwmu—.mmwumm.m
“rriflen the comcoatranom i the watcr phasc of the plaama, calemlated a4 the ploxes
x 1.

—
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tra:lcﬂo[ﬂhmojm!h:urlncwhkhfuﬂwlhznplduub&hmmtmd
of an fmately Jevel of plama ctbumol

PP

ctpccwdlhnduethmolmucmmhonmudnedwu}dbcbmthuthﬂ
mphmn,evmlrmcqumhnmhndbccnuuhh;h:dbctww:mcmm

Mﬂwum&edfmmdlh&:mmmcmtth/P,mﬂuwuknlhu'
in vitro experiments were performed 1o determne the ¢thanol conecairsom
‘nphnmandmme-ﬁatbcrwombumhadbemcquﬂfbnfd“‘h
eih.\noll!thtnmclcnnon_

Materfal and Metbods

t D“""‘“‘-U’&U/mewwmmmunmpqﬁmdum
mongrel dop (weight 1323 ky) In (he majority of the experimaonts the aclmab
were anesthetized o few e cxper

with Nembuta]® 25 mg/kg body weight Ia
" becauso i war difbodt

sart of experiment. In 5 at wrine fows tho animals wae kaded
with water (about 3% of the body weight) Eﬁmm,, tJow rine flows Fiarowst
as coutlnuous mfusan of [0—40 mUjnle. Riood s sampled from

uzing peniod,
2. Experiments ko deicrmane che thana! concontratin 3 pasme
The expenmental procedure may be teen from Fug, | The fuks (A) coatals pas™
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mmmau-mmmmmbmmch-m
-nmmmw&mmmmkmﬂnm
froen the reservar D coouinmg an ethanot shsion ch. 400 myf i3 mi. The duravon
of tho exporimenis wat 43 mao.

L. Deternnstion of o i reqwieed for qulibeation xik ohenel of arkrad Maswn aond
Ay i 55 the romel pupaila. Jdeally these experunonts require  constant concentration

The thme relatsn of the e {n copoenratin of cthanal m e orine was fotlowed
by mmpling urtne oves penods of & few mimaa dumaa. In ordes to avowd delay
i the pasge trough the kower urinary tract, the arine wes collerted throogh shacy
thén polyetylens catheter smestesd in the renal pelvie

4. Detaconnatson of (ot fucs of shansl by £yfcrian wt G oty srmery tract, Tn dhese cxpere
ments  polyethylena catbeter weas ucrted o the wreter jort beneath the pedvi.
infusert thagugh

Tuch
dhan thsoke for puure water mmmmummmﬁu:a:m}:f’;
wazpke and it win Werdorr found to be necemary to he =
Mmm(ﬂmwa&mdbwmw)m@mhd‘zﬁ;y
of watey gmlar to 1hat vaed m the the procedure. Faflure o oada thie
bou cxa lead to exvoncousty hugh valne for (he whve “’“‘:
t’mA-Awmde&mmanmh,ﬂm proc
tha ciminated
In  few

In  control amumal aoesthetzed with \emberal
T A0 en caperiant eeting 34 hours 50 cthana® was found fn the
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Fig 1 UfPcato for ethasol at rasg furine flow Ordinstes U/Petatio. Abucimecs
Uriee Sow mifmin, (For the 8 of U/Purauo, see text}

* Caliulation of the UlPurtatse Av sated i the foot-aote s cakulsted concenteation

thwucrphnewmcdhucnddtbcmcmmuonhthuphmmi
. caledaion of the cthanol in the plaums water was performed by mans of 8
-oftant correction factor | 05 Asuming a mean protein concentration fn plasna
o7 £/100 ml and & pantial specific volume of the proteins of 0.7 the alume ocrepied
by water would be 93 %, of the total volume of the plasma.

Results

L up rete [ ethanel 20 expenments were performed on 8 dogr The
urmne Bow varied between the limits 0 03 mi/min and 6.8 mi/mm, The resulls
arc given in Fig 2 It can be seen that the U/P, ratio b always closc to

Af low rates of urme flow the rano tends to be samewhat lower than |
while at flow rates higher than 3 mifmun 1t tends to stabulize at 1 1 The residsy
n ooe dog deviated from this pattern in 2 expenments oa this ammal U/P
rato's of 105 and 116 were found ac diureses as low 1 0.2—1.3 mlfmin
(these results arc not shown oa the figure)

Obscrvatlons at low urne flows were made w experiments where the low
ﬂnwraluuu-ecbhmcdbymﬁuiouo[p‘ummlndnhuhapcdmw
where the low flow rate was spontancows. Mo difference could be detected
as a rexult of these two diffe perim I coaditk

memmmdmumummmmmwcﬁﬁaﬂ:
that which Is wsual for other substances like ures, which arc amumed 10
subject 1o only pasmsive transfers in the kidneyy, in a1 much as the mmallst
degree of concentration was found ar the lowest urine fow
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From medico-legal investigations it o known that one can find rather high
U/P raucs of ethanol when the concentration of ethanal in the bladder urlne

maton i the plagma drawn at the tmoe of anoe collecton. Thos can probbly
be explained by the fact that most of the urine was secreted over a period
tdurmg which the blood ethsnal concentration was higher than at the tme
of collection of the urine mmple. One axpenment in the prewnt scnes was
Performed oa falkng plasma concentrations and the urine was peruntted to
3y ia the bladder in this exse U/P ratio s of 1.34 140 apd 1 66 were found
{the umne remained 1n the bladder for one hoor n the fint two cases and
Tor 2 hours i the Last casc)

2 UIP cratw of chansl a5 duicrmined om xrine from the poliss and from ha blndder
In order t investigate whether the bow U/P_ ratio found at low diurcses
were due to equilibration betwcen urine and planna doring the pasage through
the lower unmary tract experiments were perfonsed 1w which the urine fom
ooe kidney was collected from the pelvis and that farmed by the other from
ihe bladder In 2 experimenns aof tils (ype (with 11 collecnon periods) it was
Somad that th UJP, rano in the pelva unac was 103 £ 004 (S D, n = 11)
and in the bladder unne 0.98 £ 004 (3. D n=~11) The experiments
sbowed that the low U/P, mato » already preseat in the newly formed unna
and that the U/P,ratio n reduced somewhat dunng the pamag

the nreter as (he difference between the two figures n signflant (P < 0.02)
3. Exchaxge f cthanel bitooen wrne and enterstitial fd it the boxcr wrinary tract.
The magnitude of the diffudon joss of ethanol m the Jower unnary tact was
Ivatigated m cperiments where a large concenmation gradient was a-
tablithed betuween the fusd in the urerer and the blood In an animal not
tontaining ethanal the ureter was perfised w th & solution of ethanol (166 rag/
100 ml) and the perfuston fuld was empled through an indwellng catheter
In the blsdder By arymg the perfamon mi the diffuson Lws could be de-
termined ar different diwreses The remulns are given m Fig. 3 which shows
that at volume Bow greater than 1 mi/min the diffunon los 5 iexignif
while It js of Importance at ey low dumresee
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tranon of ethanol in the rova] aniery and 68
ot oo oo resa) Abacsmse Tome Lo iz fro the siart of e O 0
fusion. The trateons @ the blood are guven s the ConoenirAloed ~x, CeoiT

the int
petvas, represent the ethanol concentration 1n
roost part of the Kidney By etablishing s reasonably
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mlbbhod&m&cumdlbeupammuh:bu]dbcpoﬂ:}cmgﬁm
fepreaion of the rate at which the renal papilla equilibrates with the arterial

munpcdmmuhxvcbcmpaﬁxmd,thcrcmluofwhhhmngm
aFig 4 In two of the T the e in concentration in the renal vain
‘-lhoiﬂawui(naﬂzcmruumuodumdinmtbe»undlmughmfumnl
vem) Althoagh It proved difficuls to maintaln constsnt placma jevels of ethanol
fom the rtart of the cxperiments they clearly indscats that the teuc in the
ezl papla only relatively slowly attains an ethanal concentration smular
mlh&\ummdphmmmhdnzy In theso expariments the
cquilbraton times were found to be 13 23 and 36 min. The fact that the
“hanal concentration in the blood Is riung durmg two of the experments
teods 10 delay the tms for defiarte equillbration. The cxpenments show
bewever that the ethanof concentration of the rensl effluent blood ‘ery
Tpdly rees towards thar of the arterial blood and this demonstrates the
matked difference 1n perfudon mumaty betwern the cortex and the nmermost
wre of the

5 The comcrntrairen of ethesl i plasma iaicr and 18 wrine of tgwal tenswas. Some
B Nire experiments were perft d to Investigate the possibility that the
U apos of lew than 1 which had been fooend 1n many instances at low
T3 of unse flow (sce Fig 2) were duc in fact to a lugher solability of cthanol
@ plaema than in urine. The tmo liquds were exposed mmultansouly to
hanol vapour (see F'g 1) The concantranon of ethanol m the plasma water
& caleulated from the ethanol content per olume plauna (usng the correc
Yon factor 105 sec Uethads) An & rerage ratwo (U/P_) between the abeorp-
ton coctficzents in the two fuids of 095 £ 003 (3. D n = 23) was found
e tudicating that plasma n a better solvent for ethanol thap urme.

DMscussion
The reported results all Bt into our present concepuon of the function of
the kidneys and only & few commenn scem necemtary The U/P -ranos found
dearly ¢how the mneflectrvencm of the kidney as an organ for the cxcretion
of nov-polar substances and for those substances whose molccules are dom-

di‘&rdgnmmumacﬁremmmmmmmpdubrm
which can be excreted by the kidneys)
In the analysh of the mechanim of cxcredon of these types of substancey
tlon theory o without much relevance. It &5 easonahle
0 amume that st any point in the pasage throagh the renal whule ethanol
In the lumen oquilib with the ding intertitial flind, If tho abo
ke place in the last part of the nephron the coacentration In the wnns
depends caurely on the cancentration in the renal papilla. At high and fotex
mediate rates of urine flow U/P'ﬂtmuhmﬁxmdlobclﬂnlcovcrunky

——~
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m:mxghlbclnmpfandubungduwlhcbamﬁmdahndﬁm
ﬁmﬂctungdmhwngbeﬂndlhcmb’urpumdntabymu

Thcposﬂblﬁtymnnabobcwmda—:dlbnmnmpdono[ahndh
the tssue i the kidney especially in the papulla, might be the cause of etbanol
Prraxsan and

prucmnfl}coho!-dchydmgmugmhdneymmqﬁumchg:,butddm
mﬂ:anylpouﬁcrepono[th:wpognpmmbubnmnmlbcmﬂr
medulla.

Thrrcponcdlnvuugauomanlhclcndmcyo[a}umlweqmﬁbmemh
lbeimmmmﬂmdmdmlouammrymdmwzbu.nbwnmdm
flow 1t can be of & conuderabl, order of de. Thus bs in wd
w-hhthc:xpmmmuofGAmmdUumm(l?.’:&)muh}cﬁhuudmn
lhAlD,Olnnhhb:xnb.mgabemcmlthuidmecumamd‘bﬂm‘
roundung time flud. Rexee, Reeves and Parrcxizaas (1938) invcrugaed
the diffunion of oxvgen through the urcter in experiments on dogs, wboe
ureter pafustlons were performed with solutons of varying axygen tensant
‘Vhllcmlheprumtnpmmmuwpcrcmtaqmﬂbntmﬁnlmﬂdu
ﬂawn(uubwnoﬂﬁmlfmlulhmmdunbundwp:rcmlcquﬂlm
forozygmnﬂmvnramumaugmxumuﬂue.mmrbdlmdﬂﬂ

readily diffusable substance tnotably water) to display act-moencntt

%cnd.mgonlhedl.umju], 1a] gradient may wafl i of e

eoocenirating ability of the kidoey in & manner that hes been panly
mmkndinmn:cuuw}ncunnenmplanmukﬂlﬁam
thmughlhclm-crunmrym

Inthehu:nrnrenom[ormulqnanbcfotmd xbout the ratc at which
the renal papsila becomes tarurated with teat subatances to the ame conecs
a0 as (he arienal blood. The present imvesugatoas with ethanol indicake
that blood 1a the renal i docs pot refloct condbtsons aa the papill of 152
PAts of the kudney and thar those regons are charged “"‘h"‘h‘“dr:d
much dower rate than the cortex. The comcentraton of ethanal 12
venous blood becomes almost insantaneously the same as that of aert
hlood_mupcrmunumummlhnubcnlpphﬂdm‘h‘bd‘m'w
p:w:hnique(Kmlgﬁ)/mu~mmcg-on1ybcﬂlefdm
xh:ﬁowlhrwghﬂmcpamunh.h:ghpufmnlc@&m)q:
Ehuonuflhtmndpamdlhchdncyhmﬂwb“dﬁﬂ“j“ﬂr:w
experimental penod which would allow the mean arterso-1 coois CoDCES
dm:n:ncewhcdttm'mmtdulh;u:rpubkm‘q craon

The results of the 1w o cxperiments thus suross that the coaces! ‘,
dahndxummﬂbbodmulbc}ﬂdabmlulchm'b%
where the excreton pattern dm}ymﬂuﬁknww%

d There i a derable delay 1 the changos In
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= e remal papllls when the artenal concentrancn vares snd under such
waditions the urine will therefore contain for same tone the test mbstance
i concentranons which are greater or smaller than those present in the ar-
nal blood,

Concluslons

Im extigadons on the renal of ethanol 1 dogs bave shown

1 The relation between the concentraban of ethanol in the unne and in
the water phate of plsma (U/P,~rano) & 0.9—1 ! at rates of unne flow varymg
betwern 0.05—6.8 mifmm. The lowest U/P -ratlo ¥ were found at the Jowat
e flows

2. The loa of cthanol by diffision m the ureter and the bladder Is ignif-
st at low unne flows, By perfusion of the urcter it was shown that 30 per cent

dlh with the surroundings occurred at flow rates of 0.1 mljmun. The
diffizsion low by Insignificanc at flow rates greater than [ mlfmm.

3 The renal papila coly slowly comes uto equlibmum with the artenal
Pasma. In three expenuents the tima necemary {of saturation were 13 23
22d 36 nun respectively As the concentrancn of cthanol 1 the urine reflecty
the concentragon In the intersuial timoe of the papllls, determinatioss of
U/P «wang s for this substance are without value of the astenal concentraion
% ot kept abnolutely constant donng the experiments.

4 The concentranon of ethancl 10 the renal em only reflects the con-
emtration of ethanal In those parts of the kdney with a high perfinion rate,
L e, cortex. This mearts that determinations of the perfizan rate af the kudoeys
by the mert gas technlque (hamy 1951) gives no indicanon of the perfusion
e of the medulls and papilbe

S.Iuruﬂpﬁummvumhlwthmchu,uuqud tenmoms of ethancl,
Mhd:mkedmphmthanmmnemdlhcﬂndbchnmuihh:pmm
4id 5ot occupy a part of the olume. This peobably explaim why U/P_-ratio s
wer then ooe can be foand.

& The mvesuganoos hs ¢ supported the view that Corravpen Blxrco s
xheme (1933) can be used to predict the renal clearance of an orgamic sub-
®ance when i chermmaal constit tion s Inown Polar mbstances having a
P““‘thﬂhy:opmcﬂ:udxmghaﬂmmbﬂnuwmbewﬁdnmgh
dearances whilst non-polas or lew polar substances will bo excreted at low
dearancey, Maried deviations from thss general rule aro presumably due o
un)‘mlduﬂydependm(mmwinmambuld.
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oc limited activity & long or short working perfod, phyncal work in the field,
or teas «. g on the cycle ergometer When aneuing physeal working capadiy
for work with large muscle-groups during lengthy penods, the [ndividuals
pulse rate at submaumal work ofien serves as a starting-point. An oflen
used method Sjastraxo (1947 1960} is to let the subject work o a beoyde
ergumeter for 6 min on cach of a series of worklosds increased step by sep
untl the pubse rato reaches a level of 150—170 bean/min, With thus method
the phyncal working capacity i indicated to the power level where the pulx
rate, after inter or polation 15 170 beatsmin (= PWCy,) Another
mcthod 15 that of Astrarp whuch transforas the pubse frequency for a cenaln
power level to a value of d 10y ption by uamg a speaal
nomogram.

The question as to which method is the most reliable in an wsesment of
physucal working capadty might be discussed on the bass of, more or kot
absolute physiobogical entena of true” wocking capacity But the refiability
can abo be anemed 1 & purely empincal way 20 a3 to form & bashs kr 1
operational defimtion of physeal working capaclty This docs not necesarly
mean that an estimated value of the working capacity in a more truc s,
maximal O uptake, or the power at steady sate has & hugher degreeef
relubility or predictive valdity than ¢ g the pubic rate at a certun pove
level.
Thccrmrufmahndhuol‘zcnbecnnnc-cdbyr:—mngindmdmh-g

1, perhaps, the bast way of ing the relability if a complex
hdmruditdmindudulhcﬂﬂluanofrmﬂufuacmmnpubdduﬂ;
But if we want to esth the rehabality 1n a moro ¥ ed semic, & &

techmeal accuracy of the test {mirument, the ndrvidual Inconstancy betweet
thct:lt!l-hnuldnctbcﬂbwcdmhnvumyr.ﬂ'mItncctmtubco(mlﬂmv
mﬁmm-ttmptmudma\ud‘hcmhnbﬂwm‘hﬂmmbd
wase for such a physlologically mportant a e d o pube
and breathing frequency during « work teat. e
A uudy iy alio made of the degree of valldity
correlates with an independent extermal crterion of the physeal ““:;;{
capadty The criterion here represcats results from s performance » Y
baides a special technical ability 1 greatly dependent upen the

hyucal working capacity viz. skiing race results.
Plnthnmvaugxumm-uunpthubmmdnwmlﬂyﬁh‘“wz:
v:hdityofmmcdaﬂ':remmamranmnoﬁmpoﬂnncc[ordﬁcphﬁ“‘“

capacity

wurklul,l-‘-h""h

Material ching
In 1958, at & regiment 1n Umed, Dumw:ndmmwumu-dlht et
awdqdnmhwmmmouwmwmn*wﬂ:w“’dw
\b:p:bddumrmaﬂwyummmmmpu{m-mdh
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"B‘“d“m"‘(ﬁfﬂ\m)mdwuevhmmd the
e oo of 158 {revtest). Ot of the totsd T8 vemzui, 41 had csbet
Tox " mde (7 kon} kg o shout oo month bek ol 41 b o e
‘&umwwdwﬁb@mmem[dem

ndraduss,

ore ke made up of wdividuals orer alia by
wm)i—”’o&ﬂﬁmhdywtﬂﬁtdhi—mi}Qmm
W’fn” rocal working capacity &mtbclumdzaimﬂ\‘c,.m..l)m*”
ey mlwﬂm:mmuutuwdmmmm

resalix. Howeerer Lhwqpudﬂm“umhnbdowthmw

§ scale, anad 20 Mmdcmammmww
Eiob were foond,

Rewnlts
In Tabls | the mean dmdhpmmmdmpm,mm‘ iabt
““;veimm pulse rates and eeathing frequensin roveal Fairly symmetnesd
Mibuwwd.wwdmmh:nwﬂbmcmmhmhd,m, of
capa [rom:belawt}w?mitau\.ubmnﬂ
working capacty calculated according o PWCyy Bt M o
13057 and A = 1249 5 kP, which denates a dgruficant difference
Thaa013 Acta Py aand baL5S //ﬁ
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Tabls I Mrax, ssanderd decictson (5. D ) ond )
- (117 s (S.D ) ond rexgs (d) for & firent carrables at the fod (1)

N-42
M |sn. d
Chast wadth T test e 45 -
Body weght M (L + I1) 682 &7 si— s
Height 1 tess. 1740 49 61— 188
600 L Pulse frequency 4 188 15 5 19
Fulse frequency 6 1209 1.4 -
Breathung frequency M (3 + 59 222 4 n- 9
€00. IL  Pulx froquoncy 4 1169 128 2- 147
Pulso frequency 6 1703 150 n-
Breathing {requency A (3 4 57 2Ll 17 - %
900. I Pule frequency 4 140.7 139 15— 163
Pube frequency 1421 112 s 1%
Breathing frequency (3 3 + 59 251 sl n- 9
900. 11  Pule frequency 4 1398 156 107- 17
Pulee Frequency 6 1428 166 19— 18
Breathing frequency M (3 + 59 7 44 0- 8
L WG 4 1,334 3 1,000 L6
PWC,,, 6 1,309 237 001718
Orupt, Astr, M (It + 2nd Lovel) as i 23547
L G, 4 1,285 Fit] [l
MG 6 1250 210 a3y 158
Oropt, lar M (lxt + 2nd kevel) 15 o 13955

(P < 001 at the t text) o difference between the testa n estrmated Oupeade

to Astrand s method of cakulation is however obtained i accard-
ance with the fact that there 1 no difference in pulse raic at the 600 o %0
pnznu:rl.l:\‘-.l:.Butut.hcP\\,C.,.,.»-.lu;;a.rntm.::m:l.«:\:lonpu.l.scr;:.t:lff"l'ld’e
whole power range the ob d diffe moust be {dered a0 mief
esung fact.

Many product-moment correlation oor_ﬂidcnuhn'ebcmmk“m‘d'h
vall be seen from the correlation matrx, Table 1T that the corrclaon bemes®
Lhﬂwkﬂﬂmummhlghmmm-muxrdadmmhmiw;
the pubc rates from 410 6 min to be r = 0.97 and r = 0.98 at the 1234
mh%km/mnccwumngmmhlhﬁmmf
level are r == 0.90 and = 094 Themchuomw“tmbbﬂwk‘mﬂm
2 and + min are somewhat lower 1 = 088 and £ = 091 respestndy T
re-tost correlations arc betwern w0 50 and r = 0.60 for the 600 and =
and r == 0 70 for the 900 kpm min leveh.
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Tes 10, Ths covmed e cocicucxts fou tha galoe —es ¢f 230 Jot axd Jod tests oy v 1y 4 £nd
€ oclay 11 €00 cad 500 bpon, vun, <xd the crmoncices bebuuers Gass tancSus od €1
-:rda:au-ﬂhnqm&:(l‘}

S0 U m @R uP <O aadary =38 P < 0L

Ufr s fs fs fs |1 s s |x
Ml dgama? o o m o — am ey
Iltdgmeintd B3 = — — o o~ e e o 3%
Ylekmehe 33 B — — — — — — ~— —§
FlWnonzr 83 51 & — - — e o — -3
LUOknamne 3 &8 8 M — —~ — — — -3
CHOkmwtaé 59 57 1 31 M — — ~—~ — -3
Ml Wkammt o e — m o em o o o 3%
Ylsgmans 90 £ 58 33 0 % M — — —35
LAMajria 4 — — @~ — — — 48 & — 13
DU Gooae g & % % 6 B 30 £ S -5

Tat 11, Cormietos oo icomts for tabucs of pynasl werlaxg copaaty socweding bo PV Cra,
Dnctd xatmad Or-upials acceding tr dsteond with the acerega (M) from the It (1 § exd
2412} porer Lasls, putse rota t 908 b e Gn Dor 1ot (1) exd the 20d (1T) tests,

Ind resutts (K)

SeQ & wama P fadu -0 o P o Q0L

|.z s+ s 5!7 |a i'n'u‘x

LI e, s J T T
LIMCué M —- ~ — - ~ - = - ~ o~ 4
AIMCL 4 &8 ™ - ~ - — = - - o~ o~ %
Mrg,e n 3 9 -~ - -~ - - - - - n
L1 Axopad 1, - 4 - 8 - - - - - - - 0
ST Semad 2, - ® - BB - -~ - . L om
L R L - e S Y
S hed . -~ &2 — &1 & 3~ - - L .
LI Kaerand 2, — 8 = N & N -~ 9 - o 45
N degadsy 50 33 84 8 —- - & — - - .
ol Pl 9006 — 9Bl — % 8 -7 ~52 ~$ —~5§— 69 —63 — —135
DLHT Moo 0 § 52 —5 ~ 31 — BB — 2 kT 67 ~ D6 —93 ~ 54 —.8 —31

The carrelancns i Table HI abo reveal hugh refiability cocthoents. Thus
B¢ miatey correlaons for the PV Cinevalues are 1w 094 and ¢ w 0.97
©x the 146 and 2nd 1o, respecovely The carrelanons between the Astrand
Yalues within the tey are = 083 and = 079 Thee corclation mo
hwwummnmmﬂlmmml&md
2 pouer lvels and could thador be compared wath the cocrapan -

-
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Table IV Mwﬁwhma-%dwﬁkx,:mmq‘
Mﬁwa&nqmn{nmdm
When r ~ 030, P < 0.03 and when = 049 P < Q01

g % é w2 A
sl bzl k H i
g
Pals ki1
Choxt width il A T LR R - N A U - T B 7 S B TR .
Hegh - — | % -|-w®| |18 B N m
Body welght - —_ —_— -5 -2 45 36 ) LI - S )

correlations between the pulic rates at two power levels, which are r = 0.78
and r = 0 83 (Tahle II) The re test correlations for the PWC;y-values from
§-minute asserments are as hugh as r = 0 76. The Astrand valuss from the
higher level on both occanons correlate r == 071 the averages for both poser
levels bang 1= 067 The correlations between the Astrand values axd the
pulse frequencies (6 min) from 900 kpm/min range between r = — 0.92and
T = —0%4 (Table IIL)

The vahdity correlations reveal a falrly good correspondence betaces
several test measurements and the crterion. The highest correlations obtaacd
were those between the cnterion and the different tat measurements from the
2nd test which ax regards time, was neareat the cntenon and was perforscl
approxumately between 1 and 2 months later Thus the corrclapons betweer
the pubc rates from 6 min work at 900 kpm/min Jn the lat and 20d t38
mdthccﬁtcnoumr-:-~0.35mdr-~0,5[rupccﬁvdym ol
ing correlations between the criterion and the PWGC, yevalucs are r = 045
T =054 and between the enteron and the Astrand values from the bigho!
level r == 038 and r = 045 wd

The averaget (M) of the Astrand values from the st and 2nd power >
reveal Do closer coaneguion (but:bouxlh:nme)‘lmdlcmww
the values from the highest level

mm(ammm@%mmmwmﬁ
The “intra test” correlaton has bere been calculated between the &g
alter working penods of 3 and $ min, and thows a very clor o
“Thus the corrclations at the 600-level on both occasions were about # = 2
and at the 900-level r = 095 Thmwmchmmmhﬂ‘@l;w
and r = 0.8+ mmhmndmebruﬂngﬁqm‘uhw
rates or the eritenon however 1 throughout very Jow Thbwv.hnfsi“"
from 900 kpm/mun was here obtained with the Astrand valucs Wi
correlanons from about r = —020 to r w — 030 (the faner

rficant P < 005)
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The comrelations of the morphological varabley chest width, body welght
od kight with some physiological vanables are seen by the cocfiaents
i Teble IV which coatsms all the ngmficant corrclations. There was this

2 ugnificant lagdon betw cen the morphological measnures and the breath-
Zgfequency Ay scen from the Table the hesght thowa o ugpificant correlation
%k any of Gur phywmol 1 The highest correlations are seen

%
betneen body weght and pubse rate or maxunal axygen uptake according
Asread with r s~ 0,53 and x = 035 ropectively Body waght correlates
b0 with PWCymy 1 = 0,43, Chost widih showy about the same correlatsons
#body weght though the coeffckents are somow bat lower The best correlation
ik the entenon shows body weight, 1w 0.4 Bur ths cocfficient i not

o fur of the relabiity of the ot can be made. The cor
;‘hmamcﬁimntbc:wcmbmhwncunurnambutthnmeﬂidmt
b yncertam ag st o based oaly on the achievements of 13 paticpans.

Discasslon

&mwmdxﬂuliﬁtypmmdwbcampanmﬂym@
Apples both 10 the different mntra-topt correlations and o the re-test
Thus reliatnfity tion can be campared 10 that of Linder
bk (penonal thon) who for & hetcrog group of 18 men
zwﬁm-phymlnuﬂngupunqm;mmﬁanmm
823 o 1,535 kpm/mm Gund a re text correlaton between tuo tan
b 4 dayy tncerval of 0.97 thus esablhing the hugh degree of rebabifity
 tha method. The differetrce between the re test cosrolanons from Lander
bodn's sty and ours shows that the mBucnce on. the sokliers of the military
*Ice from the mmmer of 1957 to the spring of 1858 has been actng m
Efferent ducections. fater alia, the phyucal working capacity has declined
§x wome of \he ndividuals w th the highat initla) capacity sad weressed for
¥ of those with the lowent capacity
Naumally the diffcrent pube mraurcments of 2, 4 and 6 min work are
%t Independent of cach other a8 later measurementy loclude previows ancy
P aa agdinonal contribution. The computation of the correlation betneen
%%hﬁmmmﬁmamw:dacbowa These
are in fact aho very good, as are the re-tert curelations wlich
throughout reveal good refiabaty
A ttudy of the diff betueen the 1 thawy that the refiabilicy
®orm 10 increase with a koager pensod of cycling from 2 4 © 6 mun, An
Ertate alyo seerms w take place from 600 o 900 o that 2 Ingher power feved
Yelds 2 hugher refiability
The breathing frequencies  ppear 1o ihow the mme tendency as the pahe
feqnencley, The different reliabllity coefficents are wry hugh. As the breath-
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Fig. | Tha variation fn the validity —
nwg.:éxﬂgmwﬁw?: sz —
at time kept

& [} L] =
g froquency may be voluntasily d, the exp ! subjects
breathing attitude may have been conducive to constancy
At bat, the calculated validity correl lic about r = 050 Judglny

frmthnc,\h:buxtmmammnmuppanmbczhumu-puhcnu
ufl?DbaufmmaccodengtoPWC,,.. The pube rates from the highat power
lcvnhcmr:lncalmmtuwcuwimzhccnm-louudulbcpancr‘ﬂlﬂ-l"
Lh:rcwulboutuncmnnlhbdw:mlhctﬂmgnmandthzwmodmlﬂ!
valdity cocfient may have been lowered by this difference In time. A o
higher correspandence between work test and skung race, as shown by i
vabdity correlation, may therefore have been obtained if thesg tno mdicaton
\Ph‘y;_ialworhngpafozmmacb;dbcmmngcdmm\ﬂyﬂmm

Thmippﬂﬂwbcnoconchuvcndvmmgummpfﬂﬂluxpuk
frequencres to ermmations of maxmmal O uptake 1w accordance with the
BOIOETAIn except, 1n the case of m low power level with a slightly
posuvely skew distsibution of the pulso rates, when a franser to O -valoss
may brng about a certun normalzation. At a high power Jevel, whe e
distnbution of the pulse frequencies may be influenced by the  pube caling
the effect u, however the opposite.
The condition criteron wsed + as a 20 mule (30 km) skilng race. As 13
rm[omcdp&ndlhcoblwqryu‘]ﬂng the groups of participants were
considered an unbiased sample. On the other hand, the wmcentnve o good
achicvement may Pﬂhlp!,hlwbcmmmmcmnhwnuxfﬁat:
h'llhl.h:ht:rnncd'mmﬂu(lShn)rmkdlpodmnttlm"m"'
of interest 1o correct the correlation eoclfickents for attenuation (GUILIOW®
1954) um:mmwmﬁwo{mmm“-owuﬂ”‘”’z
reluabulity fs r = 0.85 !hcvnhd.ntycocﬂldcm\f.ubcr—wblhﬂiﬂlh
correctton of erToneous in both bles, 1. ¢ correchon
axl.t:m.um:m.H'lhcr.m:l-nmrtl.ub:.l]tyut:m}yr—0.7'0:11&‘1’r}"“:‘“"]"“k“my
the same the validity coefficient wall be ¢ == 0.70. her far
It was previously tated that the reliability cocfBcents were bigl "
the higher power level This u alio tie case with the abduy oo
But the timencrease from 4 to 6 mun b not active 1 the same w3y &
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Paer aease, [n Fig | & graphie desersplion 1 ghven of th  norewse of
deﬂﬂ,bﬂlhduemlh:dmcuagrmponak\ﬂ,-.ndto:hcpwu-u
1@ ume. The correlation coefficienns have been transfarmed 1 Fishers
3023 (0 gne a better picture of the real difference wn strength.
“ﬂ&mmmamummwMMMu.mua
uve factor whlst the thme increase from 4 t0 6° 1 not. In the amew-

References
Muw.mﬁwmmndumﬁm.pcdumﬁmwmm
Hol scond, 1560, 43, Sappl 169
oo, Experimental atsdwes of phyncal workoog cagacky s relation o scx and age.
Mmbigrue, Copentugen, 1932 pp 171
"m.u,x_,y O. Asrrasp and K. Rooans, Manimal heart rase durng work w clder mon

362 366,
1;:._4.9,, arbenfambga och arbrultafins bos Gugsicigs skogs
Secramad, 551561
Cora, § hﬁm eGraw FAl New York 1954 (24 ed) pp. 597
Cortraa, } P Femalicy MGt New York 1958 pp 3L
Hermcy,, B, o and K. Rooar, Amcsosent

£
t
H

!

Long
Fancrion, Ta Gord Mmmd&:MM&-d&-ﬂ-.\wYub
r G 1o dhe respiratony orpems of workies 81 a7 ore aneliing ocka. deke

. o —&99
Mrlrl bt w,(,,_mmghnunnlam-hmmulmndcndb
"cdsr Fonctwn, 1o Gordom (Ed (. ad Cordwopuin Phydol Grme & Sestien.

Yer York. 1960, pp. 201 213

|



Acta physiol, scand. 1962, 55, 362—375

Froea Tho Untvernty Insatuie for Expenmental Mcdieal Research,
UllcvulHapml.Oslu,Norwny

Urine Oxygen Tension, Lack of Correlationto
Same Renal Functions
By
hxur Avxrasp
Recehed 14 January 1962

AUKIAND, b Lriae o prn sonsien ack of carrelaisen b sowse ronel
Juwctions. Acta physiol. seand. 1962. 55, 362—375. — Unne axygen
termon (UpO ) can

In a previous study lnudm[humoxy‘gcﬂlm(mpgﬁ
may be vaned by awoact e sulstances such as hutamue, papavenss =
resalize and por sdrenaline (Auxiaxp and hxoa 1961) The vansvoss 2
unne pO \o.crcmuarcz,-m]:u.rm-q:lb—,pm-aj.lelcJ:u.m;w:h:n:z:ulb’"’-‘iml}=l=
axygen tennon of renal ven w bjood. Sunce the availahulity of axyges -
mﬂpawﬂamfoudumm(Amemml%ﬂJ“‘”ch,
gested that unne pO ftﬂﬁulhcoxygcnxumonoﬁbtmﬂdl"ﬂhb’h‘,
Libration across the wall J(hcmuccdngducuﬁucdonlhhm":gdb
furthermore suggested that the rate of medullary and papillacy

362
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iﬁ‘kmmﬁrﬂntﬁnormlhudctanﬂnnuonduﬂneporﬂleprwt
were d d ta test this hypothous by simul ’
of wnne pO and some renal functions which would be expected to be in
ﬁncnm‘lbyﬂmmmmmcdulhrybbodﬂow L« renal concentraton ca
paaty PAH (para amino hippurate) extraction ratio and back diffanon of
-uﬁumzhcmbula.'nmd.unhcre-homxlymdmﬁndmnlnhaemm
1y eelanomsbip between unne pO, and glomeralar Sltration mte, renal blood
hurhn:ﬂownrmbuhrwdmmrnhorpucﬂ-
Ithar:nnn}ybcmmccwdcnnhuudncncmmmdbztbewllnamg
ducts by water reabsorption due 1o a hrgh cxmolar concentraton 1n the mter
s of the renal papilla. Although several hypotheses have been advanced.
W explan the creation of hypertoniclty in the paplila (Wmz 1953, Bearoas
del 198, Gorrseuarx and Myirr 1059 Ui, Kaaura and Boviax
19! Kar and Avxzawo 1961) it 1s gencrally agreed that the counter current
exrhange effect of the vasa recta contributes to maintain the high cwmolar
conconration (Wixz 1953) Increased flow in the vessed loops will reduce the
efisency of thm covnter current exchang hanten, and would therck
hﬂpﬂndmbwamemmwmmmmmwm
e amennt of water which can be extracted from the collecting ducte. Tt was
of hterest to estumate the oegative free water clearance” (T, q)
d‘m“!hqhmmodcdlmabnvmmaumepO.
’lhuhcmtmmdbyw:ndmlm(fumﬁ:mmmdm)
%t blood flowing through the juxtamedullary glomendi 1 not cleared of
Fr-amino-hippurate (PAH) becawse the efferent vemeh of thewe glomeruli
‘Pdﬂ'ﬁmiylnmthcm:dulhmthmtmmmglnmmmmmﬂxtthAH
‘ﬂimn'pmnmdmbulccdh-Ahhmgthhwnmpxhubomdmmdby
uh“MpmhwdmthmtJducmmymhdmxﬂp
betucrn unne pO and By,y (cdracton ratio of PAH)
The high papillary osmolar concentraton  made up chiefly by sodsum
ilorde and wrea (Urcarcs and Janavsca 1956) It 1 asamued that urea s
Povided tn the paprlla by diffusion from the collecting ducts, which have
h‘='='Hhm-n:c,bepcrm:nhlcmm—::(kl—u)cru.Ur.r.-.zmaumdl'lu.c:u:nIfi.'..El.,
X, and Avaiaxn 1960 Avhiakd 1961} An lacrease of the flow raze in the
T4 recta woald be expected o remove more urea from the papilla and there
by merease urea low fram the collecting ducty. An attempt was therefore made
¥ cormelate back duffiion of urea 1o urine pO,

Methods

Fight crperiments were perfarmed oo braltty moogrel dog of exther scx, cighing
1522 kg Aneshens waa tnduced by embaralsodium nﬁmahbudy‘uqm_
ed rualotained w th sbecquens doss of 12 aky. A tracheal tabe was frmoid,
;m&nmun,\n were perts
air
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Tbcldiurucrwnapcncdby-nmuﬂanklndlhnundannuhudby-pdy\lql
olhr\awhjchwnlbmcanmnudwl.bcpo measuring chamber Unioe pOy was
rmdcdmnmdyby-ldlmudckwudc(kmuﬂjmmlﬂﬁﬁ)m
mnplm}.:ch;mbu-uprnmﬂydoaibodmmmdhwol.ﬁl) Uroe was
collected for analyls at th outict of the electrod chamber Urine from (he other
ki:\ncywuhhn:lbynlndwdﬂmbhddcrmhna
Apdyuhytnenﬂﬂamuwudmwnhchmmmﬁrm.mmﬁu
dlﬂaﬂpru.nebymamd’x&nbcrumpuﬁa-u:drmda A thrre way atop
cock was interpoutioned betwreen the catheter and the traln gauge transducer allowing
arterial biood 10 be collected from tho same catheter In three aspenmants the It renal
ven wa catheterized by & cardiac catheter of sixe 7 or 8F introduced through »
Jugular dn-ndlbcvunnvn.%lrmcbawlbormuvdnumbamd.awq
in the enal veun catheter was prevenicd by contlouous infumon of a diute bepanne
saline sofution at & rat of 03 ml/min, The position of the catheter In the real an
was checked at the end of each expenisucnt.
Aﬂupaﬁnmumpaﬁxmajdmwhh‘bumnﬁavpmduadbyapdmm(md
sustalning [nfusson of manmtol in 045 § saline in order 19 muuimize axygen cquiiba-
tion wath systemic blood in the walls of the renal petvie High uring flow was aho neco-
sary for measurement of tho negative free watar dearance (4 experiments) and In thow
peri: 0 or 15% was given at & rate of 8 mifmm. ] the emuning
four cxperiments 5%, mannitol was infused at the ame rate. Creatimne (Cr) and
rodium-para-xmino hippurate (PAH) was added t Lhe primmyg and sustaumng infinlon
LmOUAn o provide & conitant plasma conconimton within the following rangot
P 1 0519 mg/100 mt, Cr 816 mg/100 ml At hugh uwnne fow O.F %, nimc
a3 given y 7 by drip at & rat adjusted o compensate for salt and water bous After an
:thhnmnpa-uda(n!nnmnnn,danncepdwdads—lomhumdmsm
were tarted. Arternal blood was collected at the midpownt of each period. Renal ex
acton e of PAH (Eaup) wes cumsted o three expenments. Systemsc arseral
and rensl veoous blood was collected simultancoudy (mmedutely covled In we w ter
aod centnfiged |+ 4 C. Plasma was thus prpetted off witlun 8 mun after saompling
Histamuse papa enne adrenalne and por-adrenahoe were wed o ary urme pOy
The drugs were admunutered 1n 043 % sale w th an elecuic Infusoa pump
cabibraicd 1o deliver 0.25 0.8 and 1 5 ml/rmun, respectively 89 claarance perrods were
performed w thous ad of druge H was g1 en 1 10 periods of 13
~65 nun dwanon 1n 7 cxprnbenus a1 of B-60 wg/mun. 52 clearance "
were performed dunng nfumon of hutamine Papavense wa mfed 1 rare of 2—
mg/min m three periods of 2535 mun durstion, 1aclding (4 dearance
Adrenafing and nor adrenaline were gruen In ux expenments at s rat ufi/!'l,;nm"‘
1 periods of 15~23 mun duration, Frie learance penods were camed out dinng
sdrenzhine and 16 duning noe adrenabias infuon. § 1o expomments learunc penods
were carried out c hroughout the whole cxp mhule 1o the LR R
& 5—15 mun were allowed for equilibravon foflowing sart amd top
o T, (19145) and PAN
ALMRL
Craatinine was aumated by (he method of Dors s and e aahyxed with

by the method of 9t o 1313; Sodwum and potasmumn ad
Balrd flame photomrier ernal Lrea wn hiood and wrine,
m,w'mlb‘,mm 2l mmmd(mulm-“)

Hannauﬂmmamnhmyuudﬂamurdm1m)umpjum.Fuhm
Negatn free w ter dearane T p was calculsted a3 cumalar h::a-ndnrr
fow (Cowm—Y) (Winow and Asuow 1902 Syatemc armal bema

muned 10 Wintrobe wba pun for 30 mun 1 3000 p &



were ghven i the

cnplayed in thi apd Previous stud, (Avmmn:dl\mal%l)

d‘”nt'hra:nmdnrhnmh'
Resulte

n"‘ftﬁbuofcnmmuomu nfunon of papav adrenabine
“’d"“‘drmhn,oouﬂnepo cPorted peeviouly (Ammmdxxoa
1961 veay in the present sind PAPEvarine hparg.

"’C'!lu:durmgpo w‘hihthzlﬁ'tcturldxmalhul.nd way
"'“hk.ﬁunmuommdingn(lmwpo n one failed ¢
‘b'“yﬁcc(dthngdrmonmaujpo in the dogey e ved.
somcrtn._[nﬂ'ccuo[l.hedruphllthecn mlechlndlbc
et of  thown m more detai] n oL PAH(C,, )
“drmubbodﬁow(nﬂndmmd(ﬁg ) of remaineg
%%memwa muugo!rynaukbmm_
n"‘-lhtﬂowud'rcdcdl’!hmugbdtﬂdncy(flﬂm‘) in some
ﬁﬂhmulsmamcmmmmdmdw,dmu‘
%e‘ﬂﬁmon'lhcwmftnd'ltuhr unchanged op
"'hu:cd-ugmy Glomerular fltration rate (GFR o

eXcreton l'tm]ﬂ:nginlﬁ.u
%%mmn\_) hl-bmldhnhmcdlhulnbcrnm:’
e poy whmumﬁmkummuwlbmcm
ncTeated
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During adrenaline mfusson Cp,u decreased markedly while GFR remained
u.na]tau:lu'dccrmudnﬂghdy Norldrcmﬂn:h.ndnommmxdrcan:
Grag while GFR remamed unaltered or increased slightly (RBCF was
aumated during adrenaline and nor adrenabine infision ) Both adrenaline
and nos-adrenaline bad a varying effect on urine pO,, In soms nfison periods
depresung, 1n others increasing mdqmtuoﬂmgmtﬂucmmommm;‘c
pO; were obtaned. (In Fig 2—3 the mean unne pO of each penod
been wed) -

expament there fail in and GFR apparently

’ln?wofdmg "u i “nar:l:w 1 Crcf;ngcml.bcﬁlmbnﬁu
1100 G JCyyy was observed.
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T2, llistraces Lack of correlardon between arot pl, asd tabolr reatworption of sahats frec
:J:fwnmmaummuhrmmm:fmﬂ‘gmco.u
Eamtalalng [afiman of 10 or 13 % manzebol sointion st rate of § o/t Urine
\d:dthtru-dm.hmlnf:- hhaan-.E:‘ Mwwm&

DugA, ¢ 15 kg Dog B, 9 15kg. Dos G ¢ 19k DogD ¢ g

Ranel comcenirating capactty and wrow pO
N}hn@m&gmmﬁ.n)wmdmﬂvmm

of 4 experiments. Sioce th omuolar clearance 1 several perody
dropped beyond the value required to obialn maxdmal Ty,o" (according to
Pacx and Rymy (1932) 33 ome Timgd o) it b reasonable to correlate Ty o
5 Gy However as shown 1 Fig 2 the saattenng of the values scerm not
® be exphicable only by arymg oemalas clearance. The digram shows further
Tate thas the varathons 1o Ty g were not amocuted with changer in unne
PO In any conmstent manner In three of the foar dogs (B, C and D) Tyo
mmmmcdmlhmauh:ﬁln-:mnnm(GFR)lhmmcu_u
thown In Fig 3 The mean ratios between Tyl o and GFR were Dog A 0.089
Dog B 0.09] Dog C 0.070 and Dog D 0070 As 1 abso thown in Fig. 3~
Wt 10 conmstent awociation berween win  pO and negathe free 7
Searance at any level of GFR.
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Tbcdgumm‘n;ly-pdmﬂndwﬂfthcmﬁmddm@mﬁmmi
the concenteating PRSIty hwumdmhn.dxmﬂmmdmmmﬂhw

Mncmﬁsimwwmnmc«mdpcrmﬂmnﬂ when GFR
B ued a1 parameter (Fig 4) 1 soema anlikely that hiriamsne bas any speafic
Mmmmmwsmmmnmby educton
of GFR.

PAH
mmﬂmwndnoimﬁ(ﬁ.m)dmmudmwm
Mmmwumﬂdmﬂmﬂﬁdﬂpmwsﬂm
m eath experanent WO (nnﬂxnmmwmtm)bouf 896 (88.5—
25) %, Dog G 819 (785813 * and Dog H 900 (78835}  Inall
lhxmmmuwwunbnmh“ufmmdt be unrelated to wnoe
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Fig. 6. Lack of corelation betwern uring pO aad ures extretson ratso at vanous ke of wee
fow mhmwampommmmwh-l UfPreal Por = b
10 urmary “woa  coocentration)

Ilhaamanl}ybcmihuwnlhnE,u\miﬂ\ﬂidY‘hh’m’lplm
flow (Hante hasearmo and Lurz 1959) This cffect mght possibly ssat
a correlation between urme pO and By Inl"ig..'lefuhl"-h“‘ﬂ“m
plotted against renal plaxma flow wning unne pO; a3 a parametes Howere!
even when compared at & given rate of plasma flow there was po commce!
relationshup between unne pO and Ey.,y As alio shown in Fig 5 b vanaver
mn plasma flow had oaly sight effect on Ep,y 10 thoe cxpenments

Unne O axd remal wrea excreton

Simultaneous esumation of urea and creannme cltarance way carmed ot
10 129 clearance penods in 6 dogs with unoe oxygen tenslons varying betwre?
8 and % mm Hg Urea excretion ratio 1.+, the ratlo of Sltered urea xhick
hucn:lmli.um'me,upvmbythcnmcu,JCcn"h"hb‘q"dwa"J
U[P&Smamuaammmnuxuonﬂyd@@dm’“mﬂa‘(ld
UjP,) Lh:mmonnuomnmbcdutcdrwfd‘“dwmpoim:
HgﬁmnunﬂmnmhubemphndapanfPumg‘w by
nuem (SoaxxoX 1936) and different levels of unne pO “Mm
m:m:rmhohumcdmpmﬁmuﬁgu:u.mﬂjwmr‘wsr
scattering, but 1t 4 evident that the vaslauons bear no comsisicat

to unoc pO,.
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Digcussion
lnphmﬂnglhc:xpmmmuupmcdabarehwuhopcdmamhluhu
poative correhanon between unne pO and renad meduliary blood Aow It
was found, however that none of the parameten used, — renal concentrating
@paaty PAH extractuom rauo and tubuler back diffimion of urea, shawed
Any eonmtent correlation to urine pO, Thu may mean dither that urdac pO
hmdammcdbymzd.uﬂuybloodﬁnvoritmayindmtethnnooco{
the p wed 15 dependent on medullary biood Sow The latrer pos-
whlity will be dmcussed.

The fancton of the vam recta 1 the renal medulla 21 a pasuve counter
ﬂmmzdxﬂ’\mnryuanxcms nevitable from the morphological character
50 of these vesch, and fs also supported by experimentsl cvdence (Winz
1953 Gorrsamarx and Mviix 1959) Furthermore, theoretteal conuderations
show that the flow rate 1o the vass rects must influence the efficacy of the
exthange mechanism 1n such & way that an increased flow woald reduce the
eficacy in mamtabung a high ounolar concentrabon within tho papilla
(Mararrax and Kuw 1951 Bexioms o o 1958) It s powiblo bowever that
other factory, yuch as sodwm Load to the Joops of Henle may be more critical
hﬁzdﬁamimumo[hypcﬂuwtylnthcp‘mﬂ-(uvmr Daviosax and
Boioce 1959) Furthermore, it can ot be regarded as proved thas cemotie
15 establsbed acrom the walls of the collecting ducts even in the
Poece of antidwretic hormone. If thiy were pot the cae, Ty, will not
"ﬂm&capnutyu(tbcnmmmmamcchn}nn.upmnudouxbyu
YEaxY and Bexioax (1939) who found pamtive free water clearance even
dm'hqh%hn!uudjumlnthcprucm::paimn}wm the negative
water ol 3 hugh throughout all exp at all leveh
o adute cxeretion, and the mean aboas of T o/GFR arc equal to or even
bigher than those reported ay Tmg,o/GFR by other investigators (Pagx and
Ruax 1952, Asaroww and Wisow 1955 Bricxen o oL 1960)
1t must be ded that the th h must be depend
o the fow rate in the =asa recta, but other factory may be of greater sig
nlficance. Furthermare, it cannot be ascermuned that Ty o grves a correct meas-
urement of the capacity of the coacentration mechanivn. Th lack of coc
relation berween Ty and unne pO  therefore does uot exclude the pos-
ubdity that unne pO m manly determined by medullary blood How
1f the concentration process 1o the meduolla depends upon the Joad of sodiom
10 the loope of Heale, t woukd be expected to be mfuenced by the glomenlar
firanon rate, and, axpecally the filtratoa raw of } dullary ncph
long Joops. It was found that Tu o thowed better correlanon to CFR
than w G, It u therefore concelvable that the filtration rat of juxa
medullary glomeruli bas varied pasallelly with the measured total GFR, which =
Probably mainly refiects the fltration of cordcal glomerull, because of
He820015 dcta physsel. seund Vol 53




3712 KXUT AUKLAND

far greater number The relatively great variauons in GFR observed in thee
prolonged experunents thus seem 1o affect both corucal and juxtamedullary
nephroas,

Braxx (1961) found recently that infuslen of nor-adrenaline reduced the
negative free water clearance at any level of Cg, and concluded that nor
adrenaline may fncreass medullary blood flow at ths cxpeme of corucal
nephrons. Nelther sdrenaline, nor-adrenaline nor histamune had any con-
suient cffect an Ty, apart from that amoaated with alierations in GFR.
Tt should be noted, by that the exp we with drenaline {3 hmied
to § chkearance perfods 1 2 dogy

The concept that PAH extraction ratio is determuned by hlood fiow through
the medulla has been advocated especlly by Reubs and collaborators. They
assumcd that plasma feaving the juxtameduilary glomerull docs not come
contact with proamnal wwbular taue and b not cheared at all for PAN, whie
cortical plasma is cleared 100 4, 1f this amumption were correct, the medullary
plasma flow would be given by total renal plasma flow minus Cp,y Based
on this hypothests the cffect of a great number of drugs has been ioverdgated,
with the conchmon that cortical and medullary plasma flow may be vaned
independently (Rxus: and Sciixospen 1949 Rxom and Furanes (349 Rost
© 0 1958) No effect of adrepaline oc h 00 Ejpp was found
sgreement with the present study It should be noted, however thst b
) ! hbucdwbouyonmuommlmdammdnmmdpﬂ*
mental evidence, and that other authbars have ammved at directly oppasite €00~
cusons. Maxwrtr, Brerp and Surra {1950) and Surmi (1951) have mae
tamed refernng to Pereas (1909) and TAUSTA ¢f f, (1947) that in the outcr
m:dulhrymneth:mrcanm{nwmmgkdmthmedutm&nxw“&“
Lumb of the prosimal tubule, probably capable of removing PAH abio from
m:mmwdmdmbeﬁcvcthuPAﬂhmdﬁmmdM
blaoduudluﬁ’umcmmlblood,andfuﬂbu‘mtdnt‘b:umhﬁd&“
mn(\E,u)rcpmmublood:upplpnth:rcnﬂpdmﬂF“‘l‘“dpm'
mdbLTbcd:pmqudPAHamnmrmdeﬂ““h”mdy
been arplained by haw (1961) in terms of ensyme kinetias, without excludg
matamuwwndmemﬂphmﬂowmymmtdwh
medullary aralauon,
Atmnprmllumtdwqu&m“bﬂ}ﬂﬂpumd’mmwuoﬁ
flow remains unsettled, and ean probably only be deckded by mucro punct
nudics.
mwdmmwkaﬂmu&mmwmﬁg
may be even more questionable than that of Ty o 874 Eran }thar:nzl Al
erally accepted that the high mlmuuﬂunmmmlmwhwd P"“
hmﬁﬁmwmﬂﬂmgdmwmd‘ﬂw(dm asa o3
Avxiasp 1961) The pamve counter cxchange mechanism Jocrensed
\ullnnmmhelhcbuufmfmmmcpapdh\ulhcm'“m
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Ioanx:lnth:vac}s\-mmdnmtbcdﬂamcyd\hnmumu‘wr at system
lﬂimﬂw)mhw\ma&mthtp;pﬂhmmms}muldmcﬂxm
memmmdmmmmmwmuwem
ﬂmhwmrmb&cmmumc.hW:\ﬂ dutlndoponmncddmtbc
mmbﬂd&dﬁfnﬂmmﬁomthcmmdumdmhﬂu.‘nd\hnvm
mhmh—&ommzedmngdummmmﬂmpmdu‘xmmm
‘h’:lltmﬂnmh(hcﬁmlwc‘donnm

rar since the v ofmuwcdmnﬁndzpmd!onfom
Mddmuom,cxhnhbmmmwdm » rather great seat
Wd'thzvdmwou\dbccxpwcd-hucm1bk.bmt\a that the
mere extreme varstom seen in T8 Gwlybcdmminldﬂ{mtcu;xﬁhbw
nmﬁﬂsmﬁbdyhlghxmmuwducmwuhnmmuumu-
mdmmmw@h(}‘mwuumw 1961)

The above discusaon may be a3 follews Mo conmtent corrchie
"““mldbedmnnmdbcmmmncpo sl T o Brars 208 ConddCee
mvéybmmgxmsmywdm been undnputsbly

Wﬂmmmouw:ﬁmwﬂhﬂm(mmwmm
hm)mwwmsymwem‘wawm
fomerali via the vasa < However mudependent anatwoos of bloed fow
h““‘ﬂmdimm—muhﬂhmbxmr mdcnd.cweﬁxmdaﬂ.}mnam
hmmmmmmwxd(rmu Suosura and Laaoe
T 1960) Thhmsgtumﬂuamurmch. Epux Tao and UlPe U/Pey
Ia Efferent and wnpreshiciable 27>

\\ehwwymmawmmmmmmww

Wlﬂﬂm,bcmmpqmmbﬁmm anne pO  (AUKLAND
axd Kxoo 1961) IIWWMPW“MMM&

creasing rodsam or 103 more CXPERRYT sodium reab-

wepton o the h:gtunounuofm sotutes (huL,

Avxianp L ngﬁ\)AWeﬂmdhypmmkm
urthermore, 18 expenmenty



374 KNUT AUKLARD

it has abo been shown that urine pO, is lowered by mercurdal diureucs. Ak
though an i { oxygen pUon scems untogieal in the presence of
a transport inhibitor 1t might be duc to a preferential effect of merrumnal
n the proximal tubules, increaung the amount of sodium delvered to the
Joops of Henle, thereby increasing sodsum realnorption and Ogcomsumpion
m this place

Although medultary sodium transport ftself cannot bo measured o tie it
1 hoped that further studies along thu line may provide an explanation for
the surprngly low and vanable axygen tenslon of udine.

This sudy was mpported by a grast froom the Mormegian Research Gouscl for Scewc
and the umamtien
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From the Univensity Laboratory of Phyuology Oaford, Eogland

The Effects of Fusimotor Activity
on the Static Responsiveness of Primary and Secondary
Endings of Muscle Spindles in the Decercbrate Cat
By
J K S Juamx and P B. C. Marruxws
Receved 14 Janury 1962

§

Javax, J k. 8 and P B G Marnawe The dects of S
actinty o8 the tlatic reshemsicemss of prmamy and snondny codiongs o
woacls spondles in the decrrbrats cat. Acta phyool seand. 1962, 35, $76—
mﬂmdﬁndfmwﬂqmm:m;ﬁmdm
muscle spindle receptors in the decorebrate cat
by companing therr responscs before and afley ventral root secto
The endings were clamified 22 primary or sccondasy accordiog ©

or
the cooductban velocities of their afferent fibres, Thelr stanc belumoot
of disch at difforent

(sdope of freq
codmg was commonly but not msariably 1ncreascd by fuskmotor
actinty  These hunjlmcdmmlhp'ﬂnlmﬁ

Tb‘Pﬁm”Y"'dmxd.rynﬂ'am:cnﬂ.lnaﬁurmmdciPm:ﬁ“ 1893,
ently arranged w th respect to the ntrafusal musche bcﬁh':ﬂ_ “"““M
Basxex 1948, Bovo 1961) and mght be expected 0 erently e

Felkrw of the Rockefelier Foundutuon, Prescnt addros Luswrasory of Noaropbpieloe
partement of Acatomy U ernty of Oudo, hors ¥-

376



The afferent docharge from a muscie apndle, evoked by aretching the
Jo contauning t may be comumercd 10 consst of two parm, & satlc
related to the amount of extenpon and  dynam: response related
m,hcr.uotmn-mwhcnlhemutkumch:dxndmlrpzulmdcd
the d aic espomsc of any spindle ending dappears on completion of thg
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H;.L'I‘her:qamaudnpmnrymdd‘ wecondary recorded amulisncouly duncg
aan—uimmnrtﬁnh.ﬂunn.bm{clmhmb,&bchmdmnmlnnn
dlthupd‘mmrycnd]nnd,ipdlﬁli:h']" £ Fmut ’d' prie

marks, tenmon ahort
fiall extrmion. docttes of ﬁhuwﬁ‘:;mmmmﬁ:b;m:m#
Dcrulmuqnlpnhmny buna(cmlnhmlly)

the effects of prolonged tensson {(MaTTaws 1933) However a large partof
Umd)mmmrupomcdmnintbcﬂ:nhdfwwndnﬂcrmmpm‘“he
extenson, the subsequent decay belng much slower (Jaxses and Marmews
1962) from the point of vicw of refiex function this early decay may be of
mOre importance than that occurnng over many seconds. Ve thercfore wish
1o present results on the static behaviour’ of endingy amessed by measurements
mad.cOSw:nﬂacumplcumoﬁuctchmg even though the resulus obiained
by meawrement at a later time might be dufferent.

The effect of fusimotor acuvity on the ‘atic response of the endings was
aucsed In the fint place by applying a standardszed slow srcich iy
3 mmjsec termunating at phymokogical full extenson) fo the "‘““"M
before and after nterruption of its motor supply All the enduings so st -
whether pnmany (43, or secondary (22) had a smaller static response at
final extenuon after de-eflerentaton than before, showing lh"hllhcﬁ moter
brate cat both kinds of endings are tonically excited by spontanceus ol
activy The cla - magnuudes of the effects of dus sponiancos finlont
activity on primary and sccondary endings are shown i Fig 1 11]::;1110"5‘
for endings of one kind 13 probally duc malnly to dsfferences un t “

demed from
of fusimotor actnuy Influencing them, for the resuls arc
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Sgmficant (at 1 4, level on ¢ text) but i the present state of know ledge
te finding that fizmoto actrvity increases the stanc respomses of both kmds
d“’dhwbythcum:wdndmgnlmdcmdmintamdunlhn

snall

lhdnumd.rycndupzmd.cdmbelﬂ'ucmdlbnﬂaﬂy An example i thown
®Fig 2 which plays the respouses of - primary and of a secondary ending,
fecorded. nmultancously on cheiting a cromed extensor reflex i soleus by
Ramlaing the contralateral lateral popliteal nesve. Afier an witial burst
therr eettied down 10 an appraxmately comtant kevel and the in-
Seax in muntained discharge was smular for the two cudisgs, being 33

for the pary endmg and 50 Impubies/sec for the secondary

lyct m:dmmrcﬁalnwlmnndmcﬂmuby
Qnumnnkmm: m,‘,,r.ux i th (see Jaxsx and \IaTrrgws 1962) It
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Andﬂmnu:lar:\mdlrﬁpmbdy

ud.wlhnmgmcnllbcmu:rupomuoﬂhzmnﬂnd:ofmdmglmdﬂd
0 mncrease together

Fig 313 shightly moce complicated than might appear at first sight berawe
the arrangement into paws of the 3 primary endings and 4 scoondary esding
maltcmiscva:]umuinmbcm.mco(xhcapmmm&mcdlhtw
of the points represents the cffects of altenng the pairy rather thay the bnd
of futunotor actrvity but altering the pairs was not the catse of the correlaon
bctucmlh:luucmpomaofthemvhnrhofmlﬂn{

Apart from the umilanty m the Increase of stanc discharge produced 18

cluemupondmab«wmzhc;cmunmnidmhmd'lk““‘f
of endmg Thuanbcsccndu:a}yfathepludmdmpmﬁ&z‘;d)
abo shown by satsscal campanson of the whole senes of endings of Fig

\\ﬁm&mmwwpp}ymmmm:mmm"[“ﬂ“m:
un%mpuhaw(SDﬁ)ﬁrm:mmqmﬂin?mdme
(5. D 26) for the tecondary endings. When they were de-cflerensed o
were 41 umpulics sec (S D 18) for the pnmary endings aad 42 wpds

(5. D 10, for the secondary

Efact of funmater actriy ex spoudls static seagtisily

So far anly the stay mmwal*mmwd:htamunl“?‘h)mut.
full extennon has betn considered. Observations of the stae Fopos
aumber of ihes lengths were made by applyung & thow streich 12 3 W20
of small steps uuhnhonmxm;h!nbemcm.duﬂns‘h"h‘b‘;::d,w
was determuned  again measured 0.5 sec after the completion s
phasc of each small siretch) Fig 4 shows mmP‘ﬂdf"quz-'ly,M
relanans so )humcdboxhbdinmdanado-cﬁmmJ“d,aadn
endiog and for a secndary ending. The discharge freguency
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Te 5. Scatter diagram retaiiog

] 30 0 o 0
spoatanecus futmatar RO % M TS KO (et

chasges In Amimotor activity Thcrncmnﬂd)nmdﬁ'\:np\:punﬂnh'hkhth

i| = dy hnearly wath over most of the range studred
(cf. Eroxzo Grawar and Mrexrox 1953 Haxvey and ALaTrrews 1961b)
'm:shpoobeulm:mybcd:ﬂncdu!h:lmdnﬁtyd'lhcmdmgmuAﬂc

both endings had & satic 1 of about 4 impulsesfrec/mm, and fi
mwhmmhw.bmtloimpulufn/mmhbmhm
Fig 5 shows the change in suatic senntinty of a series of related

markedly
wd"nutbmuga.-:dncdmzhndmu]unmﬁnmdnbp:(wndmiry)
this was more common for primary than for secondary endings.

the 21 prrmary codmga (3.7 S D 13) Thae wlues are both
lJower than those found by Han 3 and Matruaws (1961b) fr  rmaller serfea The
explanmaton of the dufference may be that m the Spenments the extengon

relatons are a4 Locar s thoso shown in Fig. 4
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(=W \

Fig S shows also that the stanc scasitivity of pnmary endmgs was some
rmies decreascd by fusmmotor activity It 1 mteresting that thes deerease fn
.uhcmuwtywuumnllymmmpamcdbyad:ﬂniwmmintbc dynamuc
rospomse of the ending to the dy p of hing in example
of much behaviour 13 shown 1 Fig 6 The two lover curves (a2 b2) are the
static frequency-extension relations of the ending obtauned by lnterrupted stow
sreichen (a3 Fig 4) applied wnen the ventral roots were mtact (a2) aod after
they had been cut (b2) The two upper curves (al bl) are the ropoaa
obuluudduﬂngm:dyn‘mj:phuao[mcmcccdw;honwmﬂdm
compriing the interrupted sretch. The amount by which the curves ob-
taned under dynamuc conditions he above thar repective cune
under stanc conditions, 11 a measure of the dymm;:mm'h)"’r'b‘m
to the show stretch. uﬂﬂvthndymmlnmd\hy\nuimnmdhyw
activity at the same tme as the statc somitvity was reduced. Other obsernid
tlons made on the mame mdmgundﬂfamlk\duffmmormn‘hymd
llﬁgh(mau!cmﬂupcnfthc:uﬂccumnbmrlhed:-drmud\d“‘
accompanied by little ch;ugemdwdynamxrapomcfm Its de—cffercated

semitivlty of primary endisp

value. Such observavoms suggest that the satke
and that theac factors have diffcrent cflecs
effect of fustmotor activty @

depends upon more than one factor
on the dynamic scrutn ty At any rate the
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ﬂ!tunkhchanomufmkmlpc{ndlcmpmmnmhctxprmcddd)m
terms of changes in therr stauc sensbtvity (of Haxvay and Marrimws 1961)
42 hay been pomible for spindles in ey e muncles (W arresmee 1959)

Discussion

The effects of phymologicall d f actrvity on the atane
behavioar of promary and of secondary endmgs have proved o be simular
In many respects, This contrasts wath the large differences, docribed carlier
i-‘l‘llhel:ﬂ':':uol'ﬁ.m.v:zmtm—m:l.n-hyoa:xl.h:t:u-drmmu: espanses (Jaxox and
Marrazws, 1961 1962) It was then asgued that the disimilarty 1n dynamc
behaviour of the two kinds of ending occurs because the pamary ending has
Large receptor terminals o the nuckar bag intrafisal muscle fibres, whereas
the terminaly of the sccondary ending are mamnly on th nuclear chain mera-
fusal fibres (Bovp 1961) The mmilanty of stauc behaviour of the two unds
of ending would be cxplamed of the receptor termunaly which both kinds of
ending have on the nuclear chamn ntrafisal nuncle fibve were similardy m-
fluenced by contraction of these fibres. If conraction of the puclear chain
fibces increased the suffnem of thar polar regons relative to that of ther
receplor regions then the stanc senauvity of the endings would be Increased,
3 here frequently found. The decrease of static sendinvity which was some
ummtdhmpnmﬂﬂh@,mybemuﬂdy-mﬂ:mcdmmu
traction of the nuclear bag fibres, dnco it was wually accompanied by an
mcrease In the dynamec sensitnaty of the esdings (ef. Jaxey and \Marnme
1962) Detailed speculation about the mechanum of these effeets does not,
hoamq,pmpmaummzhnhnmo(tbepmm-wilnuhkhu\c

e amount of contracton of the two kinds of intrafisal muscle fibye was

Was correlated staustically nsesd of by the more crucial method of com-
Paring the beba dour of & pasr of eodings lylng 10 the wame muscle spmdle
(Busop and Laroxrr 1961)
In-n;:uﬂcduscﬂmm!uﬁbepfumlwhlhouldhercmﬂnbcnd
lhuthqmbucdunmﬂmm"m'd‘u'm'ﬂﬂmmpkdonofdn
dynamic phase of stretchmy, at which tme the endingy had noe adapred
completely A, bowever adaptauon was then proceeding dow by gimilar resutts
would almost certamly have been obulned if the mearuramenty had been
made one or tuo seconds Laser (as was checked un & few cases) byt meapurements
at much Iater tme mght well grvo different reuln. Hall 3 yecond of res
howcver a log time fram the pocat of view ol many cfley funeion; w0 the
results obtained ar thy tme ppesr 1o be of equal phyngloren) yerent 0
MMJMWYWmP“mePw“d
mmmtmwwﬁtim&mhw
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to be comprehenuve in thiy rapect.

Takiog a broader view th:ptuentfuu!unrppanlhch‘ypo\hm,mggﬁ:d
wmmzumw‘wfmmmmmmmw»mm
andswaudarymdmg:ﬁnlnthdyu&mk.nlhamminmdrmucbz
haviour Xnmmpansonml})mnduymdmy,pmnmmdmgsmnw
hrgtrruponum\hcdym.mlcmmpon:ntofmmmnouundalﬂlhc:w
drtsons so far studied (Coarzx 1959 1961 Luwpaexa aod Wpore: 1960,
Bexow and Larasry 1961 personal communieation, Harvzy sod MATTHERS
1961b) Further Lhcd)mm:cmdﬂxyofpﬂmnrymdinpmb:m
over a wide range by fustmotor activity while that of secondasy endlop 2
bitle alteved under umilar conditions (Jawsmn and MATTIEWS 1962) fo coo-
trast the diff 10 staue behavk oft}wwokmdsda:dmg.mﬁ
doutitess of functional ngmb appear relatively dight. When they ¢
de-efferented the threshold tennon {of extenyon) r:qd.miwdmim.\l:nuind
ﬁnngﬁomptmrymdlngxhbnerthanthnfuucﬂndﬂrcndhxi(ﬂ‘”
1954) mdstmonlmghxdmcmnﬂqmmnyaﬂhpmmmr
emz:dbyﬁnmownlmuhumxhanucmduvwdinv(wm‘
Laroxte 1961 penonal commusication, Hanvay and Marmazwd 1961 3}
In the present work fusmaotor laxdtypmduwdﬂﬂmﬁ':“ﬁ!““’w
Hcdanpnmxrydnnwwmnduymdmp,mdxhxsdﬁamctwmﬂd
vcbccnmortmark:dif:pmﬂcmmrmubldbmw‘uw
mgihsofmcmmdc(ﬁnmmpkmpx!ﬁy-iﬂuﬂﬁ) Buy the sale
rupowcf‘h:mvhudsdmﬂmgwmoﬂmdmﬂuboﬁhiﬂwwm
ﬁvqumqo(dnchuyc:udm\hdrmdc;aﬂmiw All of tha sy be s>
mxmcdzunﬁm;pprmmnbnbyu)mglhﬂhhﬂlﬂwpﬂm e
wmmemwmm:nuamdwd‘b‘m“k‘
wmndarvmdmsuﬂ“hmmlvlwvh”‘h‘”mmm ey o
ﬁmﬁntd&cmm&n;ﬂwmmﬁawh‘h‘ <
chxrgedmclmhnd:dmdm(:pprunmﬂﬂyﬂw‘h‘m Nh!‘
of leagth of the muscle ludubmwamgiMm‘W‘h'meum
usclully be performed by a nervous ceatre controlling movemEt
&fference 1n dynamuc mpmmwnwdprw"’dw  reasd
thmmhu)dm(fuﬂycxplomd.lppuﬂlﬂb‘ﬂmmmm: sl
fww:nmmd(“odﬂfamlhn&dmmm”m

spandle. -
Su:hmnwwhmmmrmhgmuupuwdw’;hnﬂand@
effects of the afferent dncharges endings cp:ufnlwwm

1943
m;maxmﬂcmrumg‘mmxmmda (1o
Rass 1958 fomes ROV and Linwsssd 195a) The same
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'Pmdnmibypulﬁngon:musdcnﬁ:rblodmglugmuplﬁbm(l.uum
o Brwou 1959) On these and other Endings, the fibees from
d“Glh-\r:bc':nc.hm.ﬁ:dnpanofa\sid.:rpn:ndxyu.cmof fexr reflex
ey llncmumngmﬂ]mmdcaﬂa—mr;hlgh'hruholdmuﬁcr
mwmmmmaﬁ:mn(Eam.n,R_\LandmenlBiQh,Hnmm
Lomaexo and Oacazmax 1960, Lowoarag and Oscanmox 1960) It soemms
©hiely bowever that the production of a general flexor reflex thould be
¥ tole we made by the central nervous syatem of the formaton provided
b te secondary endings on the Length of the muscle. The prescat work
%mmummmmmwmdmmmmmq
diog in 2 mucle may be comparable 1w magnitude to that from ts prmary
2ing, for the two kinds of endmg are  pp ly equally

R 1954) It scems probable therefore, that d

frmance,

W wak o thank Mr E T Gewxs for ceckmacal ammtance.
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thcuancrupnmivmmofpdmnry&nd:cconduymdlnp,bumhmchhn
to be comprchenuve 1n ths reypect.
Taking a broader view dchrucutraulumppm—tdmh)pothan,nwd
by;ﬂmccmnwi,tbnnhcfundammulfuncﬂmu)d;ﬂ'mmhcmcmpﬂm:y
andnccnnduyendmgxllamthurdymmlc.rubcrlbminthd:mhe-
haviour In comparuon with secondary endings, primary endings grve & much
larger response to the d comy of an lon under all the con
ditons 0 far studied (Coorer 1959 1961 Lunprzro and Wiastry 1960,
Bruou and Larorrx 1961 personal communication, Hamvay and Marmrans
1961b) Further the dynamuc scasitvity of prmary endings can be altered
over a wide range by fusimotor acuvity whil that of sccondary endings ks
bttle altered under shmilar conditions (Jaraxw and Marrurws 1962) In coo-
trast the differences In static behaviour of the two kinds of ending, though
doubiless of functional slgnifs , appear relatively slight. When they are
de~eflerented the threxhald tention (or extension) requured to eliclt maintamed
fring from prumary endings is Jower than that for sccondary endunps (Hur
1934) and at short lengths of the muscle, prumary endings are mare stroagly
exated by fus dmul than are dary endiogs (Bemov and
Laromrr 1961 personsl communication, Harvay and Marruzws 1961 a)
In the preasent work fummotor activity produced on average a slightly greater
Cﬂ‘cﬂwpmarythanou'cmnduycndmgx,mdlhudjﬂmccuoaldpmb‘”)
. been more marked of systematic measurements had been mads at shorer
¥ of the muscle (for exsmple compare Figs. 4B and 6) But the satis

ponses of the t1 o kinds of ending were often sinular both 1n theur absolute
frequency of ducharge and in thelr stanc sensitvity Al of this may be sum-
marned 10 3 fint apprommation by mying that while the pnmary exbag
tignals both the length and the mate of change of length of the muscle the
secondary ending mgnals mamly length with a seomtisaty W\wﬂﬁ“;f
from that of the pnmary ending Thus the difference In the frequency of
charge of the twohnd.uofcudjngappmnmatdyllg'ﬂll’'1;“5‘1"’“{‘:’““'&c
of length of the muscle and it u easy to unaglns that wch a computanon
uxfuﬂybcpcrform:dbyanawmcmmcmmumswm
difference in dymml:rupmmvmmofpﬁmuynndm‘“:’z
though as ye1 not fully explored, appears o be 3 telralogically sulfiacat 1278
for the existence of two dufferent kinds of scusory ending withun the
ndle
I"Su&:hnna}:';:iru.n.l:h ages further i T o(lhcrdlai-“dm:;l
cﬂmudmcuﬂm(duhn:guﬁmwmnduymdl"ﬁmwrﬁw
is that electnieal nmulauon of group I muscle afferents, pmﬂmﬂ:l“’wm
sccondary endings, reflexly excites flexor motonewrones and b umxb-\td
motosewroncs, and that ths occurs whether the affcrent fibra

1943 Baocx, Poois

orgnate 1 flexor or 1 extensor muscles (Lioyo S
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