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A and O Occaxmax. Thrs exoading giinel potienars ix
the dersad of the Laicral fumicalyz, Acta phiysiol. scend. 1961 57 1—16.
~— Three

Demhﬂylnncuximgwhnrlufth:du-lpandthelnaﬂﬁamdr
jculus) was ] by mam discharge and unrt recordmg

Linivsxrc and Oscarson 1936 a, b, Laromtz and Lomeexc

195%6) In a previows report umts belonging to the dersal spmo-cerebellar

tract (DSCT) were identified by antid imulation from the anteror
bell and Co 1960) The prosent paper deals with
the identifs of three ding path alio with axons in the dorsal

pannfunhluﬂfunku}u;,butmhdongingmmemcr Identificatron
vy achieved not only becawse these axons could not be activated antidrom-
ally from the cerebellum but also from the finding that they were activated
by & strmulus applied to the latern] funscle below the eaudal end of Clarkes
column (Rexxo 1954) Evidence that there are other ascendmg pathways in
Flechug s Lasccuhns than the DSCT has been presented by Baooat and
Rxxen 1853, Guuanraar and Caxtox 1854 Ware (1960) Eemas, Ecores
and Losoazno (1960) Apmd.lmlmryrcpaid’Lhananluhubtmpub&}:d]
{Luxosxzo and Osaanmox 1939) .
3613013 4 ta physiel send. b ol 51
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fanucle in L1 Faor control the mas dischange was recorded in the lower thorecic reglon
from the contralaternl right spinal half or from the dowccted right ventral quadrant

Results
1 The tactle tract
8) Umz recendoeg
These d easy Id ble and h group. The

an
axons condoct at 100—60 mfsec. At electrical sumulation they are activated
only from cutaneows nerves and not by muncle aflerenn. This iy illustrated m
, Fig 1 for 2 unlt recervang 1ty mam activation from the lateral cutancows nene
“(which penetrates the lower part of biceps and inncrvates the lateral part of
hic leg betow the knee) Record A shows the effect of simulatlon of this nerve



THREE ANCENDIXG PATIHWAYS 3

at threashold sirength, which docs not give rise to & man ducharge m the con-
tralateral spmal balf (upper trace) at strooger shmnlation in B there b a
tram of 8 umpubses. In sl of theye peurones the latency of the first spike m
respomse to & volley in the nerve supplying the main excitation was 0 brief
that don must be phc. Record Cand D Fig 1 show that
(here waa pome subsidiary excrtabon from the superfioal peraneal (C) and
the sural (D) nerve, with one splke on supramaximal stimnlation of cach of
them, There waa no effect on supramaximal sumolaton of amy of the i
Iaters! muncle nerres F—H or from the moxed tiblal nerve (E) Stimuletion
of contralateral nerves did not In any case evoke exnmtion (I Fig 1) Thee
azons could not be sntidromically activated from the cerebelhum but were
stimmalated by a shock applied to the lateral fumcle in LS (record J Fig 1)
which I below the caudal level of Clarke’s column (Rexxo 1934)

When tested for adequate sctivatron these units were found to respond

1y effc ly (often at freq: above 500/scc) to Ught touch, all
of them were in fact activated by blowmg of bams. It was not pomihle to ob-
serve a0y increased actt on pressure or hing of the akon and thereby

these units differ radically from the two subgroups of the DSOT (Luxorena
and Oscaxsson 1960) and abo from units described I section 2 of this paper
of which many are sctrvated by tactile sl The receptive flelds were
usmlly quits smmall, with many of the units sctivated from the toes, cxcitation
was provided from a skin area of about 10 mm  more prommally on the mb
lurger receptive flelds were foand and on the proximal part of the thigh or
the krwer tnunk they could be as large a3 20 an  In this comection it should
be contidered that receptrve fiedds of primary tactile afferent donfmsh in a
distal drreetion (YAMawoTO, Svomara snd Kumu 1956, LomsLow 1958 of,
bowever WALy, 1960) and that smilar findings have been made on mits m
Flechelg’s fascculms (Yaramoro and Mrvajyma 1959) and ahwo on cells In the
ats sory cortex (MoonTeasrie 1957)

These wactike units have & rating dacharge (like the neuranes of all other
pathways we have fmvestigated) agaimt which inhibation casily can be dis-
clowed. However there was never any inhittion on touch, presure and pinchmg
dlhclhnoflh:hmd]nnhlndth:mk_ldcnﬂalﬁmﬂnpwmmldchy
‘Vm(lmﬂ)mumlccdhlndu:dor-lhumoflhelowulumburq{m.
lnmmmuyth:orgmlndcndwmnmdmnwtheunﬂcmhnthadmplc,
1t forwards » modallty specific mesage which bs highly spatially dacrmminatve,

b)&-bﬁ-a-u-mad.pdlnh-(punuhw Saxaewber

Tha invesigation of poo-DSCT pathways 1 the dorsal part of the lateral
fm‘d&minpnrtbmndm-mmpuhunufmhﬂmdx]lupmmmh
mmﬂdﬁlﬁrgulndmcctcdﬂmhﬂg’lﬁlﬂdﬂdm(m#il%g
Linaowins and Ors 1960) On lation of skan nerves (cf. Fig 5B
andD L and O 1960) 1o ¢ d w-uiJundlnl‘be‘

P
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Fig. 4 Shmultancous recording in the lower from dheected filamen
Laacioul #m]c-t.&zm:dlll.ndmhwnlﬁﬂc\ﬂm“n&tﬂr:d
shown In the drawing and jn ench trace b from the medh] and the bwer
(Hlammar ) nerre was stioadated in A, ©

in D and the corresponding remanmg ducharge in G after the kesion have
their onsct 0 8 msec later than the early cutancous ducharge, This discharge
in the lateral fasciculis b probably mamly due to activity 1n DSCT nearones
monosynaptically activated by afferents (L and Oswcanrs-
s0% 1960) but a contnbuton from the pathway described in the next section
cannot be excluded (cf. below) A lenger latency would be expected in DSCT
units becawse af the relatively slow conduction in the dorsal column 1n which
the cutancous afferents ascend to reach Clarkes colurn. The differcace of
08 muec m the expenment of Fig 4 was exceptionally long, che wsual dif
ference was 0.3 msec

\ The pathway described in the next secton o alo monosynaptically ac
tivated by cutancous afferents and should contnbute o the non-DSCT cuta

v




THREX ASCENDING PATHWAYY 7

mmhwy.wmdemmwm
but e cannot from our materul exdude the pomibility that they are more
widely datributed In Flechaig's fscicle than those of the tactile tract. These
nnlummzwunnon.uulyﬂw:mfmmd-gnlmmomth:nwofth:
tmctile tract. Py bly the carly discharge rded medally is
due largely to actmty 1n the mactile tract.

The recordings in Fig. 3 are of speeial interost in comection with the carly work
oo pathwey I Flechuy fasciculw and may serve to explain somo
Growoent

cording fram the dosected Flechmg the ch dinck:

chn-pmﬂohui&unwhnm.nﬁ'ﬂ:uh.i‘hthnuhmddmdw-lmoﬁmd
mddmdh:hrgcmdui thcnmﬂn'pxl.hv:ywcm&don}ybym
u.Thed.rtlm-gt by than wea dificrent from that found by Grum-
and CawPyxiy, end from dixcharge now known to be due to activity in the DSOT
(rccurd.lAlndB.ﬂg 3) but it i very dmilar w the discharge in recard C, Fiy 3
Thexr recording postoan probably wis medial and the dmcharge foand by them prob-
-Hydncw-nivitylnmeh:ﬂemhnhwﬂlhnbcmmwmﬂumm
and Clacrea {1954) bave fovnd  cutancom ducharge in the Interal fimdede which they
meribe to wetivity bn & sphoo-olivary pathway

€) L trexcmecsen fo the dactile bract suprespoally comrolied?
For the understanding of the fooction of sy puthway It i umportant to
learn about the mprwpuoal controlling systems which may mfluence tracs
mimion. Ve have not made an exhawgtive study of the control of the tactile
tract but have fuvestigated if any of the two supraapinal coatrol systems an-
alysed by Honugvnr Luwparxo and Oscaxmo+ (1960 a, b) hay aa effect.
One of thae systems nakes origin in the anterfor cerebellum, relays 10 the
bealn siem and actrvates monosymaptically the cclbs of & veutral pathway
(Howsgver Limwaxc and Oscansean 1960b) This system docs nat cone
pect with the tactile pathway a1 evidenced by the finding that the resting
dnchrxehlbuemunrmhﬂucmxdbyrrpdhlvc:ﬂmuhﬂond‘thcm—
cucbdlmthhawurhnemycﬂ'cﬂunumnﬂmmﬂmpalh
way tented with the single volley technique and with adeq
Anmhcrm'prnpmlcmudmnmhiuuaﬂ‘ccuwlythemmmof
the Bexion reflex pathway and the internaurones mediating eflects to a munber
o(atulﬂngpnxh\npmﬂmmdbydnﬂcdmrdkxsﬂcrmu(ﬂnummmd
Lowsexo 1959 Houuqver Luxozeno and Osoaxmon 19602) Th control
matem can be actvated by stimulation of the dorsal half of cither lateral
funicle. This was tried with 15 of the neurones of the tactfic tracc both with
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ﬁ/\” ] l'_’_/’\Sur
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M 1 1) remte 1
0.1 sec
Fig. 3. ArIn Fig | microcleetrode recnrding from axon of the tactile tract with dmaltanou
n A—F Ablrﬂ'h\in:‘dlﬂ'ﬂmf thoer ta Sl‘ :f‘d
nervet t
hamwiring, Sur sural PS, peronce] 12 T the muperfia mm‘?nﬂh:-ﬁ
La e sthm latlon of the dorsal kalf of the lateral Amicle (DLF)
Olwerve Lthat i no effect on the undt discharge while the mam dhcharge in the cooma.
hlfhmﬂywmrwwﬂw*h&ﬂdmmthed«mdlh:
two lateral oes- 1 G and H light booch waa a three thencs, i G before and in H during.
repetlifre slmulation of the contralateral DLF 1 shows acthration of axon by sibwo-

the electrically and adequately evoked discharge ag s illustrated in Fig 8
Record E shows that thn newrone was activated from the superficial peroneal
nerve and there was alio oae spike on stimulation of the tibial nerve. In record
F the superfidal peroneal nerve was stimulated duning tetanke stimulation of
the dected dorsal half of the nght lateral furucle (DLF) but the discharge
1 unchanged. The upper trace in F thows that tmnsmbaon of the man ds-
charge 1o the dimected nght ventral quadrant was very much depremed and
this shows that the descending control operated (of HotugvpT of ol 1960 a)
The receptive akin field for this unit was on the domat nde of the laternl toes
and In both G and H Light touch was applied to thu toe 3 umes, in G before
and in H during tetanic sumolation of the nght DLF There was no algnuficant
change m the cffectivenen of the adequate strmulation. However in 7 of the
15 investgated neurones stmulatron of the contralateral DLF had a slight
mhilmtory effect. This effect was probably due 1o removal of Late polysynaptic
bo Our interpr of the finding b that trantmemsion to the tac

ﬁlﬁ:nrl escapes the control system.
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Fog 6. As n Fig. 1 bt recurdierg {roem A2 xxom activated by cutmeows and by high threshold
ok ASimeais. Revorde thcbrsm&ug:mlmc‘ P
icated in ach rrord Addiional bbreviation from ¥DL + P, Fievor

Song o plantari. (n vecord H axd § the sxon was acthvated by # stmsulis

Drweascr from slie of prlcrociectrode sevordlog to dccﬁtdfhmt'lun
1w 4o simulating tictirode 3 ThS 7.3 om.

2. A patkirey axivaied by e frxwa reflex efferoids

Thes B one of the mam pathways infvenced by the fexion reflex sferents
(el Hotsgvmer of o 1960a) It seoms to be a twm pathway o oo of the
DACT subgroups and i }ikewse cxcited by uod by hegh threshold
mmcle affererts from & very wide rpriateral reveptive fidd an 1 llustexted
n Fig 6 Actvation of the fibre by & weak surmulus applied to the Iateral
fusele 5o L5 2 showmn dn rovard M., Record A end B show that ehere war oo
atanon fom muscde nerves but this umt recenved 1y maln actvanen from
cotancows hesves. Smgle volleys from the lateral cutaneows (D)) superfload
perunesl (E) and mrad (F) nevves evoked hugh frequency trauns of smpubes
as contrasted 1o the more restricted fiekds of supply to the factile upitn The
short fatencies of the firt spike in D E and F demomirate mononmaptc ac-
ton, and all except ove of these units var monosypaptically excited from av
lemal one of thewe cutancows nerves, However ldd}lmalpdﬂymp&kﬁ}b
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neom effects were Indicated by longer latencles. Also with rapect 1o ther
mode of adeq these umts r bled the similar DSCT units,
Most of them were activated by tactle stimuli from a restricted skn feld
which could be as small as few cm but sometomes compesed very much larger
arcas. All the units activated by tactile sumuli recerved additional excitation
on presure and pinchung and the receptive ficdds for these effects were larger
A few of the units could only b activated by pressure and pinching On the
bans of the adequate effect It was very easy to drtmngwsh these units from
thesc of the tactile tract. The conductlon velocity of the axons of this path-
way ranged from [00 to 40 mfsec.

The effect of sumulatron of the antenor cerebellum was tested on all these
units and 11 no case was there any sigmficant effect on the resting discharge
or on jon from the hindimb nerves. Stimulation of the dorsal half of
the lateral funicle i order to activate the inhibitory control of interneurones
mediating the flexor reflex actions to vanous pathwayr (HolugveT ¢ &f 1960a)
has been med extenmvely with the umitar DSCT units but only with few
units of the present group. With the DSCT units it has been found that in
the majonty of the units trassmistion of the effect from skin (tested adequately
and by electrieal sumulation of varom skin nerves) largely escapes the in-
hibatory control whereas exatation from high thrahold musele afferenn »
very cffectively suppresed (Lunosino and Oscarmo, unpublished) Similar
findings were made with the two non DSCT umits tested in this respect, In
one the skan effect wasunchanged 1n the other unit there was some reduction
of the duscharge evoked from skin as well. In addition [t has been found wath
intracellular recording from two cells of thu pathway that the EPSP evaked
by volleys in high threshold muscle afferents was completely removed by re-
petitive stmulation of the dorsal half of the lateral funicle on the other side
{Luxoszeo and Voornorve, unpublished) The two path are probably
umilar also in ths respect. When the supraspinal control operates they are
apparcatly converted to exteroceptive pathwayr, The reson why the effect
from skin to & large extent escapes the control m probably that 1t depends
mainly en monosynaptic connections, However we have ne knowledge of the
relative importance of mong- and polysynaptic connections to these pathways
Alternatively 1t would have to be asumed that the supraspinal control sclects
at an interncuronal level

It bs not powible 10 ascertaln the contnbuuon of this pathway to the mam ducharge
in Flechng's fasciculin, 22 hay already been discumed for the antancou effects 1o sec
thon 1 The actvity evoked on stimulation of high threshold muscle afferents shoald
ot e T T T A

f red

tx:nﬂbrfnﬂdshum}llan nmnabemmedmmmdxumhdmmw
w&chlﬂnmdmddwmlpﬂhnybcu\muﬂadﬂuhﬁmhﬂmm”fﬁ
cefre rymaptic actoa from collaterals of axorm scending in the doral
part of the biteral funice (Szrxrioontar and Ausexr 1935, Szerhoomital, peronal

1
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3. Mexromes actrrated by the fanen refex afirests gficr a lomg coniral duley

In our greviom work these mnits have not been recognized as a separate
group but have been clasfled with the other units activated by the flexion
reflex afferents. Therr axons conduct at 110—70 mjsee. They are dlstmgushed

latency of 10—30 mstc (Fig 7 A—E) Often there was only 2—4 spikes but
in more excitable prepamations trains of 20—30 spikes were observed, The
latency of the dbscharge it #0 long that it could be descending, but dnee the
ame responae abo waa found in epinal animah it 5 concluded that we are
duﬁngwimmmdhxgpnhmy Muny of these unliy received excitstion
alw from contralateral nerves although in the dormally located oncs ahvays Jexs
than from the ipsilateral side. This it an exception to the rule that all arcending
pathwayy with axots in the dorsal past of the lateral fanicke have an ipsilateral
receptive ficld (Oruarnox 1938, Horuguar @ o. 1560 8) Axons of this type
are found abo more ventrally in the cord and o these unds the contralateral
cifccts were more pronounced Like the other fwo groups desenbed n this
faper these umts were identified as not belonging to the DSCT because the
avom could be activated by o sumulus applied to the lateral fumucle m L3
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The effect from the anterlor cerebellum was one of the entena required 0
clamfy these units, but there was in fact cercbellar effects on all the unls
responding to strmulxtion of penpheral nerves as shown m Fig 7 The effects
were excitatory and Inlubitory and in some cases it was poble o find cere
bellar areas giving only one of these cffects. For example, m Flg 8 excltation
(upper record) was provided from the left hemivermis and the Inhibitory
eﬂ'ﬂ:tfmmdreltﬁmtu’mtﬂlnecnﬂmhwu}mmnntpomblcmdmﬂle
any arca a3 prep ly or inhibitory for these units, dince there
wu:gm:vlmbﬂnyindm‘mtmﬂu.ﬂmmmmmmmwh
fact onc of mixed excltaton and inhibition from the whole width of the an-
xcdorca:bdlum.Atthemufmpcduvetdmnhﬁanlhmwumcxdmm
burst followed by inhibatlon and on of simulation a }
exatatocy rebound occurred. Strong cerebellar effects have alswo been found
oa & ventral pathway but in this case it was possible to denote separate ex
cltatory and mhibitory longitudinal zones on the anterior cerebellum (Howe
QDT of al 1860 b) The pamibnlity should therefore be considered that the
effects deseribed here are exerted by another supraspinal contral sysem frem
the amterlor cerebellum. Further expenments are obwviously needed to ine

gate this probl ‘The bellar efiects, described, may be of interest
to nccmmlformm.cﬁndmg:byﬂmun‘rumd}‘zx (1959) They recorded
from axons in Flechngs fasaculus and observed strong effects in many ar
cending neurones on sumulsuon of the amenor cerebellum, We have not
obscrved any marked effects on cerebellar stunulation on &y of the 5 DSCT
subgroups (Lurppzxc and Oscammox unpublished) or on the pathways de-
seribed in the first 2 sectiom of thiy paper It f1 posible that the umts of Hao-
sarTit and Fex (1939) belonged to the path d bed in this section.

Almm!kvclylhcycouldbclongmm:\cnu-lpuhujydmﬂxdbyw
»0% (1958) thus pathway 1 also strongly influenced from the anteror eere
bellum (HowigveT o o 1960) In the lateral part of Flechsigs fascicuhn
\;xomonhnp:uhwlymnum:ﬂmafmmdnndcpthoﬂc-(hanlmmbdw
the surface.

14




was inhibited but more often facilmated.

“Theae unltt were fund frequently and predominantly lerally in Flechaly s fhscid]
hmhﬁ:dﬁmbemmhmmﬂyhywcmhﬂmwtum:hmm
discharge in Florheig’s fascacle. Sometmmcs (bia doscharge did comst of two components
a1 in record C, Fig 4 The late compunent n the Feft record, with an aaset 17
after the group I evoked discharge, could be doc to actmty in the units described
this secthon. Tha on je Dot il d by tho fact that the lat
component of the mam dmcharge i not aboluhied (record FFig 4) afier tramsecdan
of the dorml part of the lateral funicle in 1S Although not being part of DSCT wane of
these uxons may arke rostral to LS An additiocal posibility = that these axoos have
more ventral location [n the kower hrambar reglon and that same were spared by the

|

Jexon, On mimuletion of the Lutcral funicle In L3 it was noted that many of these
sxooe bad  higher threshold than those of the other two pathways of this paper
Discussion

Of the three non-DSCT patirways described the tactile tract deserves the

greatest interest at present. These are d excludvely by Lght
tonch, and there was no addibonal actvation on presure and pinching as
bt been found with two subgroups of DSCT 1 and Oy

aanmox 1960) and with the pathway described 1n sechon 2 of this paper

the most doromedial part of the lateral funucke in almost complet anatomucal
sepanon fom the mare laterally jocated dorsal spino-cerebellar tract. This
may be due to the difference in segmenml leveh from which these pathways
arise, It bs known that within the dorsl spino-cerebeliar tract fibees arbung
from higher levels of the cord are accumulaied more ventrally in the tract
(Yom 1932, V acrawasma 1959) The separate kocation of the DSCT and the
tactile tract offer techmical possibilities to differentmte between the functonal

mitlmber of domal spino-cerebellar truct neurones ean be activated by wctle
strmuli (Lanosens and Osxaanmox 1960)
Pru-nmblydmcdhnfmglnnttbcuuikm,u:nmmgmm
cellularty recorded from by Ecatn «f of. (1960) In ther nvesngavion cuta
neous tract celh with axom ding i the ipsil 1 dorsol ! fumcle
wtrefmmdlnLh:dcnglhuma[Lb:bwuhnnbuxgmcntnldchhofls
—?.Omfmmlhcca-ddomnn.'hmhwmldbcmtheﬂhudhhhyu
of Rexxp (1932, 1934) All these cells reccived monosymaptic exatation from
de'uholdumncomlﬁ'mhbutnmewmaaudbymghmruhﬂd
mancle afferents ay well and are probably the colls of origin of the
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(upper record) was provided from the left hemivermbs and the inhibatory
effect from the left intermediate cortex. It was hawever not penible to denste
any area as preponderantly exatatory or mhibitary for these units, sinee there
was a great variability in different units. The most common response was in
fact ane of muxed exatation and inhibiton from the whole width of the an-
tenor cerchellum. At the onset of repetitrve stimulgtion there was an exatatory
burst followed by inhibi and on fon of stimulation n Jonglut

exatatory rebound ocowrred Strong cerebellar effects have ako been found
on & ventral pathway but In this case 1t was pomible to denote scparate ex
citatory and mhubitery longltudmal zones on the antenioe eerebellum (Hous
ovnr d af, 1960 b) The pomibllity should therefoce be comidered that the
effects desenbed here are exerted by another supraspenal control system from
the anitrior cerebellim. Further expermments are obwownly needed to jo-
vesugate ths problem. The cercbellar effects, desaibed may be of interest
to account for some {mdings by Haopawrit and Fax (1959) They recorded
from axom in Flechugs fasaculin and observed strong effects in many s+
cending neurones on sumulaton of the antenor cerebelliom. We ha e not
observed any marked effects on cerebellar sumulation on amy of the 5 DSCT
subgroupt (Liopiro and Oscarmon unpublithed) or on the pathways de-
scribed in the firat 2 sections of thrs paper 1113 pusgble that the units of Hao-
paxti and Fex (1939) belonged to the pathway described in this sectlon
Alternatively they could belong to the ventral pathway described by Oscans-
sox (1956) tho pathway o also strongly nfluenced from the anterior ecre-
bellum (Howwgvist «f al. 1960) In the Interal part of Flechsig s fascicuhn
+ axons of this pathway are sometimes found at a depth of ke than | mm helow
the surface.

3
1
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1) Aputhnymympduﬂyum:dbyth:lawutdnuhnldammn
ffe Thesc dequately to lght touch from very re-
sirbcted receptrve fiedds but do not reccive addibonal actvation on premure
and pinching of the sidn. The ayoms of th pathway are Jocated in the me-
dwodorsal part of the lateral funiculus in almost compl leal sep

from tbe more lateral docral spmo-cerebellar tract. There was little or no evs

7) A pathway activated by ipeil { and brgh threshold pmn-
cle affx ‘These ble closely one of the subdivistoms of

the skin. Actf of a @ diny ibitary pathway (Hotugver d el,
1960 a) suppreses the effects from muscle affercnts converung this tract to
an exeroceptive pathway

3) A pathway cacited by cutancoin and by high throshold muscle sferents
after 2 loog cemn! deluy Strong excitatory and inhbatory effects are evoked
on stimuiaton of the antenor cerebellum.

Thi lavesigation wae wpportcd by grant from the Swodhh Modical Research Comnell.
Techical mlatance wis ghren by Mr E. Zox and Mis Kaane Exzzmon,
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groude ceth, The cromed projection appeass to be more efficlent and
oty of thicker Atwcs than the septo-dentate path.

In the to clucidate the fx 1 robe of the } } regaon
hﬂuxdbwsdedgeddnmdd:nﬂam(unpubuwﬂmmmh
needed. In a study of the projections from the septum it was found tbat single

Tbmwwhhwdnwmmuhw»(lﬂwh Tt inchalcs the
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thock stimulation of ths area In rabbats produced wathun the hippocampal
reg{onm‘odnunntypad'pm:nthh,mmmrdcdfmmd\cdmutcum,md
& sccond from the ventncular surface of fiekd CAL whereas po distnet potenuiaks
were obtamed from the sbicular and presubscular arens.

The amatormeal reports on projectiom from the scptal arems to the forno
and hippocampal region contain several controversial paintt which need
further cxpermmental clanfication. These concern the exstence of true seplo-
fuppocampal and septo-dentate fibres as well as their exact origin course and
termunation (for references see Darrz and Powers 1934 Molaxoy 1953 a, b,
Craoc and Hauwrvw 1957 Voraw 1960)

The present investigation represents an attempt 1o clandy some of these
controverdal isuex and to study the mechanim of action of the presumable
septo-fugal impulses on the dentate neurons. In a subsequent article observanons
concermung the septo-hippocampal prog will be p d (Axorasax,
Kaana and Bauraxo 1960}

In an independent jnvestigation, Eurre and Green (1960 a, b) have studwed
the same projections. The present study corroborates some of thewr fndings and
glves additional jnformation concernung the origin and distribution of the septo-
dentate connections,

Material and Methods
Slxteen adult rabbits h d with hane-chloral (750 and 40 mg/kx

was performoed with bipolar stainlest ateel electrodes wiing square ware
puba of 0.1 micc duration, & frequency of 03%ec, and intensities varying between
thrahold and five tmes threshold valoes. The recording electrodes contlted of a stadnks
steed wire (030 ) or micropipettes (about 3u) filled with a 3 M KQ1 solution. The
records were obtalned mooopolarty veing a conventional push-pull amplifier
Anoia was produced m animah immoblieed by ) el
(Decacurn® AFT) in dosas of 0.25 mg/kg by replacement of the ovypen by rdtropen
through the respirator
The dectrode tracks were ientified using a moduified Nemts method (Amdrarn 1936)
The histologcal pletore was pared with the tals obtalned fomt the vanour
depibe. The statimng technique was used in expeniments with fibre sections to deter
mine the extent of the lesons.

Results
Patiern of response —Fnﬂmdngnmuhnhaofdrescpﬂlmgm-q#al
entisl wus recorded bilaterally from the dentate aren. Thrs conmsted of an
udunhharpncgnuvcrp&c.fdbwcdby:dw:rpudm'enveofwmampﬂ
The chloralont was kisclly srpzplied by L. Merck, Dermetadt.
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tude (Fig 1) Sometumes a late negatrre spike was superimpased oa the pontive
wave. However thh spike wis shown to represent the discharge of GAl cells and
wrill therclore not be dealt wath farther The latency of the injual spike measured
2—5 mmec and the daraton 2—4 mec. The duratlon of the poative wave
ranged from 10 to 25 myec and its amphitude amounted up to 7 mV Thrs slow

amplitude than ded the spike.

When & mall glaw capillary electrode was used for recording, the initial
negative sprke was at certam deptin replaced by multiple small spikes (Fig 3D)
Octadonally the | lal obtained at certain depthn of the dentate area
consisted of & pure negative wave of 7—15 meec duration and with a slightly
horrger latency than the initial negative spike (Fig 4)

Delirutatoon of low-thresheld riractures in the sepial regom. — Because of the histolog
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ich el were reaspantble for the p It evoked in the dentate ares.

By weak stmulauon of the dorsal sarfacs of the septirm and the adjacent por
tiar of the hippocampus and Ambna the typscal rasponte was recorded bulater
ally in the dentate area when the electrode was placed on the postero-medial
part of the septum (Fig 1) Stimulation of the antcro-lateral portion of the
septum produced only smaller potentieh. Stimulation 1n the midhne was les
effective thar was stimulation 0.5 mm laterally Inconsistent and small dentate
respomses were cvoked from the {psilateral fimbria and ficld CAS of the huppo-
campu. On the other hand, exatation of the contralateral ficld CA3 produced
a dentate potenual which was dimilar m form but of conuderably shorter latency
and higher amplitude than that eliclted by septal stimulation (cf. below)

Fig 2 shows the results obtuned by sumulation at vanow depths within the
scptal region and recording from the dentate area Maxmum responsey were
obtamed when the tip of the penetrating stimulirs electrode was situated wathin



{1,.

gnorpeEne 8 Sa]

RS

the dorsal I mm of the septal nucler, whereas the response dinappeared when the
tip was inserted into the fornix () or the ventral paaltennum (ps. v )

replaced by & series of smaller spikaa (Fig 3D) the amplitude of each indhdual
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obtalsed { Lbedcn
b l.aandszm indicared depthy w. ukml Rmﬂtkp)trnu.bnhﬂud

spike showed the same change at the varous deptls, ther aumber being coa-
stant. Second, the polarity of the initial spike changed as the ehectrode
pencirated the dentatc arca. At a depth prosumably cocresponding to the
upper blade of the granule cell layer the spike was almost purely negative
(Fig 3AB 21 mm bedow the ventricular surface) Withun the hilu of the
dentate area the spike was almost alnent (24 mm} At a sull deeper fevel (L7
mm) probably correiponding ta the lower blade of the granular layes the
1pike was again alwost purely negatve From these observatons {t may be
concluded that the wucal negative spike of the scpto-dentate raponse probably
repeesent the dicharge of the granule cells of the dentate aren.

As mentoned above the wsual dentate rospome to media] septal sumulation,
t ¢ the negative spike followed by & poutive wave was in some expenments 3t
certain depths replaced by & sngle negatse wave. The relation between the
two types of seplo-dentate response at variows depths appeans from Fig 4 At
a depth of | 8 mm below the ventnicular surface, corresponding to the upper
blade of the granular layer the raponse was of the ordimary type. At deeper
levels the polanty of the paitive wave was reversed. The pure negatd © wave
recorded from the central and deeper parts of the dentate area had & jonger
latency than the negative spike recorded from the upper blade of the granular
layer 3 seen in the st recond.

In conchmon, it may be stated that the septo-dentate reaponse ord narily
consnts of two components, an smitlal neganive spike (representng the summa-
tion of several ndmidual spike discharges) followed bv & poutive wave of
Jonger dusation. Sometimes the deeper parts of the dentate area may yicld &
rmml}ﬂtmtmumlyo(:;hwwmtmmﬂmmew'plhuﬂ
the, submequent wave — whether recorded pontve or aegative and polated —~
are mout likely duc to the acuvity in two different structural elements witkn
the dentate aren, Thes peon 1 further b d by the cxpenments 0
be described below
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3fsec. Thes depremon was sometimes associated with an increse in duration of
the initial spike.

Followang a burst of repetitrve stimuli of relatively short duration (3—15 sec)
and moderate frequency (10—20fsec) the pontive wave exlublted a distinct
Ppost tetanic potentiation, whereas the Initial spike was almost unchanged (F'g
5 A) As typical for post tetankc potentiatron, 1ts degree and durntion was
enhanced with incrensing rate and duration of the tetanic sumulation provided
these values were not too high #0 as to produce deprason. The post tetanie
potentiation lasted from 5 sec to 3 run

More Intense repetive stimulation or a senes of tetanicstimulation perlods,
resulted in a depremion of all components of the septo-dentate response, lasting
from a fow seconds to 5—10 muin The initial splhe was the most resistant part
of the response (Fig 5 B) The sesutution of the septo-dentate resporse subse-
quent to a depremion followed a typleal sequence First, the initial negative
spike and then the posttive wave gradually reappeared.

Spontancows selfsustaned ducharges were seldom recorded from the
dentate area as compared to the hippocampus. Those obtalned from the dentate
clectrode commsted of positrve and fairly show waver, These were interpreted
as discharges originating at some drstance most probably in the hippocampin.
Simultancous recording from the dentate area and from the field CAl of the
hippocampus corroborated this asumption, Abo, afierduscharges followlng
scptal sumulation were more readily recorded from the pyramidal layer of the
hippocampal field CA] where they appeared as sharp negative waves, whereas
the dentate dectrode only recorded the dutant, postrve and slower potentiah.

Effects of anoxra on the sepio-dentate respemse By anoxia a further distinction was
made between the two man components of the septo-dentate response. The
nitia]l negative spike was more renstant to anoxia than was the positive wave
(Fig 6) The latter was somctunes replaced by a slow negative wave
In one expentment the spike was recorded for as long as 23 minutes duning pure
nitrogen breathing under over presure 1is amplitude remained constant for
about 4 minutes, followed by a gradual decrease. By readmuston of oxygen full
restitution took place within 2 munuter. The duration of the anitlal spike io-
areased somewhat diping the anoxc penod. The was apparently duc to the
abolition of the subsequent positive wave. This demasking of the Initial spike
resembles the roula peutive stimul (Fig 5 B)

Relation betieen the acticatwe of the dentate erve by prlderel sepial and by comtre
lateral CA3 sirwoulation. The dentate response to stimulation of the septum and
the contralateral field CA3 (the crossed CA3-dentate response) are shown in
Fig. | and 7 The two potentals are similar in form. However in pite of the
Jonger conduction dutance (a3 measured along the coune of the ventral paalte-
num fibre) the latency of the cromed CA3-dentate reypome w1 comuderably
shorter than that of the septo-dentate raponse (Fg 7) Furthermore the

ampliude of the erossed CA3dentate potential wa higher By placing the

1 q




(Fig 7Band C) Weak sumulation (1-—1.5T) eliated the negatve spike of the
scpto-dentate response, wiuch had a duration of 3.5 msec and a latency of 4.2
mee. By stronger stmulation {1 6 T) » new spike of 2.3 nnec duration and &
latency of only 1.8 muec appeared, probably due to spread of the sumulating
curTent to the adjacent fidd CA3 Still stronger strnulation produced an aug
mmnﬂaud‘nbelbmh!mqrp:h,nbamth:hu:mwudcprmtd

bolubed. Since occlusion occurred when the sumalus
nm-mhvmlncramd(ngj(}) the two spikes probably represent the actmity
ol the fame elenumts ovoked by aferens mprabes through e two Toutes.
During anonla the scpto-dentate as well a3 the crossed CAS-dentate respomse
thowed with o 1 or 2 mun & depeesson of the Late spike and the positive wa ¢,
uhawth:imdﬂlpﬂaofbmhmpomurm!cdammfoxmﬂmlo
run, altboogh ther hed towards the end of ths
penod.mhxghlndunﬂlummanoemmufmeﬁmualtpﬁcd'lbem
Tesponses in question ks also In favour of the amumpnon that the actvauon b &
direct one for both afferent 1outex,
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Discussion

Lacaliatwne of the loc threshold strwctures within the sepial regon The reuls
presented andicte that the potential recorded from the dentate arex on stimula
ung the septal region probably b due to the xethaton of neuroas lying In the
pasterior doro-medial part of the septad nuciear man on both sides, possibly
the magooceiiufar medial septal nucler. The fibres of the fornix and the ventral
pralienim seem 1o have a higher threshold and are prolably not aumulated
directly by the weaker yhocks. This interpretation of the origin of septo-fugal
wppulses coursing posteriorly into the fornlx 1 in agreoment with anatomsest
cbwrvations by Merries (1943} Rose and VWoowsty (1943) Darrz and
Powril (1954) and Malazmy (1955 &) In these studies retrograde oofl changes
~ere found m the medial septal nuclews follovany damage to the hippocampis,
fimbra or formix.

Comase and distribuinr  { the sepio-dentate cmpalees The section exponments
suggest that the septo-dentate mmpubesy coune along the fibres brtween the
moet redial bundies withm the fomm syxtem (the formix supenor) snd the
iateral ones formung the fimbris Tho b o good agreoment wath the results
prevented by MceLamoy {1955 b) + ho stated that the medixd fith of the body of
the fornix contamed fibres that penctrated the corpus aalionum 1o g the
angulum whereas the muddle three fifths enciosed dfferent fibres from the
magnoceliular part of the medial septal nuclews ending efther sn the luppo-
campw o 1n the temporal neocortex.

The recording fram the vano layen of the dentate area suggests that the

po-d prajecton two distinet zones apparently corresponding
/{;ﬂwmbhdcoflhtgmuxcedlh)ﬁ There were addivonal ugns of acuve
tion of cells fying o the hulu of dhie dentate fasua (see bdow] Sumulatson of 8
ungle poant within the povicnor medial septal regaon caused a falely widaypeead
activation of the dentate granule cell fayer The expenmentt do not aliow
any conclusions regarding a paastble tapographical rel hip diffe
parts of the medial septal nuclews and the vanons portions of the dentate area

Visde factwntun [ the grounle cells by scpto—dentate tmpelizi The sn ual negative
spike of the septo-dentate respome probably reprewents ducharges of the grantic
cofls. 11 seemns permimble to conclude that the single yptke most bikely 1 cor~
posed of the nearfy synchronom ducharges of » group of granule cefly, whereas
the muluple smaller pikes recorded wath the micrompettes represcnt the
fring of wdnadual oF of & small number of vach cedls. The thort refractony
pertod (1 7—1.B moec) and the great seusiatce fo Anoxia Vugges that the
granule cells are excited monosynaptically by the septo-dentate path as
proviouly indrcated by Eviex, Grrex and Rioer (1958)

The wnterpretaton of the following slow wave n mare difficult. Ths wa
recorded a3 & poutive wave from the granule cell layer and wually alo from
the hilus fasciae dentaire (CA4) Howover sometumes it wR RIGILVO D (ES
tatter regron. Thus the wave may reflect the seuvty of two different dlemente

et
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One composent of this wave may represent retrogrede imvasion of the depolan-
zation fram the soma mto the dendnte tree of the granule celly, the other may be
due to excytation of CA4 neurous, The deprendon of the pontive wave by anoxin
and by repetitrve stimulatson may be duc to & block of ths dendnibic actvation.
The wuml mmense positivity of the slow wave when recocded from the ntm
fascrac dentatac is alwo 1n favour of the 1nterp of thy P ns
partly due to spread of the cxcitation from the soma of the gramule colbs along
their dendrites. The positrvity and the high amplitude might be explained on the
basis of the brtological arrangement 10 the dentate arct with the granular and
molecular layen endonng the hilus, through winch the efferent axont of the
granule cells, the mowy filets, are counsing an cnentaton resembling the
closed fickd of Lozewre e No (1933}

In conclunan, the slow wave following the mutral spike may be due partly to the
actvation of granule cell dendnies and partly to the exatayon of CA4 neurons.

Relahan betreen the 1prlaterel spiel end the creseed CAS acimation of the groxsls
ally, The moat soilnng featute when comparmg these twe routes of dentate
activation 1 the dmilarity in form of the evoked potentialy, The mutual occlu-
slon of the negative spike indicates that the tame clanents are actrvated by the
two aflerents. Strong cvidence n offered by expermmental histological work that
mtcrhippocampal umpubkes sctovate the granule cellt (Bracxstan 1956)
This strengthens the amumption that the imbal spike of the two responses
represents the activity of granule eefls. However when companng the two
rapomes, t n evident that simulation of the contralateral CAS 1 the more
effective oge, producing a much larger ratponse with a connderably shorter
latency than that eliested by ipail. 1 scptal jon. The great Gtud:
of the spike cvoked by L 1 CA3 stl ind
effickency of thi afferent route, Thn i 10 agreement with the mane termunal
deg jon around the p ! part of the granule cell dendnites follovwmg
scverance of the 1 1 hipp pa) {Bracxsrap 1356) The
thorter latency of the cromed CA3-dentate rexpome roggests that the fibres
mediating this rexpontse arc thicker than those conveying the septo-dentate

The absence or scaraty of ined electrical afterdischarges in the dentate
rea mary postibly be explained on the bash of the different structural organza
ton between tha area and the hipp where such disch arc very

common. The main difference scems to be the smaller posabalities for repetrave
stimulaton by way of recurrent callaterals within the dentate ares.

The coacarch reporied I th cormonication has been gromored m part by the Norwegian
Resenrch Council Sor Sence and the Himcaniles and In the Aur Foree Offiee of Scicntifie
Rescarch of the Alr Research and Tron o

Developrment Command, Unutrd taiey Alr Force, tirough f1s
Earepran Oficr wadtr cantract o AF 61 (514)—1127
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Activation of the Field CAl of the Hippocampus
by Septal Simulation
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Abstract
P H. Bavtaxo and B. R. Kaaoa Actwation of e fuld

CAL of the kippocampna by wial siomlatron. Acta physiol. scand. 1961
29—40. — In rabbin anaxtheda
extience has been vorified by the

Thua,
part of the spwcal dendrive may mutiate splika of an all-oc-none
character

1 a previows communication (ANprzgex, Bxriawd and Kaapa 1960) the
actrvauon of the dentate arca by stmulavon of the medial septal nucleus was
reported. The present articke is concerned wath the activaton of the field CAl
of the lippotampus in response to sumulaton of the same structure.

Material and Methods
Saenteen adult rabbsts anenh d with wreth hlocalome! were mrd. Detailed
descripnon of the techmque bt been grien in prevams comorumaauon (Avoessy
BatLaxo and Kaana 1960) T bnef, the evoked potentul technaqee was used  employrox
wrall samulaton and recording electrodes. The analyms of the roponss were msde by
depth retordmg and stmulation, and by the uee of pasred and repetstrvg S, anonse
aod locally spplacet strychmne.
The chloraioe wms kifly seppleed by . Merck Durmweads
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1 a recordunp and negutmty upeards.

Abbrevanons

s demr dentae area Aepp.

€. AN ANWNOC ofmTnre E cairal paalicrmm
£
L sp soperaor famx 11 entr thurd emtnde

Resuits

Strmutavon of the exposed donal surface of the weptum ehated & typleal
potental in the pu- and conteatateral fickds CA of the two fuppocampd The
response consuted of a punne negative wave with on2 or two negative spiker
superimposcd on th pouts e wa e (Fg tand 2 The repome thus reserbles
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g 2 Durlbatrm of the :-’m* pobentiods. The ditribation js bilateral. Mowe the maall
potcntiels in CAY (Bear the ) e er the anguinr bondlc sod m the entorbisal aroe.

the CAl 1 tlal evoked by laton of the syrmetrical pount
dmuﬂ:wﬂﬁddCM(Ale}Q) The dow surface poutve and
negative waves had the ame threshold, whereas that of the spikes was higher
Inmdcrlodd.mml!hcnmcmnhthmdx-:pmquionwbxbgnemcm
the b wis performied at different surdface
p:nnlndn'mcmdtptbalhrmxghmd:modcpcnﬂrlungthcxpulnnda,
the fonox, and the ventral paalterium. The revults are presented in Fig 1 The
cxatable ares was found to be mtuated 1 the postero-medual, dorsalmost part
of the septum, o ding to the magnocellular part of the medlal septal
nocews (Youxo 1936) No typscal potential could be recorded when the
stimulating electrode was placed withm the fornix or the entral pealterrum,
nm.ﬂbfpfminqum-ppanwutg{ml m the medial septal
nuckeus and repr a true 1 pathway
Todctcmﬂn:\hﬂhcrl}tcmmhm:lpmmmjwnldnmoncarmcduwd
via the septal nocle of the opponte de, records were obtained bilaterally before
and after suction of the septal nudd of one nde (Fig 1 B) The upper record,

tn cach pait b the peilateral response wheress the lower thows the contralatenal
djmpoumm, ¢ of the p b di that bath prof; are
rect.
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luded that the septo-hup | fibres are mituated between the most
medial and latera) parts of the fornix fibre system and then course in the aheus
almost directly 1o the dorsalmost part of CAL Fibra to more lateral regons of
thus field probably follow the fimbna for a short distance before merging nto the
aheus

Dustrib S the septe-dnppocampal p Surface recordiag Sumulation of
the postero-nedual part of the septum clicited potentials dutributed over a wide
area of the donal hippocampus (Fig 2) The area of maximal respones was
foxnd to be the CAl Potentuah of rmaller amplitude were recorded from the
CA3 their form was d fTerent from the typrea! CAl roponse bewng, manly
surface negative Depth recerding By this procedure the spikes were found o ba ©
ther greatest amplitude i the pyramedal layer (0 4—0.5 mm) and n the adja-




amd utnnrd 0.6 oam depth wath
fig 4 lnh- -.?chm mmﬁ a n;'ﬂ
n:ldhnbn trtaone-produced depreston. Frvther explanxtion

cent part of the stratum rachatum (Fig 5) In the latter regpon » substantial part
of the surface-poutive wave was recorded with reversed polanty In some
expenments, howeser the positive wave was diminnbed bt not reversed at
0.4—0.7 mm (Fig 3 By For restont ghven below the deep negative wave Is
regarded a3 & cxcRry postsynaptc potental clicited at the basal pary of
the apreal dendrues, suggestng that this pars of the CAl neuroes n the man
nte of termunauon of the sepo-bippocampal peojectson. Following nngle
shock simalation, negattve spikes were not recorded from the rest of the etratum
radiarum, sugpesung that the spikes during sach condiions are pot condocted
sazato-{ugally along the apical dendrites, This findimg s 10 sgreement with the
ol obamed by Eviex, Gresx and Rrecr (3938}

The relaton betwern the spikes and the slow negative wave recorded from
about 0.6 mm below the rurface 1 ducdared by Fig 4 A4 thows the cffect of
mereanng stimuloe srength. On increrang intenaty the GEgADTE ¥AVE Wt
augmented and voe oc more negative spikes occurred soperimposed oa st The
Emlﬂlh!ﬂtxlmt*\\t(hcmtqikunppamd.Bﬂm“lhmrmd:
taken durmny the [ of dep 1 2 reult of tetanic
muhmﬂxdﬂchpmmldlhc negate e {recorded fram & depth
of 0.6 mm; B anocated with the appearance of spker. These cmerge from a
given bevel of the negative wave, ther latencles bemg shorter at the end of the
resiat bon penod a3 compared with the stact
36130135 dcta phywl soend Fel 31
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Fig 5 Efects of schor stmmmdietion, 4 Sicrace CAl reoneds obtalned 1 indbaated  thmodating (e
dd’lll (;;'mrkhm: :‘l:m‘b:nhe “ddwm;“rrp -

mien, we ~ ) change 14 and af er th telanee

Teemiaiont B Records bhuancd 0.8 mam bk the sertte of i

Each record ks sthown, except that 3 emeep (3 scc) kave been omltied 1 the open fpace
sec af cf the tetamas drsckarges from abowt 12 sec #f er the tetanun, Arrow
the record which thows the purest aeyataty of the first spuke of the

Exatenlity chenges f the CAl morens produced by seplal strovulatwn. Parred shocks
deinvered to the medul scptal nucles showed an enhancement of the test
rospomse, apeaally of the spike at delays from about 10 to 200—300 msec. At
delays shorter than 10 msec the test potentual was drnunbshed  total abol'voa
occurred at a dday of about 4 mce, probably represenung the absolute re-
Tractory period of the CAl neurons actnvated by the septo-hippocampal impubt.

Tetamc scptal stimulanon cawsed several alterations of the CAl response
These conarsted of changes in the latency and in the amp! tude of the spike, in
the production of new spikes, or of afterdncharges.

In the expeniment ihntrated 1 Fig SA repetitive stimulation enhanced the
amplitude of the fint spike and ellated & new spike after the fint one Thn
sccond spike was much more susceptible to tetansc sumulaon bong quwkly
abolshed after the iital enhancement. Dunng such stmulaten the latency
of the butial spike t fimt decreased then 1t gradoally increased and reached



Lanmmmnmﬁmwaudapb of LAL B
o

reeorded
Tnueh.kr\n!h:mmﬁmnnd rokumas of & 1 10 scr. Soo bext,

the presumulatory valae. The first mogle shock after the teunus eliated » apike
with & minimal latency and manmat amplicade, bat after s while 1 gradually
thanged to the onginal forra 2nd twme coune. Principally scallax resalts were
obuerved wath regard to the second spke.

Post tetanic pottotiauon ocouwrred almost regularly affecung the spikeo as
well as the late nurface-negative wave (Fig 54) The duration ranged from yome
weoods o abont 3 min, depending upon the frequency and the duraton of the
lzunictﬂmuhuan Occanoanlly a spike could be prodaced by post tetanic
P 4 o » freg y abave $0fsec oflen resalted m & pure
d d’!.he b which outlasted the by severad munutes,
mmmmmmmﬂxmﬁc&wm‘ﬂmwhme
wrface-negative one \bmﬂ\cﬁmmd\bcmdt\ikﬁ

18 the posod following & tetapm of el y shont d o2 Yow freg
cnd:un;k:iwckwn}ddmnpamwdnchugu(ﬁx !:B-ndFigG) ’i‘hae
probably represent a sign of increased responnventn of the CA coctex because
this conditron often preceded one t whuch tetaue sumulation produced the
wual fong-lating and dow afterdescharges. The firse spike of msch repetitne
dacharges undernent & gradual change o configuraton — when recorded
I‘mt)ﬁmmtx.b-rlhemrﬁce(ﬁg SB; lnlhcpa'xodmmedutdyfoﬂuwmg
the waame \ the were uTeg) Yrut after abont

nurmber of dxx.hx.r;m the fimt splke changed from a positive/pegative polarior
o & pare acgatsyity {8t aTow) and mbsequently rewmed 19 urigeeal form. The
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diph [i2's g prof of tmpulses from the cell bodies along the
apicaldendntes. At 0.9 mm the spikes are purely poutne, suggesting a condoc
tron block at thus ute.

Fig 6B shows the offect of tetsnse sumulation (10 sec; on the sepet tne die
charges recorded from the apecal shaft layer (0.9 mm deep) The sumulaton
was followed by a penod of depreswon Lasting for about 20 seconds At this Jow
sumulating frequency no mvawen of repeutve docharges into the apscdl
dendnites was poted, as found by Evrem et al 71938 Higher frequencoos pro-
duoced such m asion but from the layer of the termunal branches of the apial
dendnites only poutn potenuals were recorded.

Efect of cre 18 exd strychune Deprvation of the ovygen supphy resulted o the
disappearance of the mkein2—2 / mun pers pessa with a gradual and show de-
arase of the pegatne wave recorded from a depth of 07 mm /Fig Befare
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the abolitson of the rpike 1 lateney wcremsed and the polanity shifled from grure
1o posltve/neg tepb a pt umilar to that
obmerved for the bl spke of the repetive docharges (Fig 3B) On read-
m&wmumbmmmmmwmmw
intency powed o & slow neg veave, The forther development was
characterized by an augmentapon of (he negatuve wave snd » decrease of the
spike lateney Thu cxpermment shows that the spike mifutng mechansm o
mdyﬁ:cpemonnbmks-ﬁdmancwbd,mddmmcmwna{
the mechanham for the tiggenng of the spike ~— probably the deep negative
ware — 1t the emential factor in the establistunent of & pormal response. .
Locafly wpplied nrychnme mifate ( peve of filier paper soaked m s { per
cent solutna) produced the reverse of the anoxia effect (Fig 7) mmim
negaive wavesand the decp seg wy kedhy d tn mag!
x weil &8 in durston snd 8 wres of negatvs pikes occurred supermeposed
upon them, Strychrune meressed 2ho the fird spike {fast colma) When tha
waa absent, strychnine could sicit a apike of the sume latency as that of the
wsunl e apike.

Discansion

The xsttence of ¢ sopto-kappecempal projactn. As mentioned, the recorded huppo-
enmpal putentah are most fikely due to cxnitation of the magnocellulsr medial
scptal nuclen. 1n additan, it cannot be excluded that the nuclens septo-hippo-
campalis (Louxo 1934) contribute to the projection as well, The failure to
produce potentuh, with the same stimulus Arengiln, when the amulating
elecirode was utaated withun the fomsx or the ventral psalternom, indicates that
these Hlwe bondles have 2 hugher threshald, and that exertation of those filrex
plays & sunoe sole, if i m cfiatiog the wied hpp iyl p L
Thus, the experiments nggest the emtence of & troe sepio-toppocempal pathe
wry which oarguiates talaterally i the roedial septal nucler, Srmnilar conclusion
ha © beeon wrnved at with regard 0 the wepto-dentate profection (AoIRIES o of
1960) Thn mitrpretation 0 i emerind agreement with stndies on retrograds
eft changes wnthin the medial septal niclens follovg destroction of the hippo-
campal formaton (Merriem 193 Rosr and Wouser 1943 Darr and
Powrrr 1954 Mclasoy 1935} and normal anatomical data (Y ouxo 1936)
According 1o Merrres, Darz and Powses. the projection o ipadatersd, whereas
Melanoy found degentration on both udes follow my unilateral fornscal section.

Several authors have deeribed potenuab secorded from the pur
™ epome 1o donal forsux sumulaten (Grexw snd Apsy 1956 Duswor 1937
Errem tof ¥930) In view of the hugh thoesbold of the fornes fbees compared
wath that of the medial sepial nuckes t appears Lkely that they in fact have
excited the Latter ek, Tha would explaw the suspesmgly low chrome
nhfhrmxuudun{m&ﬁ)kmu]brmdﬁmmuhmi‘buecmhmmzc




36 PER ANDERSEN, IIELGE PRULAND AXD BIRGER R. KAADA
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deep negath w ve and of amplj odv and
with shomer time base 0 thow the rhythmecs] and fong-lertlet

remunng spikes within the group were all positive/negative but the positraty
12 smallest when the fint spile was purely negatve.

Repetsuive discharges recorded from dufferent levels of CAl are fllustrated o
Fig 64, At the pyramudal layer (0.5 mm) the sprkes are purely negathe and
superimposed on a slow negati © wave At deeper levels the spikes become
diphasic suggesting propagauoen of impulses from the cell bod es abong the
aprcal dendnites. At 0.9 mm the spikes are purely pont ve suggesting a condut
tron block at the ute.

Fig. 6B shows the effect of tetanic sumulation (10 see) on the repet tive d
charges recorded from the apical shaft layer (09 mm deep) The sumulabon
was followed by a penod of deprestion Iasting for about 20 seconds, At tho low
sumulating frequency no wwvamon of repetiive d scharges into the apra!
dendntes was noted, as found by Evrex et al (1928) Higher frequenoa pro-
duced such myauon, but from the layer of the terminal branches of the apicl
dendntes only poutne potenuabs were recorded

Effct of ewox1a @xd 3try kmine Deprivation of the oxygen supply resulted in e
disappearance of the prkein2—2 / mmpanpaxnhn.h-mdml;nddﬂ'df‘
crease of the Nt wa ¢ recorded from a depth of 0.7 mm (Fig ) Bebre
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with the smsumption that the septo-ppocampal fikra I an the border
between the sama and the apscal dendrue shafb,
w@mdwmwnwbwwm
The ease with which electrical afterdischarges and pout tetanic potentation
may be produced within CAl stands in & marked contast 10 the eootinony
found 1n the dentate area (ARDERSEY o o). 1960; Thu differenee may probabhy
be explained by a diff synaptcal

OF sperial interest i3 the peculiar yamatow i latency observed from CAI
during and after & persod of tetanic sepial stimulabon (Fig 9A) The lncresse of
the spike latency after the initial shortenmg during the tetanus docy oot seem to
be directly related #0 the mechanin responsible for the prodi of the spdke
sere ft was ded veith unahtered smphindt both during and afler the tetanic
sumylation. Therefore, the increasc in the spike latency 11 probably dae o
& depremion of the proces leading to the spike discharge, the symapoc tans-
mbwton, rather than the mechansan of spike decharge inelf,

Some of the observatfoms the repe harges deverve farther
comments, The temporary change In configuratoe of the firwt spike of the
series of dicharges from diph to pure neg (Fig 5B) suggests that

the spike ook 0 ofign at a certamn distance from the efectrode in the begmnmg
of the period, whertas 1 started close to the electrode up at the baght of the
penod of d bility The most probable nte of the mb of
the spike by septo-tuppocampal mipulses under normal conditons i the cell
body In st of increased imuabifity bowever thus ares may maease and
1he wpike can then take ity origm from a greater area of the neuron, ncluding
part of the apical dendrites,

Conversely anana was shic to change & potrnual obtained from just below
the pyramidal layer from neg Y to p ity/negatmty Ths ph
could semularty be explamed by a narrowing of the depolared ares during
anaxla, from one comprising the somx and a part of the dendntes toone regct
ed 10 the sama slone.

The degree of exaitability woukd then be directly related 1o the area of the
sarmnal cell membrane that the afferent mpulses depolarme. The more the
exatability u eshanced above the normal level, the greater n th part of the
dcndntuwinchmybc!mzdedbyzh:qﬂahnmmdlntbcmm,uohuwd
byf»mnﬂnL(l?S&)undhyEumwd(nm(!%)ﬂwrtpendverp&e
dacharg dexxloed above (Fig 3B) may represent a tranution between the
sortal conditon and ooe of heghty i bil lung 1 p
clectrical afterdnchanges or ln sp 1, self d eptep dis
charges.

iy 1

The rowrerch reported m this commacation bas bren sporaorcd i it by the \erwegan
Revenrch Crvmcil o6 Scienc dmd the Huenametes, 25 m purt by the Asr Foroe Officr of Scienitibe
Resewh of the A Rewmrch gad Commwnd, U aised $aites Are Foree  throogh
ve Ewropran Officr wnder comtract Xa. AF 61(314)— 1127
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From King Gustaf V Ramrch]mﬁun:udtthqxnmmud’ﬂinklehyﬁﬂou
and Sergery harolmska guklimet, Stockholm, Sweden

Does the Urinary Excretion of Imidaxole Acetic Acid
Reflect the Endogencus Histamine
Metabolism in Man?

By

Haa Do, S0 Orro Litjnant. and Bexor Poawow
Reeched 12 Angust 1960

excrenon Wt during the firt days after the sccident, the

acretion and shomed po mgnificant vanabont,
Adminatration of hataminc or bistidine gave 2 dight Increne (o the
extreilon

The catabolc pathways of hriamme m 1vo have, m the last few yean,
been darrfied, partcularly by the works of Sciaves (1956) and Tasor (1936)
The resals have recently been reviewed by Scmaves (1959) Studics with
Cdabelled hivamine m man by Saaves and Coorer (1956) and Nrmox
naL(lBSQ)hnvcllmlhuth:pnnapalmm:lnu;chmnnmduuua}m
was mrthylaton to methy lhistarmne or 18 oxd product methylimd
mndd.Thelautrpmdunmmm!cdnbom45ycrccmu{aﬂC‘thd1cd
compounds found in the urine. A munor part of the hutamine was fnactivated
bty butamunase 10 inndazole acetic acd riboside (20 per cent) and imidarcle
aceiic atd {10 pet cent) 2—3 per cent way cxereted a3 free hymamme which
grees with earlrer resuls (Apaw 1930, Duxix and Peaxow 1938)

4



42 HANS DUNER  STEX OTTO LILIKDANIL AND BENGT FERXOW

There are 7o known pic proced foc the d of the
major histamine metaboltes In the urme methylimidatole acete and and
irmudazole sceuc addd ribeude, Methods for isolation of wmdarole neets send
{ImAA) from unine have been deseribed by Haxwown {1937} and Bavomiosx
and Tovmrerrorre (1938) Both methods employ adsoeption on Son exchange
rens and wdentification on paper ch graphy by diaro reag: With
thiy method Haxsox (1957} found no ImAA a3 unne from normal buman
bemngs, while large amounta (650 and 2,600 gg per 24 houns) were exwacted
18 two caser of urticans pigmentosa. These patients are known 10 excrete
large amounts of Iree histamunce in the urine (Daoorzx of of 1858)

1t & known from experimenus on rats and dagy, that ImAA n formed aho

from hisudine wathout ki being fved (Batowpor amdt Tovwrzy
rorre 1938, Lrmast, and Sciaves 1939) In thoe animals the urinan e
creuon of ImAA 1 therefore no speafic on the endog h i

release. However smce the daily hstdine imtake In man seems to be rather
constant at an ordinary dict {Brocx and Borissn 1951) the urinary excretion
of ImAA mught be supposed to reflect changes s the hatamune release I
order to stixty thes hy pothiess the effect of sdminmtraton of hatidine and hustam-
ime oa the ImAA excretion was studied in healthy human subjects. The &
cretion wit abio studied in patients with severe bumns, showing a high mdog
enow hustamine liberation dunng the fint dayy after the bum accidens (Ba
xx ot 2 1957)

Material and Procedore

The urinary of free and 4 b histidine and lmiA was
studsedd in four bealthy male subjerts and theee make pavenn with severe burm (30—
40 per cent body asea) The normal subjects were fed & siandardised diet with & o
culated histidime imake of 2—3 g per day

The urhe was collected in 24 hour perdody, In the normals control sarnpies war
collected durmg 2—3 days. Then for two dave 3 myx fustamne base drhaed 10 § 000 2l
mlive war grven each roormuing during four bours. After one or two control days 3 %
of Fhitudine way grven by roouth st mne o chock i the moming

Asalytical methods

Free and conpuxated kdeswrae were exuacted and gnayed xs dewnbed easixs
{Dovia and Prascw 19561 Al valucs refer fo tuttamme base

Hutéine and Imdd 50 ml orine was sdpared 1w 11 3 with # aaturated schubon o
sodnom easbonar  and  oncenirsted o deynen in varuo s 33—43 . The sevnjor
obtained was dowolred 1n 3 ml of mater After roinfugaton the suprmatant ws
pemcd throogh  Dowex 1 colunm (1 40 am) which bad y bren wathed
with 2 N hydrochlorwe send aed sater The compounds wer ehuted with 15 HOL
Fractsons of 4 ml per 10 mm were collected w th 1 mmfmo%ﬂ;’)ﬁ

£.03 m! from fractsn 110 wrre placed on filies papers (vhatman

?‘wﬂd hed in a L dreg 7y tem with broanod aceuc acid ¢
water (40 110 10} a1z sal env Hotdine and JoAA wer userd s seference mbstan




Cae  Day Proceduce Urine  Histamioe grg/24hn  Imiderole Hisidine
w24 b wck! mg/24 b
F Conr i
mied

P — 800 64 175 34 131

2 — 7350 82 153 23 4

3 Hitamine 5 mg 1730 184 - 43 100

4  FianbeSmy 2200 161 - 32 "

M il 1100 2 Y] 32 191

€  HuidioeSg 1800 19 1 bl 198

7 HisidineS§ 1300 13 Lo 30 m

1 1 - 6% 13 15 as 2

2 - 700 a4 ’ 0 7

1 Higarooe S 1400 o 45 a7 3z

4 HsamincSmg 1380 160 8t 0z 356

M — 700 0 2 0 —

€ HwddoeSg L 72 12 13 »

1 — %00 20 it} as 128

3 1 — 1000 1% n 11 12

2 — 00 15 21 os -

3 HuumiecSmg 1500 160 ] 18 143

4 HeamineSmg 1600 04 11 24 163

3 — 900 % 6 0s 1

[ Histadine 3 g 130 13 19 42 3

7 Hisidime 5§ 1523 18 ] 50 178

] — 1100 17 4] o5 -

. — w0 16 16 17 164

2 —_ T00 n [ as 823

1 Huommedmg 1400 5 n 2 183

4 —_ 100 b3l 17 L] 137

5  HuxmincSmg 1500 ] 51 — 168

6 — 00 1 20 09 14

1 - ™0 [t} 13 1 143

3 Hustodme 3 g 1100 14 10 193 197

] Hstickne 5 § 1000 1% 11 10 6

10 — .00 17 H 18 1M
[2°% M\crdry'h;, lh:(hrmm'nm‘mm)cdwhh o reagent  (rulfanilic
acid followed by pu cent sodium carboaate sotution) The coloured spots of hurtr
dme and ImAA w mmmummhmbwhamdm

butasol  water

IOFrtmnihmarhununtum('l-" 25 3) (Hamow 1937}
The cobour mitcnehty wat read at $00 mu tn Beckman DU

sandards were med (he hstudine and ImAA references from the chrom togram teat
«d m the ame way

Prebmmary recavery B8 eXpeTImen!
TmAA added o normal wrine. « per e (B =

1mAA was syathemard and kindly pet i our dwpom! by Reop, Stockbolm.
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Tadie IT Bwens
Cue Doy sfter | Usine Ttamine pg24 hn Trmidszole | Hatdioe
born =24 hey acrtle acld | g hn
woedent Frre Comppated | g b

1 H ™ m 49 26 13

o 9 L] 12 it

3 bE e 1 29 3]

1 1in 32 13 4t n

L] 70 ns n 34 &

2 1 16 S8 -3 43 bl

1 140 L] 8 18 51

3 .40 ® 4 A8 L2}

1 {970 4 n 6 b

3 ¥R 13 n 3 h23

s 3330 n 1% E21 Ly

3 2 1 300 o 118 p% 3 in

3 130 n 3 43 (3]

+ "0 5 n B 1%

H 1050 H 14 41 m

Resnlts

The resuln from the heatthy subgects are givens o Table 1 and from e
burmns an Table 11

Heelthy swbyects The exereuon of free and conugated hrtamene dunng dhe
firnt comtend persods vaned withia 6 419 pg per 24 hours and 637 g pev
7% howrs rexpectivels An meresse up to 214 pg per 24 hours and 171 px per
24 hours respectneh was obtamed during the davy of hisanune sdminsn
tion. The ncrease s excrevan of fror htamune equalled 1043 peeermt
of the anfised amounts,

Thde\tnmngmﬁdmdungcmﬂummdhmdmngh&
tchine ad when compared to convrol penods.

“The wmoumt of c3ereied ImAA dunng the Grst control penads was 03—
SimgpcxﬂhmmDm\ngthrdawd’}mmm;dmmmnumdm!m.&\
exerevon was 0 74 $ mg per 24 howrs and dunng hotd ne admnutrson
13198 mg per 2% houn.

The hotdine excrenon dunng the fine control periods was Gi—776 £
per 24 hours, Dunng the dayy of hitamuse admurstranen the histding €
creton way 100 36F mg per 24 hours and dur ng hudine admun trabed
1 3339 73 hours

;u‘u ‘g::;mm of fe and onjugated hntarnine durmg the Gint dar
after the burn scodert was 38 89 g per 24 frun and 49128 g per 1
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hours respectnely There was a dgnificant decresse 1n th excretion dunng
da
‘hfnitdmngucrﬂmzlm.h\\«u 2.6—4 8 my per 24 hours dunng the fint day
after the burn accident sod ahowed no chear tendency to change during the
following days.
The cxcreton of histrdine wia 44—120 mg per 24 hours durmg the first
day and there v no significant change durnmg the rest of the observaton ume.

Concluslons
The valuess obtained for free and d b ine in unnc 1n the nor

mal subjects durmg the control penods were mthm the normal ranges earhier
reported (Duxtx and Prasow 1937) Duning mtravenous mfemon of hstamune
the unmary excretion of frec hiatamme Increased sigmficantly The percentage
of infuted hotamine excreted a3 free hustamune was of about the pame magm-
tude as previowsly reported (Apaw 1950 Duxir and Praxow 1938)

In the burn pauents a wgnificantly higher histamme excretion was noneed
during the fist day after the accident. The hisamine values then decreased
succesavely and were normal on the third day These fndings are 1n agreement
with earleer observanons (Boxr of o 1938)

By the method descnibed ft was pomible w0 show that ImAA 1 a nocmal
constituent of buman urme. The o In contrast to earbier repoct, where ImAA
f1 comsudered 10 be present only m cases with increased endogenowus histamine
relense (Haxsow 1937) The values obtained for hestidine exeretion were wathin
carber reported normal ranges (W ooosox 1948, Urricn 1954)

ThEFmpmtd'ﬂlcmnnﬂﬂphmmtodﬂammxfthImM
cxeretion mereased with h o n 0t of in-
cresscd hstamme release and thus eould be wsed a3 a messure of the endog-
enow hsamine metabolem. It waa thown however that ImAA m the unne
mrmcdmlydlghdyaﬁumfmofhrgemuufmnmmcnndmn

iR of 1
mchuth:lmdalmgcofhm\p\tmnncdmdemAA.E\mxf
lh:nnmbuuflhcmmmcdmummﬂlhem!uummlbowthn

m & ungie cxse tmall or mod changes m the endog: hk release
mm‘ﬂgmﬁtlm!yrrﬂcacdmthcamdlmmmtdlwlnmha
condiuon, however with even larger urinary excretion of free histamune a high
output of ImAA has been oberved (Haxsox 1957) 1t vas further shown, that
the ImAA cxeretion abo vana with the hundine mtake, which carher has
been oberved 10 ammah (Barpamor and Toontariorre 1958, Locorry. and
Scitavex [938) It @n therefore be concluded, that determmaton of ImAA

In man can not be uwd cinicflly to ctmate the endogenous hustamine
formatson.
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Transmission and Reflection of High Explosive
Shock Waves in Bone

By
Cane Jorax Coruxpon and Arxa Joasox
Recehed 14 Angon 1960

Abstract

Ciommox, € ) and A Joomot Tremowe ead et of high
srplonce cact xaer st beay Acts physiol scand. 1981 57 4761 ~
} ansone kfods ol bonse mach asfermur ribe with iatervortal stermum
with ritw and ntercostal cruscdes and spnal colume freen e, and foomar
and fernur + s with intact strfle jont from bore were exposed o Hgh
exphosrve aur shock wives 1 detonation chamber The purterns of the
prossuce ware i the bone catied by the shock wave were recorded preso-
electeally by menms of 3 banum tmanaie premure tremduces The
tracmpitird wave contists of two parts, The frst one, ailled the frant
wrve u due entrely bo the impect of the ar shock ware oa the
front surface of the abgect. The serond part o doe orainly 0 the pro-
gremh Josding of the statx pressure m the £ shock wive s 3t Praases.

by the obyeer, Do to the mbs ity of boue, tee d

msee. @ the Jong boncr. [ the spmal codormn and seroun 1 con-
sdersbly Somer and is dependen on 1he Segth of path covored.

\\’henuwundmwu-ﬁnucpukcnxhumdnﬁcdmm(ptmm
wave) cawed by a brgh explomee shock wa e propagates through & huoan or
animal body the wave will be more or ey modificd, since t n diffined and
beoken up by reflection and seantering doe to 1t passmg acrom 1 large rumber
of bomndary sarfaces and rogiom of different density This modification of the
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incrdent shock waves in biological tmucs Is chamacterstic and represents the
essentzal difference in the quabity of shock waves in air and water on the one
hand and the clastic doturbances caused by shock waves in the body on the
other The properties of shock waves produced by the impact of a high eloclty
mimle and transmutted through muscle, liver stomach, intestinal wall and
human skull bone and beef nbs have been studied by Harvey and McMuix
(1947) employing the spark shadowgram method The heterogenous structure of
these tinues cawed a drpersion of the vaves and made them appear as a serfes
of wavelets. In a previows study (CLEMEDSON and PerTERDON 1936) the preveure
patterna i soime body regions of rabbits exposed 1o high explosne blasts were
recorded by means of a prezo-clectnie pressure transducer The incident shock
wave was found to be changed to a different extent in the vardous regions studsed,
the meost pronounced changes occurring in the tharax

The veloaty of an air shock wave Increases rapidly with increase in peak
pressure. In water and 1n brolograal thaues, due to ther low comprodhbili
the velocity of the sthock wave produced elastic doturbance s almost unaifected
by an increase in peak presture. To a very good approximation, the velocity of
such a dbturbance in water and most brologrcal tipues can be comidered to be
equal to the velocity of sound 1n water 1 ¢ about 1,500 mfsec. It can be wumed,
however that thus does ot apply (o umsues containing aur or gas ¢ g the jungy,
and to demser trsues such as cartilage and bone

Since bone is the tiuein the body whech has thegreatestdenuty it would seem
likely that the skeleton should mfluence a blast wave pasung through the bady
more than any other structure pomibly with the exception of the [ungy. The
scope of the present invesugaton has been to tudy these problems wath speaal
referenceto 1 the propagation and attenuation of an elasuc duturbance caused
by a hugh explosrve shock wave in arscous unue and 2 the effects of surroundmg
soft imues on the reflection of such a doturbance agaimst bone

Materials and Methods

The specmens of bone used were fem ¢ ribs w th intercostal muscles (part of the
chest wall] stermum with amlsterally ftached niln and wntercostal musches and spmal
rohurmn, Srom o% and fonbes fermas and foror pha L wath tulle yont (ooen hocor Wath
e of the I mncles all < was caref My remon ed from the
bone In the speeumen of femur ~ Ubia the mmuscks wore carefully removed m arder
to keep the sufl jount muact. The speciment were expowed » th the long i of the baoe
paraliel with the direction of propagatson of the incdens thock ware The end surface of
the bone termed against the charge was ground plane m order that the thock wa oo ars
sbould It the booe rurfac eretly prrpendiculad 1 the case of nle with merreesta!
mosches the direction of propagation of the sthock wa  was acrom the spramen.

The boot specmen were exposed fo the shock % & 1n a detonation  hambr?
described earlier (Carsrpson 1949 Creuroeo~ and Crisox  (935) Th h mber w2
opu:lndwd-'!ﬂﬂlfnd £ Cersaoso~ and Crovom [935 lrdwﬂwlwi‘.;;
produced was of thort duratrom (overpresure phase about 3 amer) The hargr cmphen
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5 impuhe

Tronemitted

AT R .

e

Def scied
sheck wave

reflections and bnterferences from the wall and the At that Jevrd n the chamber
Lhe peak statlc overpresre in the air shock wave n 2.4 kgfon and 38 kg/omt for 2 g
and 4 g charge

Allantic Research Alcrandria, Va, U 8. A, that have been waed i mummber
of carller uudia n our la (Crovaneox

1936, CLivameo~ & of, 1956, Cazsaroeo~ | Cinurneo and hown 1959) Os
cillations in the

haa proved not $0 be pecesary
t0 use rpecral amplifiery in order (0 increase the thne comtant.

4 813015 Actephydel  ad Vol 51
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Th trataducer was raibrated m ar for shock wases pasing parafiel w s Jong axw
a8 w el s perpenditular to this suds, The tests showed that, for static premures betwees
+und 4 kyfem  the ummducen are in round numbess 15 per cent more sendtn s
wied widh thesr Joog sxes perpendicular (o the disection of propegaton of the as sbeck
wave The onemation of the gauge 11, howover of much fen imporiance when used
in 2 medum nxch 23 bone rmue. The senstivitics of the guuges med were bemeen
115 and L35 volo kg ot

To enable the inserton of the pressure transdocer into the bote pecimen s bole war
drilled in the bone Afer insertion of the gauge, the hole wat filled with moften gelatroe
which sfter congulation amured & good concact betw een the transducer and the bone

Results

A sch rep of the pe ume curve in & blologcal towe
exposed to 2 lngh explosive atr shock wave i thown in Fig | \When a body of
the Jund contidered here s expoted to the Joad from an air shock wave the
chatic dmturbances set up side the body at wome dntance from the area of
apphcaton of the load, dur to differences 1 velocity of propagabon of e
weaves 10 air and i the body ee split up into two mam parts (see Tig 1) The
first part 13 anoasted only with the impact of the wr thock wave on the froot
surfaee of the object and 1 1} with a refi P The sevond
part v due mamly o thy progromnve loading of the statie promure in the ar
shock wave a3 it passes by the abgect. The fisst part of such a doturbance in the
body 10 quation will from now on be called the front pressure wave and the
sccond part the staue presure wave as thes latter part in the recording poats
used » supposed to ongmate mainly from the load of the static pressure i the
ar shock wave The  ont impulse casssed by the inerdent asr shock wave which
13 a reflecuon impulse, n to 8 high degree dependens an the properties of the
expased medivm,

When the air shock wave travels shng wn the detonation chamber and
embraces the uue sperimen, the stauc prouure wave from the side suraces
succesuvely reaches the presure gauge delayed due to the lowes veloary of
the shock wave in s The statwe pressure curve » raing ooy alowly due ©
the fact that tho pressure wave 1 mtsgrated of a very farge aumber of impulvs
compased of parts with different path lengths tn aur and 1 tssue (e Fig 1}
The effect of the statsc load (nde-on preswure) n s pornt m the obeet gt 10%
dntaner from the urface of sppl cavon of the § ont smpulse load probably
reaches 1 aumum when the dntance covered by the side unpulse to €
POINL 1N GUESLON 8 2 TununugL Due to the finste length of the obyect wwed
n this 3o very iy fli ph are created whch
influence the pees ure wave pattern,

The appearsnce of the mr shock wave genersted in the detonation chamxt ¥
shoven i Fig 2. The teading part of an air shock wave o, the tranwuon 16
muh)d:ﬁmﬁmpmmcmcukuph:zuacxu:ﬂy\mumllmthldnf“v
protably of the xdkrofw*‘cmotjnmuwndxhcmmnftcpmhbfmt“
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the amplitude of the front premure wave and of the static presure wave.
Cowerel preswrs ware petiern

A typical premure wave pattern in & Jong bone {femur of ox) is shown in
Tig 3 A The S, xrmal) pes’k 1o ¥he far left m the curve o the front prernre
wave and the highen pesk in the muddle of the curve manly corresponds to
the maximum stauc prewure, The curve clearly demomtrates the complex
presaure wave pattern deschbed above As the mmaller ascillatons 1 the cune
have frequencies which are far from the resonance frequency of the gauge, it
must be amurned that they mainty are due to reflection phenomena In the bane,
It thould be ponted out, however that the reactions of this type of gauge, when
wntroduced 1n such & medium as booe b not kmown n detall,
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from & bone to the frant end of which had been
5 mulae a body of soft e
iam, 1G0T

Fig 3 B 13 a wmular recording
gelaune gel in erder ¢
dncal block was fength 200mm,andd

cast » block of 20 per cent
Thcdy:na-ummonrnnhn
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Aboat 100 mm of the distal part of the bone was within the gelatine body A
comparbon with Fig 3 A shows that the pressure wave pattern s pot signufi-
ecantly ahered by a soft medium, which the wave ha to pas when bang trans-
mitted from wr to boae,

The shock wave patterm were ementally the mme 1 the hare bone
specimen.

In s0me cxpenments the bone martow in the daphyses had been removed.
Thi did pot ngnificantly change the wave pattern,

A number of expenments have been performed in order to study the reflection
of 8 shock wave agains a bone surface. Fig 3 C b from an expenment, 1n which
the gauge was mounted directly agunst the (lattened end surface of & femur The
disturbances in the rmng part of the curve are caused by intermal reflections
mmaide the presure gavge, when the inadent shock wave hits the front nde of 1t
The high peak b caned by the impubie reflected against the sudace of the bone.
The spllttmg up of the peak m & number of ascillatems i 1n addtion to internal
reflections, probably aho cawsed by a number of reflectsom back and forth
between the bone and the rear nde of the pressure sermtive part of the gauge

The curve in Fig. 3 D was obxained with the gange m the rame painon as m
Fig 3 C, but in this case a gelatme gel body had been caat oni 10 the end of the
booe. This will change the premure pattern considerably The first high pressure
peak n caused by the mcident shock wave hitting the gauge. The spltang up
of thzs peak a1 seen in the previow curve (Fig 3 C) b now almost quite  beent.
The wecond prewsure peak appeanng about B0 gmee later and having about
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the same amphitude as the first peak 1 caused by the wave that has been re
flected back from the bone to the front surface of the gelatine body and from
there was again reflected back to the bone surface and the gauge. Since ths
wave has been reflected agaimt a ke dense medium (awr) the prasure wave
must have undergone & phase shift of 180 and consequently should have
appeared my a downward deflecuion in the curve Tha downward deflection i,
however almost unmediately reverted by a pew reflection agunst a denser
medium (the bone surface;

When the gauge 1 located 1n the front surface of the gelatine body Instead
of at the surface of the bone curves I'ke the one 1n Fig 3 E are obtained In tha
case the second peak, which 15 the pressure wave reflected back from the sor
face of the bone 1 comrderably smaller than the fit penk. The large fim
peak 1n the curve corresponds to the refl promure ongl
from the impact of the air shock wave on the front surface of the gelatine
A comparvon with Fig 3 F which 15 a recording of 8 shock wave patten @
2 block of gelatine without the bone and n which the reflection of the wase
oceurs in the boundary surface to the air instead of agaimt the bone shows that
the patterm in the two ca3e3 are very much the same

Some expeniments were performed 1n which a speeimen of horse femur and
tibia w2th mtact sufle foint was exposed to &n amr shock wave The proumal cod
of the femur was [acing the charge and the presyure wave pattern way recorded
at three different levels, rr, 10 the distal end of the femur (Fig 4 A) m the
proumal (Fig 4 B) and the dusta) (Tig 4 C) end of the titna It 13 evadent, when
comparing Firx. 4 Aand 4 B that the huigher frequencies of the tramsmutted wane
tramn are stongly damped by the pastige through the Jont. T1 ¢ completely
different wave pattern i Fig 4 C may partdy be due to the faet that the v
cording gauge was located quite near the open end of the detonation chambrt
and vas, therefore probably infuenced by reflection and interferences whreh
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oceur when an ar shock wave o reflected at the open end of the detonabon
chamber Conpequently the thock wave losd will be very complcated atthat level.

The character of the prosure wave after pamage through & part of the spinal
column of an ox i shown in Fig 5 A and 5 B, Fig § A shows oaly the static
premure wave. Due 10 the low recording sensitivity in tha case, the relatively
smafl daterbance eaused by the front mmpube 1 not seen 1n thy peture. This
1 iostead shown in Fig, 8 B. The curves contaln only fow high freqency deflec
thora probably due to the damping properties of the spinal column.

A prowute wave trammitted through the steroum 1 recorded in Fig 6 A
Tig 6 B was obtained from the same specimen, but in ths case the gauge had
been mtroduced into ooc of the ribs attached to the stermum, and the wave
hrad 10 paw through a number of Abs and costal interspaces before reaching the
gruge. The nverted form of the curve as compared wath that n Fig 6 A s
cugmatc apecially ; a 1hock wave pasung through & tmular speamen, m
which the sernum had been removed gave recordings Like that n Fg 6 C.

Felscuty of pressare tracer in bome

One of the main obyects of this investigation was to determine the veloaty
of the lront preesre wave in boae caused by a high explomve air shock wave
Dyt t the mhomogenerty of the bore tsue and the varying propostions of
ompart and spongroas bone m different parts of the sleleton, it could be antci-
pated that the cloaty of the transmitted wave should vary wathm rather wide
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Table I Datds dbtained in blast experiments eu frover S ox omd kvt e oad frover b5t of e

Epeasmen Nume Weight Fatblemph Vebooky  Maxioon presar
ber  of of shack  of thock  Io by cmt in
of charge wmich  wove ik
apri- g mpechmen  mpecimep  Frot Sk
menty in moa oy PO promec
n »
Ox fmmsr 9 1 310 356 (3% L}
Ox ferour 2 2 300 320 0.07 a1
Ox Lemue H 4 300 ik b2 ie
O femar 2 2 76 3640 on ]
Ox femur 2 + s 3ri0 o 13
Ox foomr whth  marow
retson od 2 0 R ) oo L.13
Ox femur with marrow
remosed 2 4 0 11% o ]
Ox fomar with aarow
remored z ? 76 3840 006 1
Ox Seomyr woh marroe
remosed 2 + 27 3.9 ot 2
Horse femrur & 2 154 1470 a0 .33
Horre fmur 4 ? 318 3% 0.07 o6
Horse fermur H z 300 3650 a0z [}
Hocve Corrar H 4 300 1340 om 1
Harw frmour with marrow
o4 2 s 2% 00} L0

«d H bl 30 1600 0oy o3

Hone bomur wrth marrow
remered 2 [ 300 I3 ow 07
Hoow fomr tikaa H H Iz Lt on
fHonr frewr uba 1 4 ™" 3300 013
Hoew frmur + tbes 4 1 10 100 o
18w femmar ~ iban ' 4 410 31 on

Hore by e sage
infrmur ] H 129 24% oo oL,

Horw bt has gaoge
in frrour 4 + s 3120 01 1"

lymuts. That this v th case n Jeasnt from Tables 1and 11 In femur and titea the
velocrty was found t excoed 3000 m src n all expenments and the mun
value obtaned © 3420 m sec The distance travelled by the wave within the
Lone speamen seemt ha o influczce on the speed £ propagatwn at Jad
of the length of path d s not cxceed 70 mm. A seen from Table I the veloan
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Toble I Deta ebisined fx Hast axperinents on sponal colsmes, cormes ond
1 + imberoosiel moces of ox
Num- Veelght Pathlength Vdodry
i b of  ofshock  of sheck
of age wxreln  wave

Fromt Saatle
aper- o g epecom speomoen
ot ™ e mmisec ¥ ¥

Mz
in ig/emt i

w
a
B

3 2

Soical cobtaa of o 1 3 26 180 21
Bplmal columa of ox 2 2 108 3240 a0 24
Sciaal columa of o1 2 2 L] 2.7% 19
Spemal cnbumn of v 2 2 a3 1870 als 27
Spinal cohenm of ov H 2 % 25 0y 19
Sphmal colvem of ox 2 4 n 2100 31
Splaa) cobwma of ox H + 206 2340 10
Bpinal cobmn of o 4 L 2,400 6
Ox mermam 4 1 240 1510 0043 12
Ox perwaa 2 2 w0 1,90 [t 13
Ox morman 1 2 e 2340 045 Lo
Ox sermom 1 2 47 3350 oa 17
Ox rib + interconal sl 3 2 200 (700) o
Qb4 wicrcomal otk 4 1 1% (1) 18
Ox b + ntercosal amcles 2 2 & (1,320} 19

These Jow  ahucs are emernially devived from the volaciky of the air shock sare.

of the presure ware produced by a 4 g charge doms not sigmificantly differ
from that of & wave produced by a 2 g charge, when the path covered 1 the
same. The tranmmmtion of the wave scem to be mediated esentully through
the compacta of the dusphyses, and removal of the bone marrow m the dis
phyus does not influence the velocity of the pressure wave. In the spanal eolupm,
the mean veloaity of the front presrre wave was 2,620 mfsee. In this case there
was a tendency towards higher speeds of propagation vath dumnushing path
kength. In the sternum this tendency was strongly proncunced In the specimen
contiumg of ribs with interceatal muscles very low velocties were found.
Evadently theﬁmdcﬁccﬂmrmdndinmaenn—vunnmlhcﬁomptuunc
wave bot instead the static pressure wave. At leass the two first veloary values
{n the b + Intereostal muscles speamen 1n Tabl 11 arc enentially derived
from the incident akr shock wave and the deflection wed for calculation of the
elocity eomequently b the static wave and not the frunt presure wave, which
has probably been 100 small to be recorded. Thr b doe to the fact chat the ex
poscd froat urrface ¢ the end ares of the spinat column i too small and that

::bmumnwmmuﬁh:mlumnagu-nthdmgdxmping
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The maamum pressures in the front presure save and i the stanc preawse
wave are found in Tables 1and1]l The maumum presure in the statle prosure
wave was found (o be 310 20 urpes larger than that in the front presure waes
12 the long bones, and up to 40 tames Jarger 1 the spmal column. The amphiude
of the fron? pregute wave st saowat levels in the speasl column was epeeielly
wdsed 1 one wries of expenments, As seen n Fig 7 ¢ dioninbhes with i
creanng ievgth of pati covered esenually due w the damprag prapertres of the
inhomogenaty of Uit spanaf column,

Soroe expenments were made 10 order to try to detect an merease in preure
due to reflecton agun the bone surface Sperimen of 20 per eent gelaune

Tedic {1 Laacsm af pressoce cenwdwcer mn soflectm cxperaents
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gdonlynndnfgdnﬂmgdnnoumepmdmlmdd'mfcmunmapmcd
10 shock wa 1. The locanons of the presure tramducer in the vanmn expen-
ments are shown in Table ITI and Fig 3 C—3 F The weaght of charge wsed was
2glunﬂ=;pcdmmn.1'hcmnmdthcpmmncnluuobnhxdmthex
experments are found in Table ITT It s scen that the prewsure in the gelatne
body I ncroased by 50 to 100 per cent due to reflecton againat the surface of
the bone. When the pressure gauge 1 located in the front surface of the gelatine
body (Fig 3 F) instead af at the front surface of the bone (Fig 3 D) no such
ncrease in pressare 1 obtained.

Discussiom

The present nvestigabion has shown that the elasne daturbance cawed by
the fncident air shock wave 1 hearily mfuenced and changed when paning
through varjous types af bone. When the Incident shock wave huty the bone
surface — the same abo apples for other knpds of thaue — a presnoe wave
corraponding to the front mmpube n propagated through the bone. When the
afr shock ware emt the bone thn furth p & static unpuhe,
which s propagated to an arbitrary pont within the bone as a very complex
trawn of wavey, which are integrated to a more Jong-lasting static presure wave.
The front prasure amplitude B rapudly damped and at some distance from the
front surface of the specimen the amplitude of the static pressure wave may be
5 to 20 times harger than that of the front prewure wave. The front pressare
wa'T i very much dependent on the phyaical properties of the medrum through
which ft b propagared. The amplitude of this wave 13 also dependent on the
size of the front wrisce of the exposed medlurn.

The degree of reflection and transmmsion of & sound wave or a fimte pubse
pamng through vanow body tsucs i dependent on the physical properties of
the tirmues, One factor of importance is the denduty of the medium, whach mult
plred by the velocity of the wave In the medium gives ity wave reshance or
acowstical impedance. At a boundary surface between two media of dufferent
deruty a part of the wave in the pnmary medium o reflected, the rat being
tranvinutted to the secoedary mediom. The greater the difference in acousucal
unpedance between two adjacent media (¢ ¢ umts of tawuc) the grester pant
Jthcnnumbcrtﬁcc&dbudmmlhewmrymtdxumnlhtbamduy
surface The tsene in the body which hat the greatet density and benee the
greatest acouttical impedance, s the bone tissue. A complex pattern of reflectron
mdu-nnm:hmmybcupmzdinch:body It has been shown in the
present that surong reflections occur at th boundary surfaces
bcmccnwlndtnmr(gdadn:g:l)mdlgalunbuoennﬁml‘hemm
écnnaeo!prunmemlbeptumnnvcwhhlxxunngdhunmmvdkdby
lbenbockwrcinlh:lplnalcdnmnh-konnwdd:nL




60 CARL JOHAN CLEMEDSON AND ARNE jOrwaN

When an elastic duturbance propagates through & beue, there B & certam low of
coergy to the particles of the med um. In Liquid, the lom of mtenedty over & travelled
distance (d) b

T e~ 4
where I, s the ncxdent ntersity and @ the absorption cocfficient of the traversed
medhon. The matgnificant decrease in premure with increasmg length of path in the
fomur a1 campared with that in the spunal column seerns to Indacate that the rechaction
due to reflection and dispersion plays a greater role than the encrgy lom dus to form and
volume ¢hanges in the mediom in reducing the amplitnde of the presare wave,

A sound wave propagating through a medhmm travels with a  clodty (¢,) whxh s
chlndtrhﬁcfordnlmcdmm.llhdcpa)dmtmdmdmdwdlhcmtdhmmrﬁng
to the following equationm

1
i s = |/
and

E
m solids: - =

« \/e-

mwhkﬂlc.—mndvdomyg.—dcrmtyntruz,x—mpn:dbﬂl and F = module
of elusicity As thown by these formlas the propertis of denety and clastiaty s of
greatest impartance for the prop of the dmturt d here.

For a shock wave, things are much mare complicated. Accordmg to the Renkme-
Huogorot shock wave equators (¢ f Prorr and Poxx 1930} the shock front velocity () i
IR IR
o w, and g, arc volume and presure on the low presure side and #, and $, the corre-

factoos on the high prosnoe dide.
g —poon wifind that — ¢, orm ther words, tinfinltermally Low overpressare
the wave velocaty approaches that of seund,

FruorT has determmed the veloaty of sound m variom soft body e
In fat twue the veloaty was found to be about 1430 mfsec, in beun and
kudney about 1,560 m/sec, and in spleen, liver and muscle about 1 580 m/sec.
The velocity of & high explosve presure wave in muscular timue has beem
fourd to be of the rame order of magmtude (Crrsxmon and Joweox) It has
been demaonstrated 1n the present mvestigation that the veloaty of presure
waves 1n long bones 11 about 3,500 mfsec within rather wide limit, In the spunal
column the veloaty n connderably lower It n evident that the lower velocity
1 due to the compositson of the spinal column with alternating bone tinme xod
safter intervertebral dicy. It should also be powted oat 1n this connection that
thcvdoctyofd.lmcdmu:b:nculnbomcmydlﬂ'crmnnumdku:ﬂomof
propagatioa doe to structural difference.
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Observations on the Effect of Ethanol on the
Urinary Excretion of Histamine, 5-Hydroxyindale
Acetic Add, Catecholamines
and 17 Hydroxycorticosteroids in Man
By

E 8 Pounax
Reedved 23 Augut 1960

Abstract

Promsax, E, S, Obarowisas on th fect of cthanel m thi wrmery sxcre
tion of kistemene, S-hydrosyindele axti acld, bwlomines and ]7-kyiresp-
cortacaciererds

doses is wmociated with tie release of one of these
adrenatine excrenon after ethanol (0.3—0.4 g/hg) mdscated » modest
and short-lmting cffect on the adrenal medullary sevrethon. The

change w the secretion from the adrenal cortex afier ethanal (05—
0.7 g/kg) was cbuuned

1t by generally recogruzed that many of the symptoms produced by ethandl
1n man are due pnotanly to dsturbances of the motor and sensory functiont
dthzcm@nmnmmmﬁmmhm:ymp&mwhdtmk’
readsly cxplamed by such h One of these # the cumpeows vas
dilatatron scen already after moderate amounts of ethanol, the so-cafled
fush Hmdﬁnad’thenkh:hknwmwmrundcrooadluomwhchhw
a refease of brstamine or serotorn i the body To find out whether ethasol &2
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moderate amounts affects the relemse of these substances, the urmary excre-
ton of ht and of $-hydraxyindole acctic acd, the princrpal breakdown
Fodmdmmnudmdmmnnﬁandmminnumd’nhmolm
the proscnt {nvestigatson. More pronsunced changes in the release of histamine
and serotonin should be detected in ths vay

Studies dealing wath zmilar problem have been made by others. Drac-
rrenT o of. (1940) reparted that perfunon of the guinea pig lung with & solu-
Lon contaming ethanol cansed liberation of & Instamune-like substance nto
the perfi and they d that ethapol ! gAtC secretion VA
hotamune. On the other band ScacaTex (1952) found no relense of histamine
from cat skin when perfusing with an cthanol solution. TrogueT (1938) found
no histamine release from various rat tosues st after ethanol. In man
Howen, Nevorparen and Scrwm (1950) noted a sight inerease m blood
hotamune afer mmall cthanol doses.

An foterestng findmg by Svow o ol (1955) b that fhohmg as & ngn of
scrotoaln release, coald be provoked by small amounts of cthanol 1n some
patients with caranosd tumours. Recently Romesrrmn (1960) has reported
that & narcotsc cthanol dose (4.5 g/kg) exerts an appreciable inhiltory effect
on the metabolism of infected serotonin m mce. In the same report he alwo
mentiom that the wnnary S-hydroxyindole acetic ackd exaretion was decreased
in human subjects durng a S-bour period following Ingation of 1—2 gig
cthanal, but does not give any further data about these expenments.

Recent studues on the urmary catecholamme excreton tn man (Prax
1958, Asrrix Hemmex and Brmur 1938) have indicated that mereased seere
tion from the adrenal medulla occurs after moderate amounts of ethanol
(< I g/kg) The magmtude and duration of thy effect was abo studwed in the
provent g Unnary 17-hydroxycor ds have also bern mess-
ured m nmilar experiments m order to study any concom:tant change m the
sccrction from the adrenal cortex. It has been shown by scveral workers
(S:armr 1930 1951 Fomwrs and Duxcax 1951 SANToTERAX and SwovARp
1936, and others) that in vanous ammals severe, acute ethanol intoxicatron
{39 g/kg) 11 amociated with an incresse in the actvity of the adrenal cortex.
Kaxuxrey, \ armia and Fosaaxoes (1938) dd, however not find any ngrafieant
change m plasma |7-hyd 3 ds or in the inophile comt m
man afier a moderate doe of ethanol (< 1 g/kg)

Material and Methods
Scven healthy young men, all w th history of very modest ethanol consmmption, s ed

Smoling
»1 oot permitted during the crpermncnt. The ethanal was gnen m whinky (43 per
ot by alume) with the miake spaced orer persod of 10 oun. Unme was collected
m peoods of 2 or 3 bours.
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From the Department of Physiology snd the Department of Akuhol Research,
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Observations on the Effect of Ethanol on the
Urmary Excretion of Histamune, 5-Hydroxyindale
Acetic Acid, Catecholamines
and 17 Hydroxycorticosterolds in Man
By

E. 8. Pezuax
Recerved 22 Aogos: 1960

Abstract
Prasan E. 3. Obsrrsiwns on the cfoct of cimmel s thr 2wy xre-
town of hisiommne S-dydrexiindels st oM, s ol [T hpdery
ontuasicreads in max. Acts phymol ecand. 1961 S} 8267 —
In bealthy yoong men the winary excretion of hitamie and 3+

Thn makes 1t unlikely tmt fiabing produced by moderste cthanol
doscs B ewoctated with the redesse of one of theve rubstancer. The
adreralme exerction sfier ethanal (0.3—0 4 y/ky) indicated & modest
and hortdmuny effect on the adrenad medudlacy sceretlon. The

It & generally ecognized that many of the symptoms produced by cthnol
}nmmsmdwprmrdymdmhncuufmmmdmoqﬁm
of the conteal nervows syitem. There are, howover symptony which are fes
readdy explamed by such h One of these iy the cutancou vAX-
datetion seen already afler moderate amounts of cthanol, the so-calied
Hush"™ Flmhmgo!thcshnuhownwmuundcrm\diumwhdxﬁrvﬁ
a relexse of huthmine of serotonin i the body To find out whether ethanot i
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able 1T Urenary crovetoon of sdrosalins ead waradrosaiias befert ond oficr of dhamel
?;_v—-anm-wazdmauu;huuw—u.m Flgwes are wwam
rolucs ix  gromp of 3 swhpects

Mresaline »g/mia Nersdrenaline »g/min
00— 1.00—  1800— 00— (00— 13.00—
1L00 13,00 1506 11.00 13.00 15.00
Coatrel expermaent 89 84 58 n - 25
Ethanol experiment 83 14 58 i % H
Results

“Tabla T shows the druress and the unnary excreton of histamune, 3-hydroxy-
mdole acetic acxd and 17-hydroxycorticosteroids i the ethanol and control
experiments, The urinary of the sub 5 not conststentt
changed by ethanol adminbtraton and scems to be independent of the diurens
Jevel. The welldmown effcet of cthanol om the drurera 3 marked 1n some of
the subjects, (The diuresis during the first period, 09 00—1100 was simular
in the two expenmenty)

In table 1T mean values from the oatecholamine axperiments are grven
In these experiments the peak blood ethanol level were 0.036—0.046 per cent
The adrenalme ontpurt increased only 1n the fint 2 hoar perind after ethanol
adminttraton. Mo concomutant effect on the noradrenaline output was observed

Discussion

The results scom to permit the contlunon that moderate cthanol ntale
At 0o major changes i the endogenom release of hinamine or serotoqin.
This makes 1t unlikety that flishmg or other cthanal effects are produced by
such mechanams.

Increased adrenaline excretion was found after moderate ethanol doses.
This b in general agreement with previous remlts chtawed m man (Prxoax
1958, Asrie of ol 1958) which have d that cthanol t the
wereton from the adremal medulle. The present results indicate that the m
cremsed adrenallne redcase camed by cthanol b of moderate magmtude
and short deration. The lack of effect on the other bogeme amunes
wudied here make t unlikely that thit effect 3 umpeaific. The excrevon pat
temn of catecholammes by of the same type a3 that seen in hypoglycemus, {Evrea
and Lurr 1932) However Fowaaxorn, Vartia and Krusros (1938) and others
have found 6o blood sogar fall 1n man duning the first 2 bours after & wmlar
ethanol dose (< | g/kyg) In the anacsbetoed cat, whare ethanol abo provokes
ani d adrenal medullary fon (Prman 1960) no conustent changes
3 LIS Acte phydiel wend. V ob 31




66 E. 8, PERMAN

}ndvcbloodmxnrm:nottdwidunlbournﬂa-cdunollndcuaof<2gﬁq
(Prruax unpublished observations) Therefore v seems unlikely that the ad-
renaline release after ethanol serves the glyeemic homeostass. It docs, haw
ever seem likely that cthanol increases the adrenaline secretion via nervow
pathways and that the effect 13 short lasting and of moderate magmitude, but
its pharmacodynamic ugnificance Is not clear at present. Posslbly the in
creased adrenal medullary 1 ixted with the general sumulatmg
action noted 1 man after amall amounts of ethanol. Ethano! is cansdered to
depress the tnhilatory functions of the cerebral cortex early Results of elee
trcal stimulation in the orbital cortex suggest that this area normally inhibit
the sccretion from the adrenal medulle vin the hypoihalamun (Eurer and
Forxow 1958) ELthanol, acting on the cortex, might relieve hypothalamic
centers from this inhiblung nflucnce, thus eauung increased adrenal medul-
Jary sceretion. The unnary excretion of 17-hydroxycortrcosteroeds was mainly
unchanged after ethanol which suggests that the adrenal cortex Is not con-
comitantly affected Thus is in agreement with the results of RArustus o of.
(1938)

The m.harc:;rv—uhhlhnhmbr 11 Dowir and Dr B. Pramow who performcd the
hirtambne and & indale mcetic ackd at the hing Gumar V Reearch
Insitut  Stockholm, snd to Dr B Howrxt Departowent of Endocrinology Karolbmky
Sfukinmet Btockbolm, for tie 17-4iydivey w sk wid determinations.

The trvestigution was supported by grants from the Swedish Aedical Rescardh Councd
sod from N Jowwoss | Browarp Fond.
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Effect of Ethanol and Hydration on the Urmary
Excretion of Adrenaline and Noradrenaline
and on the Blood Sugar of Rats
By
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Abstract
Pooaoa E S cthmmel end kvératrm ou the vt of adrrs-
Pt Efectof ou b xrrnery o

ffect of brgh ethanal doses o the sdrena] medalbary seereton o second-
ary to apoa, duc o hypoventilanon.

In dogs with acute sublcthal cthanol mtoxcatron Kurvaeax and Goopatn
(1957) found weremsed urmary excretion of catecholammes. In other seporn
(Kireonaax and Haag 1958, Kurvouan, Baxe and Hasc 1958, Kiouay,
Haao and Baxe 1939, strong indirect evidence was presented that cthanol
lattal or sublcthal doses markedly meorcases the activaty of the sympathenc
mervoas system, mduding the adrenal medulle. Prrsax (1960 2) found -
creased amount of Gatecholarmne m the adrenal ven blood of anesthetzed
cats grven ethanol.
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Inwmndiucmdxmmryamdmlm&ncwqxnhntindm-mddn!

sooderate ethanol doves increase the adrenal medullary seoretion (P
1mmﬂmmm1m)m:ﬁmuwymm
and of small magnitade {Prauax 1960 b) The unnary catecholamine output
after ethandl, mainty m 2 low dose-range, was studied in ran in the pramt
Investigatson.  Previously Cxawronp and Law (1958) and others have
wed the adrenslme and d il of the rat as ind of sltera-
Born 1n the actinty withm the sympathetc npervows system induced by vanows
drugy, Recently Wantatng, Brxot and Axmy (1960) have reported that an
sctte ethanol dose (1.2 g/kg) b the of adremaline and
noradremaline n rats during & 24-bour penod, and that chronle etbanol ad-
: d the holami a

Ethanol ad urvoives ndmi tom of derable flwd volume,
and cthano! has in 1te!f & marked drorene action, It wan therefoce necewary
0 me hydrated rans a3 controls m the present mvestiganon, and abwo to study
the catecholsmine excretion m raws hydrated to different degrees to see if the
ecreton i influenced bereby

The effects of ethanol on the blood sugar 1 vanous speacs have been res
wicwed by Tereqoer (1941} 1t bas been found that ethanol doses above 3 gy
geoerally caue hyperglytemm, whereas lower doser are without effeet on the
blood sugar Kioiouan and coworken (Kioeasax and Baxe 1953, hooowax
Haao and Baxx 1958) presented endence that this hyperglycerma b serondary
10 an mcrensed secrethon from the adrenal medulla, The effect of Jow and high
ehanct dows on the blood sugar and en tbhe general condition of the rats way
also studied 8 the prewent vatigaton. In man the blood ugar 1 mamty
unalfected or decressed by moderate (< 1 gfkg) cthano! doses (Fomaaroes,
Vaxtia and haustes 1958, and others)

Materfal and maethods

Raws of the Sprogoc Dawlcy aram, body weight 230350 g, were wed In all expen-
e They were malntained on - sandard eock diet between cxperbments,

The experimenty were performed betwren 09.00 and 15.00. Groups of 3 rass were
mdmmeuhuymwu&:hmmlmthcmncdmdlhnm
umun(dﬂmdmdnhxnoLTbch\-ukﬁﬂtdﬁmﬂ*bnlmmwhkh
Eveonly  mnor error &3 the Indrvidiml wrghts varied itthe w thin ench group. After
Mmtmhmdahﬂxd:mmhmrkcpthmhuﬁ:nph penod

been emtabhehed that
the dieren produced by clhianod of by hydraton ocro withen 3~ + kours after ad-
erutraton sad that the droroih bovel n atmont Back  the restiog eved after $ boara,
mmnnmﬂ«\.quhnkncmnnﬂn‘l-kl{,w for  foal pH of 2-3, and
dsd mex come m contact tth meos! m the coflecton rystem a1 thn would influence the
cmircholumine recovery  After filtranon on  surtion funndl, catecholemines were
determmed according to the method of Extx and Leniayeo (1959) Prebmioary experi-
et kad shown tiat {n this way tatnfactory excrenon vatues could be cbtained.
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Table [ Efest of hydration ou dinresis and minery excretum of adrewaling end seradrenaline o rats.

The statictcal ngmficance of the Euroase (s mowm safms wuth

ourraiig kpdratum, whes cumpared

o the focrest kpdratrn imel (6 4—7.6 mijky) bw:uw,}ﬁnqnlhb'

p > 008

005 > p > 00!

“ 31001 > p > 0001

— 0001 > p

M E5E ~ mean + wenderd aror

Number Hydrstion Diurcds Adrenalne

o mlfig ml /g fhour g /g /bour

periments MA8E \LLSE
19 64— 76 13 3 007 1723
25 128-15.0 22 L 0.08++ 30L22
12 183216 1o+ 22
10 5--253 42016 2028
+ 310316 A3 £ 040+ 1420

Noradropatime

=g /g [boux:
MESE

Sl 32

73+ 18
L 43
764+ ST+
81110 *

Table IT l"lrd{fﬂrdhlh(?l—l.ﬂ’/h) ot 2 &frromt by dratrom bevels om éaresis md
ol muradrenaling 1u rats. The statistesl o g ficence
nmuwwawzmbw«mmﬁhwm

whnry excrvtion of adventiine

p > 003
001 > p > Q.00

ALZA8E = man = sandard emor

“umber Hydrstin  Edband Dearees

o = ol fig ! kg bour

peTients M+SE
1 €4~ 76 [ 13 + 007
8 &1- 68 24~2.7 19008
25 128150 o 22+ 008
5 129150 26~20 271027

ng/kg/bour
M+AE

7=
nx 49
0+ 22
n+ 67

of the bucroew

g /kg [hocwr
M+SE

s1+ 22
82 1+

L2l

Table LT Efut of cihavel (0.7—3 0 g kg) om the arraery cuvetvon of adromalins

end meradrosamg ox rots compored o o
AL L& F = man i sanded error
“\wmber Ethanol Dtorois Adsenalme Norstrenalioe
o e £y kg Thoar og/kg/bour g/ kg /bour
pesiments MESE MLSE MESE
”
mviw‘;d 0 234008 0422 328
s (%] 19019 3L 49 867
1 13-14 1017 L4 71£55
24-30 12019 %247 E-E0 2]
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1 the blood sogar expermments all animah recefred the same amount of fnd, 23 mi/ky.

Tap watcr at Toom temperatme was tsed in the Indmi tr Ethanct
20h1loos wore made up with tap water Dilutions of 5, 10 20, 30 and 40 (v/v) werc
wmed, the 40 % solurtion when doses ahove 3 gk were When bower

were given, dufferent dilutions were uscd  tench dose level

Regults

The results of the unnary excretion axpeniments are found wn Table I—111
Table T shows that when the diurens was increased by hydration, the urinary
noradrensfine excretion rose to a hrgher fevel and remaned elovated with &
tendeney to intrease further wth | % duurean. The ad: line outpart
was somewhat wcreased at moderate hydration fevels (12.6—130 m!/kg)

Table 1Tshovs that ethanol,2.4—2.7g/kg produced increased diareas and nor
adrenalme excreton when given with a moderate flud yolume (6 1—6.8 mifkg)
and compared with controh recerving a eorrerponding water  vohme.
However the same ethano! dose had no effect an the noradremalme excrenon
f dilated to & arger votume (12.9—15 ml k) and compared with smmilarly
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3m. Blood sugor
X
200
Cyg 1) 12 ¢/kg (41 4 afny (3]
0
0 n 0 0 ° o
{CONTROLS) Time in min

Fig 2 Effect of ethanol on the blood mugar of ran. Fignres withis brackets denote sumber of
experiments at esch dosc-devel

hydrated control. In the latter expeniment diuresss levels in the 2 groums did
not differ ngnificantly These findings suggest that here the ethanol effect on
the unpary catecholamune output 5 due to the diurtals peoduced by ethanol.
Table I shows that % cthanal doses m the range 0 7—3 g/kg have no aignif-
cant effect on the armary catecholamine excreton when compared to controly
in a amilar druress range. Fig | shows the catecholamuine excretion related o
the diuress in the 1ndividual ethanal (0 7-—3.0 g/kg) cxpermments in comparmon
to the range of values obtained in control expenments with amular diureshs
induced by hydration. The roe in poradrensline output with mereasing ditrex
can be scen and abo that the ethanol expenments do not differ conustently
from the control expermmenty.

In 2 experuments with etlmnal in doses of 4 and 3 7 g/kg the adrenalme excre
tam was strongly increased (80 and 130 ng/kg (hour) whereas the noradrenaline
excretion was in the normal range ( < 100 ng/kg/bour}

The blood sugar (Fig 2) was munly unaflected by ethanol in a kow dose
range (1—2 g/kg) while » dose of 4 g/kg produced hyperglycemea. The generil
condition of the rats in these cxpenments was not affected by hydravon or by
cthanol dases below 3 g/kg Wth doses above 4 g/kg gros ugm of cthandl
intoxcation with varying degree of apsstheua regulary appearcd. As judged
byu;ccolourd'tbcbloodnmplaukcufmmprdctu-mhndm,th:.mmlh
voere 10 a state of hypoxs a these dose kevels, A dose of 6 g/kg was lethal for

some of the raty
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Discussion

On the basis of expermmental data on the unmary catecholamune excretson 10
man under vanoa conditions 1t has gencrally been mwumed that the drurem
m\mm.cpnmimb!cmgcm!hm!mﬁmngtbcutccbohmlne
excretion, PrreXxex (1936) m a sytematc study of the urmary adrenaline
ocutput of rats under vanous conditions, reported that t was largely independent
of the direshh mduced by hydranem. The holamine output at diffe
diuress evels has apparently pot been stndied further

The prosent resulty, obtained in mats, thor that the noradrenaline oatput
ncresses wth 2 ¢ in the diurem kevel, althongh the changes noted were
xmall The fact that increased druress indoced by cthanol oc by bydraton gave
sumilar changes seems to rule out an effect of hydranon m 1tself, because ethanol
did not affect the eatecholamme output. Under the same condition the adren-
aline cutput was increased at moderate hydration levels only The reason for
the different behavd of the two catechol u not clear at present.
‘That the druretic effect of ethanol did not alwayd appear 1 not surprmng
becawse  cthanol diuress” apd  water dinresh™ sre produced by the mme
mecharym, namely inhibitdon of the release of antdurenc bormons (vax
Dywx and Auzs 1931 and others) If therefoce the amount of fluid admipkstered
canncy a srong  water diuress™ ethanol does not produre an additional effect
(Table IT)

Ethandl in the dove-range 0.7—3 0 g/kg did neitber overtly affect the general
condrtion, nor the biood sugar level or catecholamine output of the rrts. Thos, no
evidence for an effect of moderate ethanol doscs on the adrenal medullary
secreton, 3 noted 10 man under dmilar condition, was obtained m the rat.
As the effect in man b probably moderate and short lasting it i possible that
dl:chnﬂccuunpcnadmcdbﬂ:dxdnmpamhudﬂmﬂnn,bmmuhd
changes 1 the output can be excluded. Ethanol doses above 4 gikg produced

{ eedrenatine cutput and hypergly whith n in ag with the
findings made by previous workens, The fact that these effecs appear at dose
levels where cthanal greatly affects the general craditon of the rat gt
the panibllity that they are secondary to anoda which is known to produce
wmilar changes via  sirong samulaten of the sympethictic nervous systerm- That
ethanol, a1 well as other substances with narcotsc properties, produces & reiprrs-
tory depresson in a lugh dost-range 1 well known from chnical expestence.

RAurcosax and Haro (1938) mung the ropratory mte s mdicator of the
resplratory function, noted that the primary aause of deathin ethanol ntoves-
ton was respratary failare in app ly 65 % of thelr dog expennments.

The » 2 Fapporied by graan from the Swedwh Medeal Research Cacocd and
froo Suficlecn Lars Hacrtas Minoe
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Effect of Reserpine an the Storage of Catechol Amines
in Brain and Other Tissues
By
Axx Bewries
Roceired 16 Angost 1960

Abstract
Bowrian, A Efect of rowpas o L storage of catachel omdass im brmin

In 1935 Snosx, Srven and Baoot showed that reserpine relessed S-hydr
oxyteyptamine (5HT) from m body stoces (sce Sxome ctal 1957) A smular
effect of the drug on the tome catechol amines was hown shortly afterwards by
Canimosy and Hiceans {1936) who demonstrated that the drug cawsed adremline
wdnppnrﬁwmenbhllwmlmdummwmw
onrx (1936) found a P : Jine from the mbbass

73
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Fig. | Norwdrenaline and dopamine in rabbit brain t various times after reserpene (1 mg per
kg body weght)

hl-‘lx LEﬁ'gﬁh:fmbmdmd‘rm-pinemmndrmhnemddoplmhrhnﬂi(bntht
taval |

heart and Horznavex and Voot (1956) observed a marked decrease of the
noradrenaline content in the hypothalamus of the cat after adminfstration of
reserpine. The data concerning 5-HT indicate that reserpene zets by m painng
the storage of this amune (SHorx et al. 1955, Canrmon Sgoxx and Bxoor
1957) The effect of reserpune on catechol amunes seems to be an impairment of
storage mechanim, too (CarLsox ct al. 1937) but t i possible that tha bs pot
the only effect of the alkalad.

Thn paper grves an account of some different hnes, which have been tned
lnadamfunbcducuiamtbcmccbxnmofruaplncmﬂwmﬂup
tion B pot finuhed, but had advanced ¢o far that the reults may be discroed.
Of the catechol ammnes studied, specal bty hed to dop *
hydroxytyramme) for the followmg reasons 1) It is Jews studsed than nocadren-
alme and adrenaline. 2) It offers specaal interest because of 1t strict localuaton
to the corpus strmtum of the bram. 3) It probably constitutes the precunor of
noradrenatine,

Table I Efuct of rovrpie on siu colechel omines omd 5hpdroayiss dawne o varwec
tisrwes of the rhech
44

Corpus rirfaran o1 56 as 0o a0
Limg a1 .0 16 00 16
Heart 22 o2 ~ 00 az
Sphoen 51 (Y] - 00 ol
Duodern o 13 1" ao 04

gi1g8e
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Anoisls of S-HT not perfermed

mvestigate the effect of racrpne on the stored m the chromaffin cells of rum-
nants (Farcx, Hutanr and Toar 1959 Brxtirx o of 1939) rescrpine n - dose of 2 mg
and 4 mg per kg wia gren subcutancoudy o tw  iheep, weighing aboat 23 ky. The
anmmale were killed

about 13 boury after the Infecton of resrploe Two theep of the
sarme weight scrved aa controbs (Table I)
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D,L-3 $-dilrydroxyphenylalanine {D,L-DOPA) (NXIm(Pcrkg)\\n sdmibstered
Ly o subbits winch had peeviousty beens treated with reserpine, niafamide or

o
waa perinemed 1 d "wﬂmwmkm(lw
nnd().ux”:nd\\m(lm)
mcdmdd:znbodby&mul,w-nd" (1959) The appbcash d

mwlﬁmwydumﬁaxbumlwhmnduﬂonmhm@m
{Berriea and Rosowcarn 1959) The details of this procedure which have not been
publsbed eariber will be given bere,

Before the preparation of the columm, the reun (Auasxurs XE-64) bax fiest 1o be
Mﬁmlbemﬂmpurﬁda.?«&nmthcmhﬁnduphdﬂmndm

prepamtion of the cofomn (dl:maiouin}i-‘wm 6 x 23 mm) The colum b
weid,

and,
20 ml of N sodium seetate-acetic aod buffer pH 6.3, and & fow m} of redistilfed water
mm&mnmmammmmummmw
for extraction of catechol amines (ser above) The time between
centrifing ton shoukd be 25 shart ss posdble. I thi time fterval B extended to mor 1hu
30 munutex the retovery of 3BT rxpadly decreased, probably doe o adsorption of the
amane to fooluble theae readoes. After contrifogation of the extract 1t 0 C, the pH o
the apematnt i adimred to about 6.5 by meams of 2 N potassium carbonste solatwon,
and the perchlovate Remed spun down et 0° C. The exiract i then paned throogh the
cdmaﬂmﬁmc&m!m!paﬁhxludwmmhwdhdxm
peocedure, 1012 ml of the extract can be pased through the column withoat sy
wa&mmmmmmmuwmmﬂm
{B.02 M phosphate buffer pH 6.5, containing 0.2 pes comt of the
Mm@dmm&mmw)wm.hmmm
Elution i performed by mexos of 3 ml 1.2 N bydrochlorns acdd. The fmel detesmaaton
of SHT m ihr claate o earrsedt out ncwrdmgmhommctd_([ssﬁ) For the

parpose 08 ml of concmtrated bydrochlons sad o sdded. The Suorescence m
are verd i an Aminco-Bovman W&Wanl!lﬁ%mnﬁmﬂﬂ
h wavedength valuea) A UV-fllter is pphed in tie

ﬂtahnldainﬁunoftbeﬂmntdl(&nmmd)uwlm This clanemates
the Gght scatter which otheywse, i high, would interfere with the cadingr.

Resunlts
Asseen 1a Fig | reserpune (1 mg per ky) caused a depletion of nossdrenalne
s well s dopamune from Lbcnbbnubrmﬁcdm:mo{dzﬁdcﬂuﬁd
the two RIEHES was hat diffe d ed 1o 50 per centof
sty nocoud value in about lsmm,wbexwthemupondmgﬁmmm’ﬂﬁ
mdrm%w-boutﬂm%rmmdzbem.mminw
seermed to occur at the same sate which howeover 1 not seen s the fgure. After
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two days about 10 per cent of the pormal amount was found On the 9th and
12th about 45 and 65 per cent, respectrvely had recovered

From Fig 21t appean that drenafine 1 more ive to low
concentratioms of reserpine than dopamne.
Reserpine In & dose sufficlent to cawe a Icte dE of nor

adrenaline from the body stores, cawsed a comparatively slight lowering of the
dupamlmmtmlmdnpuiphuﬂupmdtbtthccp.ﬁal!hnfrlhkl)
ﬂwdopnmmc{ntbccwpmmmm,hwwcrdhnppamdmpktﬂyiuthxl
Interval of ime. Also the amount of 5-HT in peripheral thsucs was still remark
ably high, whereas the 5-HT in the corpus struatum was reduced to insigmficant
evehs,

Fig 3 gives the reslts from the expermments with different drug combmations,
Tt 11 evident that the dopamine level & d after admi lon of DOPA
to rabbits pretreated with reserpme. Tha increase was facilitated if the animaks
had been given moncamine axidase inhilntors before the DOPA inpection.

Under the hatter conditions a signlficant increase aho of the noradrenaline lkevel
was otwerved.

Alter with omdase inhik the 3-0-methylated
metabolite of noradrenaline was obeerved to occur in brmin. It b probable that
the di bolite of d ine. 3-Ormethyid also way

increased to some degree. This metabolite b, however pot included 1 the
present imvestigation.
Of particular mterest b the demomtraton of noradrenaline m bram after
d jon of & ine cndase mhit and DOPA. In most of the
previows studies muming to demonstrate that noradresaline s formed from
labelled DOPA or doparmm have been wsed But, as polated out by
Sexon and Witzoe (1959) the f of 245-hy YP fetyl e,
with practically the mmc Rf-value a3 pocadremaline may invabdat  the resals
obtaned with these methods. In thrs i bovwever d line was
d ined by a speafic fluod teal method. The results strongly support the
icw that & b the p drenal

nor

Discussion
Intrference wath sterupe mecheniee

lnotdcrmmhlhemmlngbdowdarlh:mcubolhnlndumn
mcdnmrmd':bcaltchﬂnndnulmbcmbncﬂymdm:dm Fig 4 This is of
counse only a bypothetical picture, basced oa data now avuilable, The vanous

1 three experiments the of L-DOPA it the rabbit brakn waa compared so
that of D-DOPA. When 100 mg L-DOPA per kg body wexght was grven bout 10 ag of
the 1m0 scad wis $und per g o bram themee 15 ol after the adamiseration. 1f the came amous
of the D-omet was ghren ks than 03 jug per g of bram could be deserted This obwervatan ks

0 the crwrdance with the few that the L-amano scds wre ranfcrred laio the cells aan
mechaniom (sce Lerevas 1933) b
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olservations concerrung the reserpine effect on the catechol amines (and 5-HT)
in taares may be linked together 1o comprehend only one mode of actioo
Reserpane may act primanly by blocking the actrve transpart of catechol armipes
into the granufes. The newly formed dopamine 1s not taken up by the granules.
That thh b a posbic cxpl bas appeared from preluninary exp

on rabbit adrenal medulla, Dufferenual ceatnfugation of extracts of this test
showed that after mjection of DOPA, most of the naw formed doparune ws
found n the amune containing granula, If the animal were pretreated wath
rescrpine, however most dopamine was found in the supernatant and oaly
emall amounts in the granular fiacton, thuy indreating an 1mpaired uptake of
the amine formed (Bxhrrxr, Rostvors and Rosexorsn 1960 Brxrise,
Horarr and Rowcarsy 1960) These expenments are contunued. W th the
a:d of the asumption that reserpine acts by blocking the active uptake of cate-
chol amunes by the granules the phenomenon discumed tn the following section
may be eanly expluned.

Rats of Esappearance of momcamncs

The rate of dimppearance of catechol amuiney and 5HT after reserpine
adminktraton seems to be correlated o the turn-over of these amuner, Dopamine
in the brain appears to have a rapd turn-over as demomtrated by CarrmoN
et al. (1959) while adreraline and noradrenabine in the adrenak ha ¢ asdow
oae. In accordance with this view the catechol amines in brain dwappearcd ata
much higher ratz than those 1o the adrena) medulla (f Canssox etal 1957 b)
Thus aho seerms to hald for 5-HT In the intatine, %-HT has a halldife of several
howrs acd dos not disappear from that orgas until 16 hours after the sdminsir
mdmﬁmmmcmmhmmuw\dmgﬁgmuaxhnm&mmlﬁf
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rabbit are both about half an hour (Upexrensm 1957 Brooe 1937) The resalts
in Fig 1 may thay be interpreted to indieate, that doparmune has an even more
npdnmuthlnmd:mhe.meTnthnevidmt, that the eifect
of rererpane on dopamme and 5-HT i very umilar

Synthesis of wumeawins

The results mdicate that ressrpine does not affect the formatoe of catechol
amires from DOPA, 1. ¢ 1 does not lowen the DOPA decarboxylase actoty
i e, After pretreatment of the anfmals wath reserpme, & DOPA-njectnion
caused an increase of the dopamme kevel to aboat the same degree & H DOFA
ad been given alone, wheress the noradrenatine tevel otill was very Jaw If the
mopoamne e had bem blocked by nmlamid, very high doparmome levels
were obtamed, and a significantincresse of both nocadremaline and normetha-
nephrine ay welt a3 S-HT could be detected, The finding of Swoxe et al. (195%)
that the exereton in wme of S-hydroxyindoleacetic acid after & tranuent
increase in reserpinbied animab i esenually unchanged seem to rule out the
pouthility that rescrpune mtaracts with the syathesis of S-HT The show 2c
cumulation of catechol denvatives after the adminutration of nulamide to
bl pretreated with reserpine, on the other band, mught suggest that the
formation of DOPA from tyromne were impared by rescrpane. However the

7 of 3 4-dihydraxyphenyh scid ooc of the main products of dop-
amme degradanor, yeoms to proceed at & nomal rate m the caudate nucleos
of d nba (R 1960) Omne pomibility to explun thn

apparent discrepancy would be \bat the synthems of catechol amunas B not
impasred by rescrpune only but by the combinaton of reserpine and malamide.
1t s grobabie, that the ability of the ccfls to axadies tyronne to DOPA and
tryptophan to S-hydrexytryptophan decades winch amine will be stored in the
different tamees, Some types of medullary nimors are able to synthe-
mc DOPA (STurnare and Visaxarn 1960) Patients suflering from carcunoid-
wwmon, however do nat show an appreaable increase of the pancrpal final

bolste of noradreraline and adreraline, & ¢ $-methaxy4-rydroxy 1oL,
saxd. Cony ensely $-hydrarylindolescetic acid seem not to be increased wn patients
affermg from phrochromocytoma {SToosare 1959 and 1960) Aromatic

hydroxylation b thercfore probably an important step, which deserves further
investigavon.

Brina vowoemraes ead bekarior

Nmlinude seemed o counteract the effert of reserpme on the behaviour of
ununmhmmcdqrm_ﬁm-mmhwim_hbtdpfwm}ybccnm
reserpine in & dose of | my per kg scemed 10 become quite normal within a fen
hours afier sdmmnration of alalamede. From Fig. 3 it s endent that there was
2 unall increase of catechol amines and & targer fncrease of 3-HT in the braua
dlhoxlmmmdcﬂm(elyqnungumtbehmh&dBmmdm-
613013 Arta phynel scond Fol 5}

-
-



82 Axe BERTLER

worken that the action of reserpine Is duc to an increasc in free 5-HT Itk
nteresting to note that the rabblts treated with 3 mg reserpine per kg showed
much lers normalizaton and alw less accumulation of aminey, A smilar treat
ment of mice, which had recerved an even higher dose of reserpine resulted in
& slow increase of 5-HT and no alterations in the catechol amine level Thee
animaly did not show any restoration of behaviour (Carison Liovpgvor and
Maaxuson 1960)

This work has been nupported by grants from the Medical Facalty U iverity of Land,
Swedmn, the Swedith AMedicsl Resaurch Councll and by the Alr Farce Office of Bdentihc
Rezearch of the Alr Research and Development Command, Unlted States Air Force
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Transfer of Radioactive Iodide Between Mother
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Moma Croxe and Guorux Wasco
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Abstract

Caox, M and G Wasoo Treaffir of radisacir iodide betwes
mothey and foutyi ta the rmbbit. Acta physiol. scand. 1961 57 8493
dude in Jha. red
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Radiosodide infected into rabixts, gmnea-pys and rats Iate m pregoancy
b transferred to the cmbeyos and  found in a higher concentration in the
foetal than 1n the maternal serum (Jost MomrxL and Aaxon (1952) Hm
voxax and Lysecx (1956) HaLl and Mryant (1956)) Locormrrorouics
and Scorr (1936) found that there was no orgarntaally bound ™I preseat in
the foetal serum, and concluded that actne jodide tramport by the placental

b was repomible for the gradient. Natar Srrz,
Micree and Rocir, (1956, 1957) have mmvestigated the role of the placenm
m the transfer of ™] from the mother to the focts m rat at the end of preg-
nancy They found the ™I concentration temporerily higher m the placeam
than m the foctal apd the maternal serum. Ths was taken as enidence that the
placenta dronodid latng 1n the mothers blood and thm
ensures transport of jodides to the foetm.

These conclusions could only be drawn peowided that & steady state of
=] acrom the placenta was established. In order to obtain this a rather steady
level of radl mant be d in the 1 1 The
previows workers admunntered ™I m different ways (v, L and sc) but
the dmappearance curve for ™1 from the maternal serum was not shown m
any case.

0 reported in this stody showed that ™1 injected subcutancownly
mto peeguant rabbits divappeared rapidly from the matemnal serum and no
steady state of ™1 could be erablohed acrom the placenta.

This belng the cate, the findmg of ugher radiosctinty m the placenta and
the foctal serum than in the materml serum did not prove an active transport
of todsde from the mother 1o the foctus or an 10d:de concentrating mechanm
m the placenta, The ™1 might have been transferred to the foetms along a
concentration gradeent early in the expermment when the ™1 concentration
was hugh tn the maternal serum, and the findimgs might be due only to & delav
n the pastage of ™1 from the foetin to the mother

In the expenments reported in thu stody the dmappearance of ™I from
lhennscnujltmmm[aﬂuwtd.-ndnwuuhownt}m-dlﬁ'\monddayof
™1 in the fortus was not the only explanation of the higher radioactvity n
the foctal samples than in the maternal seram.
mmmmmwdmxmm-mmdpq
vant and nonepregmant animals was danfied by enmanon of the ™1 upake
n the embryos. The uptake of radiciodsde m the foctin was found to be verv
hugh, and radisodrde was shown 10 n the foetal stomach.
Fxperiments were performed with rabbins at the end of pregnancy A fow
amimab nere used on the 20th day of pregmancy at a time when the foetal
lh)’roadnnrppcxcdmbtgm(ofmmon(_]crr Morn and Maron 1949)
Frally the effect of perchlorate on the tramsport of ™1 from the other
to the fortus was urvostigated, Contites !
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Methods

{xmals, Y oung, white fomale rabbits weighing 333 kg were wed. The nuenber
of embryos is lange enough and ¢ the cnd of pregnancy each foctos 5 so g that &
suffickent amount of hicod for the vanous messurements can be obtained.

Experi ! procedary To L igate the tramfer of ™1 from the mother to the foctos
30 4C=1 (wth lem than 2 4y Nal) in phyoolopcal salme was Infected subcutancouty
m the axilla. Blood samples were taken reqularly from a marginal car vein to deter

w3y wesghed and homogenised in & Waring Blendor with 15 ml dustilled water befoce
1he radsoacivity way measured.

h of radi The rad dty of the  tect foetin, and 1o some s
of thé stormach and ity contents, were measured and related to the iojected tracer
dose. The of the maternal serum, the foetal serum, the foctal gustc
Juce and boeogenates of the foctal and the maternal party of the placenta were deter
mined after dilotion of the mmpla to cqual volumer, A scintillaton counter (Nal
Therystal, 40 ¥ 25 mm, background 80 ¢/m) was ued. All samples were counted 1
2 mandard deviavon of low than 2 %,.

Only ¥ present #3 schde was of mtera To correry for pomihle orgunically bound
71 analysx of protem-bound =1 (P B.=]) and 131 bound to amine ackds wore carred
out. Amalyses of P.B.¥] mere done oo smpla of rmatamal scrum, pooled foctal sorom,
foetal gastrxc jusce and placenia bomogenstes. P B arimavoms were done in o
ways a) The protemm of the samples were precmeated with 10 (w/v) tnchlorseetic
aexl The PB™] was calculated as the difference between the mdoactmty of the
antreatened mmple and that of the supernatant solotson. b) The ounples were distysed
in Vhking begs agaimt tp water for 24 houry ¢ room tempersture and the rado-
sctivity ket m the bage recorded. Analyses of 1 bound to ammo acxds in placenta
and serum were doae by paper chromatography (Rocwe, Lowrrzey and Mrcaz 1984)
sfier preparstion of the samples according to Mya~T (1958) Potasnum sodsde mano-

-t dnodoth ok and were wed w3 marken
The radwacnvity oo the chr ] by ing them oo slde
which was moved m front of an end window G-M counter

Reyults

Dissppeeronce of =1 from the srom of prepuxt axd esm-pregrant sdbits
Three 28-day pregnant and five non pregmant rabbits were each gven
50 xC =1 sub ly The rad ty of the matemal serum wat
mmtdlﬂmﬂmmdlhownﬁathcmjwomnndzhmﬁdw
mhmn“]dmppc&rﬁdmuchﬁm&nmlhcmafwmdﬂnﬁm
the serum of non-pregnant rabluo (Fig 1) The biological halfld of ™I m
mmShmmmpregmmmdleounmnon-pmgmmnnmh
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The dmppounuace of 1 from s

s aer iy

The trensfer of redioaciios sofide from the wather o the foctas 28 dars aflr matmg

Nine rabluts, 28-day pregpant, with a total number of 63 cmbryos, were
each given 50 gC ™I subcutancomly From 1.5 hours to 18 hours after the
nyection the embryos and the placentas were removed. The madsactvity of
each foctm (per cent of the injected ™I) was recorded and compared w th
the per cent of the injected ™ that might be expected 1n the foetus if 81 were
cqually distributed between the mother and the foctus, & e the weght of the
foctus 1n per cent of the mothers weight (the werght of the mother wath all the
cmbryos) The mean from each Lnter 13 shown m Table I A sgmificanthy
higher amount of ™1 was formd m the foctus than correpoads to empl  diffu
non. This was sudied further by measuring the radicactivity of the maternal
serum, the maternal and the foeral part of the placenta, the foctal serum
and that of the foetal gastric contents. Table 1I (rabbits po. 1-—9) summarizes
lhcrtaﬂuudlhowslhcmmumnd}mcuv:ryrrmrdcdmdxmncmnl
scrum. o most thh faty of the 1 serum was
meanured shonly afier the ™1 inpectson (Fig 1)

All the fgures fn Table 11 and the following tables represent ™1 prosent
o rodide. Lew than 2 was protemn-bound in foetal a3 well as m maternal
1amples except in the two 18 hoars expenments, m which lew than 5
protem-bound. There was no evrdence of ™I bound to amino acds.

lnnun:pn-hnmulhcndmamqunhcum:ofrcmunlo(dwcmlmm
was lugher in the foctal than In the maternal serom (Table 11 rabbas no. 1
~9} Furthermore the was higher in the foetal and the marernal
p:ruo(xheplacmnlbanhtbcfoculundm;lmulmrﬁptmrd)

was
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Tebls I The xpiots of VU] (x the foctus

Rabbitno.  Litter éixe  Hours Welght of ™1 inone  Welght of %11 In one
after ® ] onc fortoy'  focts (per oo foctwe In foctal o
in) (3] cent of the per cent of  ach? (per

injected the mother  crnt of the
=0 weight Infected »I)
28-day pregmant rabble:
4 12 L8 ny 113 0.67 182
6 8 43 314 745 Los
L] 2 18 40.1 773 113
9 3 18 L) 4.90 1o
20-day pregrant rabbite
13 3 17 338 o.1p o1
14 7 44 310 an o8

15 7 13 me 068 o8
16 3 43 40 Lo 128
1 9 43 20 [1F..] osy oo

Each figare represonts the mann of the hier

" Radimodide was strongly concentrated in the foetal gastric jurce. The radsw-
activity of the foetal serum (excepting the two expenments of 18 hours dors-
tron) and of the foctal gastric juice was even higher than the maximum radso-
actvity of the maternal serum. The radicactivity of the maternal part of the
placents never reached tho value.

The trar(fir of redivactioe wdide from e mothar 1o the fortxs 20 days 4/l malif

Two rablnty, 20-day pregnant, with a total number of 10 embryos were
used. The foetuses and the placentas were removed 1 7 hours and 45 boun
after the ™I jnpection. The radioactivity of each fortnn was measured and
shawed shghtly higher values than corraponded to equal distribution berwee
the mother and the foctus (Table 1) The radioactivaty of the different samples
are summanzed 1o Table 1T (rabbits no. 13—14)

1 7 bours after the ™1 jection (rabbit no 13) the radroactvity recorded
\was the same 1n the foetal and the maternal serum, In all embryos the radio-
nmwtydthcfocﬂlpanu(thephcmmwuhxghamdmnnhcfotﬂl
.crm,u\dtbnnfm:mmxlpanofthcphcmmwulomthm!h”
ddmmncmalmm.ﬂundmcuwtyonhctmmjp-nunh:ﬂncmﬂ
and in rabbit o 14 that of the foetal scrum and the foctal gastric julcr was
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Table JL nmdlnxhhwummnu&mwm
acteRy (Om per o scrms or -r,ﬂn)umdmmpmw
Hocrtn, foctel wrom end fortal pastne jocs

Nab- Ly | Hom M Mat. Marrmal Fora!  Foeat  Foerl
1% srr (wier vahm o mrom w Pacercs pleeceta e tantric

. »I o met the thme Jobees
L of removak
of the
Tocmen
Th-4xy pregrant rabbies
@ 9 13 440 2380 1% 5840 6190 ™.700
1 ? [X] 130 260 €500 116200
31 17 270 24% 2340 160 5010 102600
Y Y £ ) 2500 9,500 7100 106,100
5 * 20 12%0 2000 19% U0 84,
[ 43 4me 150 200 1010 RO 46000
7 4 44 AT 1,500 1650 6,120 130 40400
LI T 1 1040 0 420 2490 2210 %300
. FRTY 10 m 20 1900 1m0 209000
10 12 o &m 410 1,360 om0
n 26 L) 0 (=) 1A% 1030 120
i s s -3 e

20-dey pregoant nabblc
13 ] v 350 5,150

1440 6890 5,190 3000
Wl o7 | et | a0 22% 1500 3mo 450 16,500
-day pregmant rabblts, sfter Lajeedon of perchlanst-
W17} 13 ] etoo | 50 | 3290 230 M0 1,800
B 3143 ] 70 | 1m0 | 10w 290 4m0 3460
s [ as ] oame | o4 ] w2 et 150

Tach figure reprowan the man of te Tnc
Props lbucuran! ® ghen before he crperioet

fugher than 1he manmmm radioactmty of the maternal serum In pnnople
the results were smilar 1o those found 28 days after mating The ™1 uptike
by the focnn increased conmderably durmg the bt third of pregoancy Espe
crally the atulity of the foetal stomach to concentrate bodide increased.

locumnicten [ by the placesta por 1s

The ability of the placenta to concentrate raduwodsd  way furthermore
sudied m expenments in which the fransfer of ®1 from the placenta o the
foets was prevented by removing the foetins before the 1 injection.
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Table Il The concontrativa of 1 (5] in plocortes itk the foctins remoed
ond fx placrates with the fortuws ldz{;.:v‘)) (HJ

Rabbit Litter Max, Foctal Mat. Mat. Foct, Foet.
na. s valuc of  sorum placenta  placenta  placenta placents
mat 1 n 1 11
scrum
1 5 3300 14,900 442 3310 27700 20
19 4 3210 8670 4700 7410 12,800 20,600

Two rabblt, 28-day pregnant, were used. The uterts was opened on the
opposnte nde of the placental attachment. One foetwus from each of the utenne
horns was removed after ligation of the umbilical cord Great care was taken
not to detach the placenta from the utenne wall. The uterus was closed and
the rabblt was given 50 4C = subcutancownly The samples were taken 3.8
hours after the mjection. Higher radioactrvity was found mn the placentss
without & foctus than in the placentas with the foetus m utero {Table 1)

Experoments with ™ myecied tis the onbryos o eme of the sterns horas 28 deys afier

Jodide has been shown to be tramferred from the foetus to the mother in
rabbts, gunes pigy and rats, (Harse and Mvaxt (1335) Lyeecx and Hz
vonen (1956) and Natar Srrz, MrcseL and Roairs (1957)) These findings
were confirmed by the following expenments. Radiciodide was infected
through the uterus and the membranes nto the embryos in one utenne horm-
Radwdodide was found wn the fint sample of maternal blood taken 10 mm
after the mj The =I o the maternal serum incressed

during the first hour after which 3t remamned constant at a level much lower
than m the foctal serum (Table IV) This grves & pamibulity for obimng s

Table 1} The radwactally (cim par mi) of mekTmel ievaan cnd forie sorsm ofier wpection
o DU i the foctas in ow warive hwn

Rebblt  Houn  Maternal serum Berum  ferm
oo Mo e G3h ik Idb 2k 23y m o fe
il wngeeted

fortuey  forteos
w12 o ;e 7330 w0
1 6 100 500 a0 80 &% A0 $160 108
2 s 70 40 6w &0 a0 1m0 338

Mezn malues
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rather sieady state of ™I acrom the placenm of the nonunjected foctucs.
Tbtyna’ermntdl.ﬂbmmmduhnmlﬁdmc-lxqjccuan.mﬂl
concentration was hegher m the foctal than jo the matersal serum acd higher
m the foctal part of the placenta and In the foctal gastsc jmee than in the
foctal gerum. The ™I concentration in the maternal part of the placenta was
lower than m the maternal scrum. (Table 1T rabbix no. 10—12.)

The cfect [ perchiorats om the traugfer [ 1edide from tha mother to the foctas
Dafferent anioms, particularly perchlocate inhibat the actrve sodwde uptake
by the thyrod gland (VW vxcasxoen of af 1952) and the actrve rodide transport
throagh the gastric mocosa (Hawst o «f 1936)

Three rablats, 28-day pregnant, with a total pumber of 19 foctires were
used to study the effect of perchlorate on the transport of ™I from the mother
10 the foctus. 200 mg sodrmm perchlorate were given Lp. 20 mm before the
I miection and addi 1 100 mg perch 1.3 hours and 2.8 hours later
The rest of the et yrere perfc d 21 pr dy described.

15 hours and 4.3 hours after the I snjection 0.68 4 to 110 % aof th
infected ™1 was recovered 1o the foctus (Table I) This was less than should
be found m the foctus of ™I was equally dutributed between mother and
foctus. Comparnng these figures with those found in expenment where no
perchlorate was given (Tahle I) it 1 evident that perchlomate stroagly o
hibits the ™I uptake in the foetus.

The radinactinity of the different foctal and placental samples was lower
than the radsoact 1ty of the maternal serum (Table 1T rabtens no 15—17)

Discussion

The rmpd dappearance of =] from the maternal serum following sub-
cutancow ojection mto rablets [ale m pregoancy is mamly due o 2 veny
high @I yptake by the embryok. 50 4 or more of the radiorodide in the foctas
1 localized in the gasnc juice. The radicacts ty of the foctal gastrre Juce
reaches values of more than 100 umes that of the foetal serum (Table I rab-
bits no. 6, 8, and 9) mdicatieg that sodide u scereted fnto the foetal gaatric
Juace,

Evsen (1938) mentioned, that wdide was concentrated 1n the stomach con-
it in man. Radiclodid ed 1 ly 1n man (Howous, Myaxt
and Rowtasps 195.) and diffrent adult smmals (Locammerorotios and
MyaxT 1956) was concentrated m the gastnc quce. The last anthors also
reporied diat ™1 was concentrated o the stomach coatents m a 50 days old
guloeag foctin 1 heurr after the ™I injecton into the mother

The expeniments presented n thus repart show  that sodsde is secreted in
creaungly dururg the Lut third of the genation penod by the foeral gastn
mucon 1 rablut embrym. The radiotodide concentration m the foctal gastric
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Juee remains bugh 18 hours after the ™I miection at & time when the ™
cancentration ks low 1n the fortal scrum (Table 11 rabbits no. $~9) Tha
storage of fodide 11 the foetal gastric juice does not occur in the adult anfmal
Tt can be explained by the absence of trampart through the intestinal canal
dunng foctal Iife and slow reatsorption of jodide through the somach wall,

Followming radiosodsde 1njection mto 28-day pregnant rabixts the radio-
actvity of the foctal serum and the foctal and the maternal part of the pla-
cena o hugher than that of the maternal serum at the tme of resoval of the
foctus. Dunng the first 4.5 hours after *=1 injecnon the mdswactivity of the
foctal seruam and of the foetal part of the placenta remains higher than the
maamtm radiosetvity recorded 10 the maternsl serum, but the radio-
actvity of the maternal part of the placenta does not fa any case reach the
value {Table 11 rabbia no 1-—7) Dunng the same hours the radiaactivity
of the foctal gastric jurce increases ngnificantly This indicates a net transfer
of ™1 from the foctal serum to the foetal gastric juice during the period. It a
therefore evident that the recording of hugher radi 10 the foctaf serum
and the fortal part of the placenta than in the maternal serum o not oaly dur
to a diffimion delay of =] in the foetm. It B comcluded that fodide is rans-
pocted from the mother to the foetis aguunst & concentraton gradient. Father-
more the radsoactivity 13 bigher m the foctal part of the placenta than w the
foetal serum indicating, thar sodide is accumolated in tha part of the pla-
ceno. There o no evidence of an accupmlation of jodide 1 the maternal part.
| These conclunons are supported by expenmenu where =1 i ingected mto
the embrym m one utenne hom In the non-njected foctuses 1a the other
uterine horn higher radioactivity u recorded 1n the foctal scrum and sa cven
higher radroactrvity m the foctal part of the placenta than 1n the mateynaf
serum {Table IT rabiats no. 1012) This can oot be due to a diffision defay
of ™I in the foetws or 1 the pl as the rud, y mn the !
serumt 1 ineresning duning the it hour and then remasns conwant during
the rest of the expernnent. There 15 no evidence of an accumulagion of rodide
10 the maternal part of the placena.

The ability of the placenta to accumulete jodrde s further studred by
removiag the foctus before the 1 myection leaving the placenta untouched.
Higher radioactrvaty o found m th placenta than in the placents with intact
foctal arculation (Table I11T)

Tt must be mentioned that the measurements of the ™1 concentrtton #7¢
carned out on the foctal past of the placenta without carrection kor it o0
tent of maternal or foetal blood, both having 8 kower ®] concentraton than
mefoculpnnofthcphommuawbdcﬂkmamduoodmmfﬂ
-bom!)%ohhcloculpandzbephaenuutbemddpn;mmy(uuﬂ
1958) Tbe[oemlbluodwdmedlhcﬁocu]paﬂdﬂrcﬂumuhnolw
With these corrections 1 mnd it 1 scen that the sccummusuon of jodide &
‘htwmoﬁhcplmunmp-uoamttdtbxnanﬂxumw‘
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Perchlorate n shown to Inhilet the active transport of sodde acrom the
pbcmnmdmnnd:fo:tzlg:mmmmdmmhﬂmth:-mmh
tion of fodude In the foetal part of the placenta (Table IT rabits no. 15—17)
The mode of acthon of perchlorate 1 a3 yet &3 unknown a3 the mechamm of
active rodsde uptake iteelfl

W whh to thank C. Taoutx, mug. sciant. for helpful Gacumdon and advice.
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Jmice remains hugh 18 hours after the ™1 mjection wt » time when the »]
conceatration. 3 Jow in the foetsd serum (Table I mbbut o 88 Thn
storage of sodide m the foetal gastric julot does not occur in the sdalt amrcad
It can be explamed by the absence of transport through the intestnal camal
duning foeta! life and dow realnorption of jodide through the stomach wall

Fallewmg radoodide myection mto 28-dey preguant rablet thr radio-
actvity of the fortal serwm and the foctad and the maternal pan of the plav
cenwa i hugher than that of the matermal serwm at the sme of removal of the
foctrr. Durmg the frst 4.5 houny sfler W1 injeciion the radiowcivity of the
foetal serum and of the foctel part of the placents remawns highor than the
maximm dioxctrary recorded in the msternal perum, but the radio
actrvaty of ke maternal part of the placenta does not n any ease rexch thb
value (Table 11 mablets no 1—7) Durmg the same hours the mdionctvity
of the fortal gusiric huee graficantdy Thos anad 2 net tramfes
of 1] fram the foctal serum to the foctal gasirc jusce during this penod. It ot
theredore evident that the recording of hugher radiouctivrty 1o the foetal serum
ard the foctal part of the placenta thas 1 the matemal serum v not oaly dot
to & diffonon delay of ™ 11 the fortus. It 1 concluded that rodide fs ram-
ported from the mather to the foctus aganst A eoncentratron gradent. Forthes
more the mdionctrvaty » Ingher m (he foctal part of the placents thea 1n the
foctal serum mdicatng, that rodide 1 accunulated m thn part of the ple
centa. There Is 0o evsdence of an scoumulauom of sodsde 1a the maeroal part
y These condusions are supported by expenments where I i mjected it
the empbryot m one uterme hom. In the noo-geoied foetuses s the oiher
aerne haen lugher radioactraty 1 recorded in the foctal serom and a2 Y9
tugher mdmactity m the foetal part of the placenta than m the maternal
serum (Table 11 rabhatt po 10--12) Thus can not be due to » diffimon delst
of ® w the foews oc mn the placents as the radwactvity m the materssl
scrum 1 mcreaung durmg the first hour apd then romans constant dusisg
the rent of the cxpenment. There 11 1o svidence of An sccumaolatsn of kedide
m the matenad part of the plarenta.

The abiliy of the placenta to accumulete rodide 1 further studied by
removing the foetus before the ™I uyection feaving the placenta untocched
Higher raboacimaty s found mn the plscents thag in the placents vtk et
for1al arculaton (Table IS

Tt st be ed that the of the ™1 concentratoq Art
carned out on the foetal part of the placenta without correetion for fu eoo
senr of matornal or fortad Blood, both heving e lower ™1 concentration (han
the fortal past of the placeats ss & whole. The naaternal blood coosutticl
about 35 of the foctal past of he placenta at the end of (Mvaxt
1958) The foetal bloed dumtu{lhrfocﬂﬂp;ndmcphcwuhnmmz
\\nhlhacarrmmmmmdnumthltlh:amnhdmdb&*
mrmulp‘ﬂdtheplxmumcpmmunndmmwﬁxﬂ“’m




LXCRAETION OF CATECHOLAMINEY IN RATS EXPOSED TO COLD o5

5 [} 0 *® mn o3 » » 34 days
Fk\lmﬁnxmnu())wn-&mlh(
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The large increase 1n the di i ction, and p bly release,
mwwmumcmmmdmmwmmﬁm
hormone in cold-acclimated ratt a3 reported recently by Humet and Carisox
{1937} and Drrocas (1960) The gradnal dechine in the ontput may be e
plamed by oreanng senutity to nordrenaline (cf. Drrocas 19600 That
norsdrenailne » from extra-sdrens] ovigm » shown in adrenalectormeed rats.
Haor, Caxtsox and Gray (1957) have reported that noradrenaline prevents
the £l 1n ovygen camed by b h m cold-adapted rats.
Since there mevery reaso o sysume that drenaline derfves from the ad;
¢ nerve endings, it can be wferred that the tympathetic nervow system b
fmvolved m the metabolic reyponse o cold-exposure through the release of
nmoqdrenaline

{——) and +2°C. [~ —

1 seems to represent a yeeond line of defente
which need not be called on for great actinty unias the environmental condi-
Uors beeome more severe andfor the other mechanism b exhausted.
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Occurrence and Localization of Catechol Amines
in the Human Brain

By
Axr Breriex
Recehred 2 Bepeernber 1960

o aiechl evuns x the biomas bros.

cuila oblonguts, the torpas srintem wnd the

The data now available indreate that catechol amines are of mpoctance for
the normal braun funcuen. A fact powting in that direction o the localiaton of
e armper W eertam structures of the bram Thus Voor (1933) found that
the brun repom o € the habe, mesencephalic and bulbar
repr ol the h | nho‘trcnr.h o noradrenalme and
drenal pe Smduc-nnlhcdﬂrdcnmdwlmuncmmoctmmmanmnhm
brun. 1. ¢ dopamine (3-hydrovy tyramune) revealed quite a different localizavnon
of ths whytance! (Bz&rien and Rosexorex 1959 & and b) hrgh coneentrauoms

The romfs cre Ant eporsed Sympon.om o Catechol Amames, Detbesda, Ocrober 1618,
1938 (Custmov 1939

7 813015 At physiel scand 1ot 3} a7
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Tadic I Dustriliwn of moratrenalise ond dopescine is the humas brain
158
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Demg foand nmcwrp\nnrhmmonhccerdrllhcmnpbau.h:ﬁmmryd.ua
from tha laboratory have sthovn a similar dutrnibution pattern of thss amine in
the human bram as m the beains of other mammalian species cammed {Brxr
1ex and Roseagnex 1959 ) This finding was later confirmed by Sawo et al.
(19G0) and by Eimréaex and Horrriaewicz (1960)

In order to get further mformation about the function of the aatechol amines,
pecially dopamme, 1 the central nen ous system a maoce extensive knowledge of
the localizanon of these amina within beain seemed of importance The human
Lealn appeared to be well suited for such an inpvetigation as the varous
sroctures can be more readily dmsected out. In this paper a detailed acconnt
on the occurrence of noradrenaline and dopamine in the human bran b grven
Some data on the prescace of S-hydroxytryptamine (3-HT) are abo presented

M terial and Methods

[he brawn materal was obained from the  otopey room 1 39— hrs after death of the
Patent. Tach pacce of rwue was immeduateh cot nts emall daces and put into glase
b contamng 04 \ perchionc aod. Ertmaton of ca echol amincy was
4 ordieg o he methods developed n thi laboratory (Beatire, Canimov and Rosz
2y 1958, Cantmov and \Waprcx 1958) [ order w check the identity of the sub-
sances determncd, paper ch has

bewn in  fow ca The
actn boo and fluoroxcence spertra of the fuorophores ohiaincd from the bram material
mere abe ) 1o those of 1y Uretxcal noradrenalroe or The rocthed

Ly \ more detailked sccount of tha method will be publobed chen here (Rranee
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Tabls I Aoradremeline and dopuscios in 10 kawaa braixs, from winch four or mors riructmes
sy

Ago of the patlent
Yean

» CO n | =
Hre aficr death

LI LR | 2
Duagnosa
Putmonary  Heart fallee  Mammary  Cerebeal
cmbollan artrio-

NA DA NA DA NA DA NA DA

Bl pumgplic
Caudate mulan 000 28 006 175 008 143
Putamen
Globaw pallidiy
Toternal expeude
Claiorirom
F Lawcy
part 113 031 o7 al0 04y Q2
Intermad. part 14 Q13 180 024 oM oot
Posterior pert oM a2 101 0% al7 o0
Alearncepduaton
Buperior eollicuhm als o009 016 00
Inferior colliculm 033 ol ols 008
Red ooclewn 02 Qo 024 019
Bubstestia mgra 008 01 o7 040
Bl peduncull oo om
Rest 09 aJd 01 ars

Results
‘The concentratrons of noradrenaline and dopamune in different parts of the
homan brain are seen m Table I Mast of the dopamine present m the braln
was found to be localized 1o some nucles of the basl gangl of the cercbml
hembspheres. Thu: the mud.ne nucleus and the putamen contained 3 sod 5 #2
per g oI of the globus palirdus and the
chmu—umwcre-boutlomnunnxﬂcr In all the structures of the basal ganglia

the concentraton of noradrenaline was 0.05 yg per g or less. In the rest of the
cerebral hemmpheres the of hol amines were very small.
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hary bern talew for estrmatrem
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Noradrensine wat found m a iy high amount m the hypothalamus, » bere
relatnely small amounts of dopamume, 02 pg per g could be detected.
With a that structure most of the normdrenalme was recorded in the antersor
and mtermiediate pard In the former pant the preopt nockew, most of the
supraoptic nucleus and a prece of the parnventncular nucles were inchaded
(Fig 1) nhkdxuumntdmeputcmuhed(hcrmo[m:puammcnhr
nuckw, the dorsomedial nuelews and the ventromedial nudew and part
dlhcpmlmnndmmpmurkt;nnddthmhah:mnwupﬂmpaﬂy
made up of the rest of the postenior buckeus and the mammillary nocka.
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{
Neradrenaline I Dopomine

!
[30} as ar a2
Moo A <o

Flg .. “orsdremaline aad dopamoc in 1be buman bram

In the midb drenaline, 1n & oo of more than 0.2 g per
g was found m the red nuclens. A sample contarming, among otber structurts,
the mesencephalic part of the lar fc jon and the pialic nuckt
of the ey ¢, bad about the same cc of & line. Doparine wat
pruapally concentrated 10 the substantia nigra where poradrenaline wat
nearly absent. Sugnifi of dop were recorded 10

I
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Tebk 111
1 Bram from Snmmddfotn:.ulcn#lm-ﬂﬂdmh_ﬂt-mpknﬂed'e:‘uﬂ
. contabrimg the banl pogls, the talemm, the hypodalzm and some admoent
wrocreres
reg

Naradremaline | Dopamine
Cerral part an 007
Slewncephalon + pans (%13 004
o Bralm from an B months old foctus, taken 3.5 hre after death. Dingnosis: Heurt afiare.
res

Noradreraline  Dopamine

Caudat wodewm

007 127
Putamen ot 21
Globos palichus 007 o
Hy pothalsram 0 0.00
Corpers quadragrazion o a2
Bame a.00 [NE]
“The madbrein cxcept the corport quadrigemion snd the

basia pedunculs 020 on
Floor of the 4% vyenindle 0 006

In the medulla oblongats some noradrenalme was found in the part con-
tanung the roof of the 4th ventricle. In thrs part the nucler of several crandal
nen o and another part of the reticular frmaton are found. No dopamunc
coakd be detected here, In the cerebeth o ifi of catechol
am oes could be detected. The localmation of the two catechol amines m bruun
© whetmatcally shown i Fig 2,

Two foetal brainy ha ¢ been examuned, and the resulns are given i Table
111 The first of them was taken from a $-moath-old foctus. In thes case the baal
qanglia, the thalamus, the hypothalamus and some adpcent structures were
nahred together Small mounts of normdrenalme could be detected in ths
ampt but the dopamine level was proportiocslly will lower The other brain
curmncd was ke fom on S-momb-old foetos, where a more detuled dosec
ton could be performed. In thes case some noradrenal ne was found o the
I pothalamuy, the pudbram and the foor of the 4th entncle Doparmine 10 a
ancentranon of bout | and 2 4z wa found  the caudate nuclews and the
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Tokle IV Distribatm of S-hrdranytpomine in the bamen bre

nefe
Ago of the patient Aean
2 | | » | =
Hp after death
T {2 | s o
Datgnosts
Heart Myo- Memmmary Diabetes
fadlare ardlal  cancer
Infkrction
Cortex
Frontal lobe 00t o0t
Ocrpétal fobe 0.06 006
Hippocartpue + ollactory bulb o1l all
Sepram pelhucidum 208 s
Benl gaoglis
Caudate rucious 026 o2 0s7 024 027
Putamen or o1 o
Globos palladin 008 0.08
Thalarws
7 Medial muckedt ISt ot a
Lateral mocked ais (%] o
Hypothalems
Asterjor part 031 [E] [N
Intermedmt  purt on a6+ s
Posterior part 029 030 ax
Poes als (3L
Medulla oblowguta
Domal part contaming tha floor
of 4% ventricke: @s0 a0
Ventral rest 031 o3l

putamen respectively Small but significant amounts were recorded in the globas
pallidus and structures of the mesencephalon

Some analyses on 5-hydroxytryptamine have been performed on samples
fremn adnlt homan brans (Table 1V) Tlus amine seemed to be moce evenly
distributed than the two catechol smines, concentrations between 02—05 /5
pcrgbungfou.ndi.umund'd)cmumnnncd
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Discussion

Noradrenafine in the human beain o Jocalized 1n & stmilar way as m the bruns
of other mammalan speaes, which have been investigated earher (Voo 1934
Bexrizn and Rosexorex 1959 b) Thus the highest concentrations of this
amine were found in the parts which generally are comsidered to contan the
central repr jon of the h saraty Tho indudes both the
central repr of the paipheral ad ic nerves and that of the
adrenal medulla. A peurogenscally indoced release of aatechol amines from
the adrenal medulla 1 often used a3 a criterion of activation of sympathetic
centers, It n known, however that the activity of the centre of penipheral
adrenergic nerves and that of the adrenal medulls may vary independently of
each other Imsulin hypogiycemus, for cample, actrvates the adrenal medulla
e ity centers in the bran wthout an appreciable actrvation of the adrenergic
nearvous system. On the contrary dunng muscalar work the adrenergsc nervous
system 1 sctrvated withont much engagement of the  drenal medulla (V ExptaLc
1960) The romls of thm in wiganen indicate that the hypothalamic nor
adrenaline s present  t higher concentraton in the antenoc and intermediate
parts. It b from thu fact, bowever imponible to conclode that thee parts of the:

are the mte of sympatbetic centra™  nd one can put forward
the question, if roradrenaline abways should be foand at centers wath “yympathe
tc activities” Tt may a3 well be a tnnomtter m quite a different system ta
hegh synaptic kevel, fust as acetylcholine 1 the transmitter between the pre- and

T Loake fbers of the ad: nervous system,

Dopamune, on the other hand, n strongly Jocalired to structures which are
wvolved 1n the motor functons of the organrm, L e. the basal gangla and
sructures in close relation to these nudd, such m the sulntanta migra. The
datribution w thun the baal gangtia 1 Interesnng too, as most of this amine
waas found n the phylogenctically youngest parts of thn brain structure.

In a recent investiganen Saxo et al. (1960) has found larger amounts of
dopamine 1n the cudate nockews and the putamen than we have observed 1n

thhy invaugation, They abio reported the of considernbl of
Mmmmﬁmmm\mm&mmmwmym
Tha discrepancy 1 probably due to methodological diff As the conden

Fton reacton wth ethykene dumine i pot speafic for catechol ammes trs
posuble that some other materal has been estimated, too.

From the data now lable it may be toded that h Ime in the
hununb:nﬂmpxumtmhrghcrcmuud’thcnd:mcgkmtw:m
or of the adrenal medulla or both but t may be mvolved in other cerchmal
functions a3 well

Dopamme 1 concentrated to structures about the function of which ey
little 13 kncwert, except that they in some way are mvolved m the motor fune o
of the organmm. Results from surpcal and pathologacal studies Indicat that

-
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the actmaty of the globws paflidu i+ 1. a. 1nfluenced by the stratum and the
substantia nugrn. The globus pallidus o 12:d to be the older and dynamic cen-
tral nuclew 1 the basal ganglia. When patbological changes occur 1n these
regions st may resuftin ! 4 or tar rigidity (see Mantiv
1959) Dopemine may play a role for the function of thew nuclel and thi
asumpuon n supported by the [act that reserpane, which depletes the braln of
dopammne (Caxpsox et al, 1958) can produce side effects reserbling thove seen
in patients with lesons m the basal gangla or the substanue mgra. Further
reserpme has 1n some cases & fmvourable effect in pauents uffering from
Huntington s chorea (Gruwe and Suvpsy 1947 Braxoror 1960) where the
pathalogical changes specially are localized to the putamen. Tn cases of Morbas
Parki and p phalitic Park a & decrease of the
dopanune content in the neostrnatum may be scen (Exrovoer and Honxyir
wicz 1960)

Catrchel onines o foctel brans

The preliminary reutts from foetal brans mdicate, that novadrenaline and
dopamine were present in a beaun from a S-months-old foctay, The concentration
of doparune was however very low In s three months older foctus the dopamune
_concentraton had nearly reached the levels found 1n the adult haman brain
‘The noradrenahne concentraton scemed to be increwsed, too, but the figura

d that dop had d at a higher rate. It b possibile, that ths
“arome pot only 1 phylog Iy but alo geneticenlly 2 young substance in
the bran,

Ocaorence of S-hydreavtrypéamnst

Results from the few uvestigatons made on 3-HT in the human braw
showed low figures, porubly due o a very rapid beeak down of the smme
The dastribution, however secmed to be smilar to that found 1 dog bvaln by
Boonaxsxs, W rnmact and Uoasrexo (1957) with the hughest concentrathams
1n the bypothalamn, but appreasb) sho being present 1n the me-
dulla oblongata, the striatum and the thalamus (Table 1V) The figare obtamed
h-ytho:aud:on[xunLh:hrpozhlhmwo!nhumnnhmnuo{abounknﬂt
urdcrafmlgmmdeuLbA!prmtcﬂmthumﬂﬂpdoamduth“
the only stracture examuned with relatively hugh 5-HT-concentravon and very
law catechol amine bevel

Tha work Eas bern supparted by grant from tho Swedsth Medical nmncha-n;ﬂ;:
Al Forre Office of Scientufic Reyearch of the Alr Research and Derelopment Coamnand:
States Alr Foree and the Medscal Faculty Uon ersty of Lund, Sweden.
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Brief Cyclic Variations in Some Sexual Functions
of the Male Rabhit

By
G Droramax and J E. Romsteou
Reerived 13 Scptember 1960

Abstract
G Drarmuax and J E Kraismaos. Brcf o) clic iarsstwns tx s sexva!
Sunciwms of the mals rebbit. Acta physidl scand. 1961 57 106—115, —
It bas been demanttrated by mean of two different statutical methods
that at kemst two senal functions of male rabbiny, the vohues of daily
¢Jsculates and the intenuty of the sexmal drive are subjected to cyclc
varatoms. The keogth of the cycle varies mdnidually from 3 10 6 dsys,
and 5 in soore iodviduab wpermmposed by & bonger penod.
Inoaumwthewdl—bmmmddwfwguynudmdamuqdco[&mak
ammals, related in mala. There exst
onlylfcwrrpa'uind.raungtbeocmmceofnual periodicity 1 make,
otte dealing with the sperm count (Doocerr 1956) snother with the volumna
of the gaculates (haormsmros 1958) These observatiom are of interest from &
theoretical as well o1 from a practical point of view and jJustfy a more system
atical mvest:gaton, ncduding a study of pomibly exnting periodic arstom
1n sexual processes not connceted with the genital secretions. In additon o
the volumes of the efaculates we therefore have chosen o study the sexual dove
of the arumals.

Material and methods

Wﬂ&ﬁhm@hmcmwﬁdmmmmw
of semen was performed 2t | p. m., and the ammals slnays yielded thei cacdlates in
the mme sequence, thus avoedng  aryme vinal simulaton.
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Omejtuhmperdlywucdlcﬂcdﬁma:bnbﬂibymdmnuﬁ:dm
and the pnen transderred into small test tubes. The volunes of these tabes up to & mark
in the glam wall wcre known with great accrracy By ddlog distilled water or In some
cma  phynolopeal mht from  burette op to thh mark the volume obtamed
{n the tube could be determmed with & high degree of prechion. However s part ol the
cpacubate may remaun bn the vagma, thes d the of the d: '
The error was therefore d by ing the votumes d In the tet tube
after having placed precisely known vohumes of semen m the vagma Tha gave  standard
devanon of 0.05 between patred deternmmations.

iz per cont of the contained {atk tem which wes remon ed
before the detcrmination of the  oftme. Ahout three per cent af the ¢paculates were con-
tammated with urme which b easily obacrved by ity colour and odour Sach efsculaes,

have

refrmng to copulate. T all about TOU cjaculates have been studicd, the mean vohme
bemyg 0.38 ml

I arder o estimate the intenuty of the sexual drive the time clapemg from the mo-
ment, when the vagina was procated to the snimal up %o the momet, when the anmmal
hadd mounited. the sk and begm the pedvic thrsss was mossured by mess of & stop-
watch. This space of thme varied widely the avcrage being 169 sec.

W have locked upon the pelvic thrusts s being  better torminal point of the tmme
mcasred than the eaculasan (L Wartov 1949) Of counse thae two phenomeana are
both dependent upoa = well a3 end factors. The moment of ciacula-
tion b thus mthy d wpoa the akdlfuincm of the person eperating the  agina,
and i evoked when the perus comes into contact with the warm rubber tube of the vagma,

mounts and (il with the mienmty of the sexmal drrve 1 order to get nxch  mearore
of liwdo w  have used the vahue 10 £ 4 expresscd m an arbutrary umit, called litado
ot Tt rost be poarted out that thrs meanure tha the vagmm n prosented

I}rmmah\nd«umd.udcmdlmnnmndmbtperﬁmrd\lhnhhlm
l\rnu\c\}-um]oﬁmnctdcdﬂnmuf doe n order to be sexually exated.
N md’hbdoculdmdybrdxand.

The matestcal trestment of the data obtained bas been performed m two different
w3 Fmvw bav med  tent for randomnem fn penes of numcnical observations,
laborated by hiastacr and M brvomex (19373 T thn e figures greaver tham ather
of tharr gomeduat pesghbours n the sercs are defimed esmaamum wmbers Theimterval
betworn two much maxmam oumben, cxprosed m e wnrt, m our coe da 1, 8 ealled

¥2p. both manmom numbers being meluded wuhm the gap. [ senes of randam
m&nbt&wmﬂdumhm*mdmddﬂr«mmhnb«nakukwdbv
hrauacw and M Kesomcx (1937) By means of s thy theorctcal drtnbo-
1200 1 then conrpared with the dertribution fouand m the matermal 1o be tesed. The method
ko myoh e ukuhdononbt&mdmemnmdtbcmhhthdx
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volume Rabblt No. 2
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nons of gaps.

Usimg this method the only relevant fact 5 be mterial befwern maxmura  umben,
the beol t mean tude of these oumbens bang irekvant [ practree the means that
very mmall nd onkv occasomlly occurming maruma are of the ame m the
calculations as gresier and mare provounced maxamum valeey, Tha in ot m gno
rorples of smal) gape

The other method m knomn & persodogram  nabyss which i ludes harmonse  nal &1
of the perrocs obtained (of B ¢ 7 1917 In contrast to the method of b v and
Mo Kmarcx 1937 the nshan 8 not mfuenced by small and onl
occamonally occurmng peals. Dendar t permits i to caleulat the kengib of the 1o
penod and to decd  wbether only one period cxasts or v ha smore than anr pererd

supermnposcd upon cach other
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Measure of Ibldo

Number
volume of gaps x2-1258
Number 70 ——
of gaps N 50 p< 0.0}
1 X =650 -y
50 p<0.001 50
40 40
30 30
20 20
10 L 10
Ly
34 5 6”7 3 4 6 6 7¥m8
Size of gaps in days Size of gaps In days
—— Cbserved — Observed
Theoretical -— Theoretical

Fxg 3. The ohwerved dinnbution of Fig 4 The obened danbutkn of the
o mau&mmm
of with oy of campured widy the

the thertncal diseribation #o be fuod theoretical dutritastion w be foud b

o werics of random mumbers

Tt m sl pouible 1o extlonte the protability that the cyelre yaratons found are
satistically different from randem variatons. The periodogram analyds has been em

ployed for studying pambly existing cyclic varations up o bength of 14 days.

i
3
L]
:
E
ir

Table I Ted for rmday Coumph detream ductride

of pers
r r r
at
\ ohanes of the qacula 1650 4 <0001 1o40 < 0.005
Abemmwre of bbwko 1268 + <oat 1857 < 0.0003

Tabie Il Mram charsciensines of U peronds pommd

Vohmaof  Libdo
the caculs e
(o bermern o g oumbers (both maxwna o
chaded 431 days +% dayy
261 deps 260 dav
170 daya 274 dn
04 ml 13 Libedn umi

Rud i scca o and 2 maosom sacloded
Run w (moumoms and mrummm wduded)
Mean differonce briwren mazsmeen aad suoiemen mumbers
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Size ot gaps
in days
10 o
8 [}
7 8000
& oo gsfoweoyp
5 o8 g L |
4 -] 3 The of he
s B ] Fig. sdacs of b gape
3 i ﬂ G o ¢ o o plotied agatmot the st mard-
mm o ki the
o 03 s 07 a9 1
Yolume m!
Results

The values obtained have been plotted 10 dugrams, as i Fig 1 and 22 When
using the test for randompens, devised by hexmacx and Ve hewoxiex (1937)
1t was necesaary to poo! the valuas from 211 rabbyts in order to get a sufliciently
large stamucal matenal The comparnom by means of 2 analyis between
the dstribnuon of gaps observed and of those calculated are grven 10 Fig 3
and 4 As scen from these diagrams we munt look upon the senies of numbers
obtained as pot bang randam. In other words, we have strong indications of
a really exrng peniodscaty in the volumes of the ejaculatey as well as 1o the mnten-
sity of the sexual drve. The same results are obtained by calculatng the quo-

uent . /See Table I)
o

The mean charactersties of the period found by this method are given
10 Table 11 As secn from the table the two properties studied show mean oy ches
pearly wentreal i length and form.

When wung the periodogram analyss figures obtained from different -
dnrduals could be urated separately The rowlts are summarized 1 Table
111 Begmnmg with the olumes of the gjaculates this able reveals that all
anmmuls show a pnmary cycle with a statntreally probable length vaning from
3310 5.8day Beudes 1o 3 out of 7 rablats we find a secondary cycle super
mmposed upon the shorter onc. Ths longer cycle anes n length from 3.5 to
8.5da

As m):mmcd earlier t was impassible to estimate the lilndo of rabibidt no- 2
The remammg us rabbts all show periodic anavotrs with a primany €ycke

arying 1wdndually 10 lengih from 12 to 5.3 days (See Table 1) In tno
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indraduals thrs shorter perrod s supenmmposed by a longer oae, the length
of which 13 6.3 and 10.3 days, respectively

In one ammal rabbit po. 28, we find the two propertes studied to have
-ppwumndyaqualpmlnbklcnglhsd'thccyda‘chmhdcn,thecydu
are not synchrooous,

Discussion

As 1o the cauma of the penodicana found it b pendble that an ummually hig
eaculate may be followed by a strikingly long interval before the sexual glands
hlvepmductdcnoughmcﬁommwddlmthublgqnmhmlfthhhmc
case we shoukd expect to find a poutive coerelation between the maxmmum
volumes ud the intervals followang up to the next maxmum volume. How-
ever 1o sach correlation could be reveaked (Sec Fig 3)

The perrodical vananaons may also depend upon a varymg imntability of the
nerves supplying th genrtal organs, o the gemutal organs themselves may vary
in ther respomse to the scxual harmones. However the paralleliim 1n length
between the penodical varlations found by the present authors and those dem-
omtrated by Doaaerr (1936) strengthems the impresnon that these vana
toos are dufferent expremions of eyclic vanations 1n the hormonal smtus, most
likely m the arculating amount of androgen bormoanes. Work 15 m progress
with a view to elucidate thae problems.

In most handbooks the length of the estrn cycle of female rabbits s xaid to
be 7 to0 10 days (Amrir 1946, Parxas 1956) However Hasrirow (1951) has
found a feale cycle of 4—6 dayy, which 1 in agreement with the length of the
maale sexmal cyele found n the present work.

W are indebrd o the Head of the Tontitur, Profomor P E. Lianai, for valushle du-
Cumces. Fiencual repport from Lars Hierta Memorad Foundation k gratcfully acksow kdged
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Hemodynamic Studies with Differential
Pressure Technique
By
I G Forst and B. RubtwaLp
Recehed 13 Scpecmber 1960

Forrk, I G and B ReDewALD [fomedinemcc sindws with differential
presoow swchmigme Acta phypol scand. 1961 57 116—133 — A theo-
retical analyss of the flurd motoc m clrcubar clastic wbe i presnted
Tbcfamuhqla’mpuudosdpnmnﬂuﬂwwdmhahdm-
and technk 4,
differental preswre  re dacnbed. Reults of godies of the hydro-
dynamxcs 1y model arculauon nytem show thst the theory b abxd
For funematee vpcositres rangng from [ —8 at the diTerentsal pro-

the soruc blood motion are demomstrated.

Heart catheteramuon has opened posibiliues for q deter
of the cardiac output per mmute and the stroke olume according o the
Fick or the Hazul lex. Thereby salusble chmcal and phiyarotopcal

data about the arculaton in intact man 1 obtuned These methods give
mean values for the flow durmyg & cortan interval of tme but no mfarmaton
about the dynamics of a particular heart stroke. For the direct measurement
of the flow there are several typey of flowmeters but as yet naze can be wed
ally to merure the msmntncow xortc blood flrw i intser man. Our
\\c{klmbtcnde\‘o!nd(othcdnthpmm!dlmclhudfurthcnud)ofﬂf
dyaunles of the sortc blood motan, bascd upon differential-pressure cun e
recorded from the sorta.
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The t ! and exp { prohl met with in the bemodynamia
of the arterial ciroulation are extremely mincate. These problema have
recently been revicwed by MoDoard and Tavror (1959) The theocetical
works by Wosxssey have particularly coatributed to the undentandmg of
the dynamics of the pubatile flow In cardier wocks (1957 o, bjwe have
on the dynamuas m the ascending sorta in human bangs. Fay # al (1936)
reported on studies of the blood flow in the dog’s sorta with & techruque
umilar to ours. Thr groap has contimsed thar work and abo mvestigated
the soruc blood low in mman beings.

The motion of a Newtonian flind m an elmtic tube can be dacribed by
parual differential equatioms. In their peneral form these equatont canmot
yet be solved m an explicit form. By motable hypotheser, bowever about
the deformation of th tube and the effect of the vicomty we can sol ¢ the
cquatom. Our 1m o to achweve formulae relating flow or velocity to some
pinyncal that can be d fn vo. Tt is obvious that the non
Newtonan behaviour of the blood, the visco-clastic propertes of the veserls
and therr beological actn ty will be factors that Limit the theoretical approach.
For the theoretical part of tha study the reader w referred to the addendum.

Apparatus

h\nthcrrhahm\dl}rmdlfﬁ-mnmh'm

should be preforrd. As 0o motable catheters
o alable for cur prpose, different types were daxned In coperavon wlth



Acta physSol, scand. 1961 51. 116135

Tro the Grraurr Dpartoest, Suerr=bbuat xad o Ay Dopmertzy=s, 62 T
bopml, Seckhelm, Swaden

Hemodyname Studies with Differential
Presyare Teckrigue
rr
L G Poayf and E Riprwan
Pecrrved 13 Spresier 1909

Abstract
Poap. | € 224 B Priwwair Hewtramoc tacte svth £%ca
ey wboe Ao pinod sacd %) 51 11617 — A o
rro) xmbvan of e 8ok mexe © & ancdar e W x prevz <4
Tir formler fr corprtava of poband fiow and ol b
Ay dam are dwtmwer] \pparata soe! echoogee Faoreoxcdmr
ddmreminal premars wrt daemted Pody of codes o - dro
dimmno m v arthon e L ta e theun o al?

T B ot pan Zuboed Ongmal & %rren! prosos poarh
£ L avelog wata ™ amn with el sor mabe a o

H=n atbrooatvn kas proed poatdive (o quanttatn detemra oo
of 09 exrdzc anpt por e aod g ke Glmne aceocdim, W0 L7
Fick o th Hamlioy priocrpes, Tharedn  atpabie cleveal and phwsdopal
13 aboat . ancalias mocaa w8 cbmmed. Thea- orthod &
e2n v2lum { o the fiom o a cotam miemal of o b o wlomales
atom 1he vz o a parbroler bart wrke For 1the diteet o stmsest
o the By Lo are sveral trps of flwzzerers bt ;v et noe axa be o
oy 1 mmvse the mermnerss 2t bosd fow o maa cm 0=
wrck bs brem @mo.ed to the develontt of 2 meahd for ooyt J 0
arrrma o the aarue bood orenae, bovd apia dfremtalprosare cn
rroxded Lo the anrta
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Frt J Upper lefi deagram thows the excentric that b driven by  motor ¢ coostant
m. When the excentne

she huh frequency respome s w T be dooe in pew  pparatm,

The catheter n prosided wuh lateral openings and the np n filled w th
bemv metal The mereased mam rendens the catbeter tp low senertn (sl bigh
frequenes ibratons. The premurc

4nd buman bamg with type of cathicter A mmple test of the performance of the
rreordmg s can be curied out by shiftiog the catheter endings to oppomt Kdes
of the presure trandocer Thi manipubion will gn curve that n the orgemal

one with  BegAUTE dign. As even eny sl alr bubbies will carse asymmetry they
re ramh detecable by this text
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Aodel expormrnts
1 p—nﬂnplptn(l’on;tnudkm;m 1935, 1957 a, b, 1939) » refcrred to
modd.

Tbennhfamruo“bemiddrmhumryﬂmhnh:mdncnbtdcubn—A
beief pton of the erhms 4, and some techniaal details will be

the catheter endengs are shiftcd to oppomie Bdes of the promure tranedocer 0 1o
the symmetry Only when the wategrated b-nl\n:ﬂhuo‘Jplnd — Jp are nearh
wcotical, w he difference Dusmrhances due to

ane-hapedLbenn-mbmn rule
1 m posabic 1o deade by wrpecuon whether the fp-cirve b correct or pot
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Senes of Apcurves arc recorded with different profiles of the eccentrc, The cir
culating liquid is water In Fig. 3—6 the profile aurve of the ecerntrk, the
Ap-curves and computed velocities are d: d. Fram the graph of the ccoentrc
zbc‘tbdryuftheplungnanbemlmhlajfarlbmmmnkdum:@m::)
ud ahues for the outSiow velocrty are plotted for comparison with values comprted
from formnla (17) It i observed that the computed and actual vahres coampare well
The effect of the vocosity Is studied by dding & vmcodty frcreanng nibatance (me
thocel, ASTRA) to the water drenlating m the model. The Ap-cutves for kinemane
coartics ranging from 1—8 centhtoke ha  nesrly the oame dhape The differential
mtuﬁ;wted.hhdypunnvutbcmcdtyhann,hﬂnhnhtbhpﬁmﬁr
are not preene enough to permut any quantitative atimabon.

Our expenmental ohecrvations from thes particulsr model dreulation system may

be thus
1 Computed vahses for the mmtantercom velodty and the stroke ohame are in
with grven values,

2. When the cutflow patiern from the pump b slightly varied tbe shape of the Jp-

curve s changed m & dntinct way

3 The shape of the dp<curve by in (be maln mnaltered when the vicomty of the

arculativg bquad ranges between 1-—9 et and the devistdon of the mean diffcrental

premure fen 2ero i Dot mgpificant.

In thee models cxperiments w  find thar flusd velodty &nd stroke volume cun be
with smufficient accuracy from farmula (16) and (17) The pube-w  veloaty

of the tube o d ed from statc of the volume clasticity modubm
to Hallock and Bernon. From thelr meassrement oo atopey materisl «

fnd that ths tube would correspand to a rather rgid aorta.

\ccording to the Polscwlle equanon the premure drop would be at most 0.1 am
30 in these exp Ap accorat d of the mcan Ap of this arder
of magnitude 1 no: posible with the prevent  pparatin. From the theoretscal cooider
vons referred to, the premure drop due to the vocomty should be neglpible for
wbort dntance aloag the tube Experrnentally w  arm st the aaore concloson

Aorixe differemtal presswre n hoomen beings

In 1956 1 G Poaji and B. RopswaLp started to record the dufferental
premure 10 the human sorta and these records presented in 1957 werr 8t
far a3 we know the fint direct records from buman bang.

At that ume we used two catheters which nere mserted m the sorta after
brlateral puncture of the femoral artery N\ow the special doubledumen catheter
15 sed for recording the aortc diffe | prewure The catheter 13 merted
percutaneowh 1n the femoral artery The vessel 15 punctured under local
anesthexia w th a modificed Gedlund canmula The catheter is advaneed 10
the ascending aorta under fnoroscopec control The catheter n amed @
us forcmast part to faclitate 1ty pasmage through the aortic arch VOI’W\:
and Prmrox 1958 Two perpendicular radiograms arc expmed to chet
the poutien. From the radiograms the disance (L) between the catheter
openmgs can be calealated. The catheter s perfned with heparmzed slme




Fig 7a
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Fig b The mm £h mmhmmmm
ln-nmuhobulnfdn - oﬁ b higher equocis The smatmom 4 p rahe
hbrnllan,oL an. for the fimd vetoaty cbiained from formals (17)
are phacted bn bottom diagram

duting the whole m -esugation. Records of the presure and the differential
Promure are only taken during short antervabs of ume. With these precautons
there b oo ritk for coagulation at the eatheter openungs. Extreme care must
be devoted 1o the ammyg of the system. As menuoned previownly the symmetry
7 the naem can be checked by shafung the end of the catheter to opponte
udes of the differential prowure tramducer By sutable adjustment of the stop-
cocks thy tewt can be performed quite casily With thn technique the aortic
differential pressure has been recorded m cases with normal aortic val < and
with sonje vahular disease m sortic vatvular stenosis. The t @l
number of cases invertigated with th differential pressure technlque s 31
As the recordmg apparatin has been subgected to mod Beatiany during the

s



124 1 G- rorjt AND B, RUDEWALD

o g,
5
H
6
e ]
] bl - 10 8T
Time -sec.
Fig A Axeoding sortic differential presere (0 cm 1,0) b G4-prar-okd LX)
tolal brert hlock N of aort] n}mhrd.humdfh.hmnln;‘:nllp

oy
L ~ 8 cm. Soms valuey ke the fidd velocky e ploited below ()

course of the investigavom the matenal cannat be treated statstieally The
cases presented here are representative for the rewults abtaned with cue prosent
technique,

Resnita

)ln cases with pormal sortc valves the 1 p-curve from the sscending socta
hay o characternuc pattern asshown in Fig 7a L. At the onset of systole there
1 a dutinet pontive sterp ruc corresponding to the Jeration of the blood
(the net force 1 directed frwm the heart) Then the Ip becames negolre
and at the end of systole there ¥ a negatrve dip followed by high frequeney
acillatons of very short durattan. For negatve ip the blood s decelerated
(the net force 1 dirccted tacerds the heant; During diavtole the 1p 1 equi
litrated 0 a umooth rero wiveau, Fig 8 diova another case with a total
heart block. There were no chmieal ugm of any aortic  alvular deease
From formula (77} values for the blood velocity are obtauned which ¢ ¢
may first look upon as hypothetial The veloaty n omumed to be refo at
the beginmung of systole. There o a mped norease of the veloaity (Fig 75,
8h) to i maaumum valua of about 60--90 empee Then the veloan derrea-
18 to zero amd this gero polat agrees ery vell w th the expected end of the
cxection phase und tre end of myutole obtained from the FCG During the
remainder of the period (dwustole; the veloaly n nearly rero. In some ces
wmall pegative values are found just after the rero paint The stroke volume
can be aalculated i€ the crom-sectional &rea of the aorta o known ¢ 2 from
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thocacc sortography Plawsible values can be obtamed from statstical tables
(Porjt 1946) W th such values we find that the stroke volume would be sboat
60—80 m In the cases demonstrated here. The mean velocity » found to be
about 12 cmfsec.

By recordmg the sacending aortc presure simultavemuly with the differ
ential preswure, the heart power and the heart work can be aalculated (L G
Porjt and B. Ruotwaip 1937 forumla 14) The disance L m measured
from the radiograms to be about 8 cm in the cases demonstrated here. Further
more we find that the mean value of the Jp b about zevo — the deviaton
1 Dot ugnficant.

Discussion

W th a dstance of 8—10 an between the openmgs iIn the catheter we gt
redable differential presoure records and this distacee abso firy the length of
the axending worta. As the foremost part of the catheter 13 curved thu figure
s redoced and 1t mmust be messured 1 each indi rdual case m the radsograms,
To compute hemodynamie data about the blood moton from our formula
{7) and (13) the cromaccoonal arca of the aorta and i varianon with tme
and the length coordimate must be kpown. Recent ovestigations by Peremsex
dd on the dogs scrta w th cdmg of the 1
arca and the intra-vascular premure mdicate that the dynsymuce behaviour of
the 20rta 1 that of a rather ngxd tube. It n reasonable to amame that the
buman aorta should behave In much the same way  Thrs vicw 1 also supported
by observanions from angographic stodss of the ascending aorta made by
Axvineox (1960) H  finds that the area change 1n cases with nnct valves
Batmost 3 for a normal range of pubee amplitudes. This sdrcates that the
sunplified formulae (16) and (17) could be wed with sufficrent accuracy to
Orpute mytantancown mean flow and sortic blood veloaity m such cases. The
imtantancom blood flow at the root of the sorta should duiffer only slightly
from the mean flow If sufficient exper 1 data are availabl
formulac (7) and (13) can be ed for more et caltulanons of thee data
also m cases, where the crom-sectional area vane withm wider Lt
The high frequeney osallation superbmpased on the Jp-curve are mamhy
camed by rapid catheter vibratons A shight change of the positton of the
catbeter will alter the contents of thewe cecillatamt. When the Jfpcurves from
different poutioms arc witegrated for nutable ntervals of ume values are
obtamed that differ slightly The high frequency rerpome of the recording
Huem thould however be adapted to munmmze these ancfacts.
ntmznmhndlﬂ‘ncﬂﬁﬂprmu—culb:ml!mH,Omthcmpm
*uted here Then the maximum accelerauon of the fuid would be about
L5M cm tee The obume of the left entric! has been calculated from rapid
1l ampocardioqraphy by Asvomox  1960) In cases w th inmact mutral
and aortec aher the maximum scceleration of the blood dunzg carly syrtole
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Fig 9. Aortic prawuse just the vahues curing the \ almlva nusante Record A alm
tely before the sl and reeord B dunog capuration (1 treaml proseure aboa

% mmHp) aftr  owdnnm Ioptratkan. Record C &5 tiken 3 s, and recorded D 15 see

s calculated to be of the mme order of magnitede ay that obtaned from
the differential premure record

Of particular mterest 1 the obscrvaton that the mean 4p docs not duffer
sigmificantly from zero. It seems justifiable to conclude that the viscouty forees
are small compared to the inertial forces in the ascending aorta.

As mentioned above the differental pressure technique s parti~ularly st
able for the study of rapid alterauons of the dynamics of the artenal blood
flow To Jilustrate thes we shall present some prelmmary studies of the cr

)cu.htory effect of the Valmlva manocuvre and a rapidly scting drug The
use of the method for diagnostic purposes m aortic valvilar stenams has been
deslt with ea lier (Poxpt and Ruprwaro 1959)

The o Fereminl presurs dring the 1 elsaiva Vlesecwvre

The dp-curves presented ¢o far arc obtamed duning a xteady state In order
to stady the Ap-pattern when the left ventricular outpur 1s changing rapidiy
the patients are nstructed to aarry out the Valsalva manocuvre Th pressure
just above the valves 1 recorded dunng the manocuvre (Fig 9) Some Jp-
curves from a requence of records are shown m F'g 10 together with computed
veloaity curvet. We find that the alienog of the shape of the fpcunc
chamcterized by a shighdy mcreased amplitude at the begmning of the
maoeuvre, followed by a strong decresse When the patient starts 1o breathe
regularly the fp 1 for some strokes of slightly incremsed amplitude b 1002
1t returns to the bagc amplitude The relauve change of the comrespoading
stroke volumes are grven i Fig 10

When asmall dose of a mmite 5—10 mg, (Erymt, Boforsy nn ot pauents
« transient decreate of the central blood premure o observed 1n some asch
The aoctic differential pressure and computed blaod veloaty for such a e
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The soady waa arded by grann from be Rnut and Alice W allenberyg Toanda wn sod &
Swedish Madsal Resesrehy Council
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Addendum

Ia the theoretical trestment the sacending sorta i represented by & mbform non Leanching
e cirenlar tube. For our purpose it bs convenbent to dixcuw (wo alternative wparately:
A The motom of  noo-mscoas fhuid fo an claxke, cireubar tube and N The motlon of
heoos fickd In rigid cirenlar tube. The follawing rymbole are wsed,
! tiene

the length enordinate taken aloog the axhs of the tabe
L the kngih of the tbe
R the racdion of the tube
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e cTom gectionsl arex & certain premare ,_,.f_.
O(U)Iher\-hﬂr:dnng-dﬂ_dcﬂdha(u) Q. (1 + &)
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4 aoguler frequency
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For owcillatory flow L thoold be moall comspared 10 the wareicngth. Then the sl
of forces froe the tube waliy can b neglected. With Hef) = Q(51) #es) eq () can bewrhien

A0 l[ LA ()
L= - ———
&) F i Q(a) Med) ~ QLY M]"“a( Y

L
where 1a(t) #n the mean flow mithia the tubs f.(x)--,':}'mu) sty

The quotlent between the crose sectionsl areas at xms and x =2 h

%{)"—’-:L("‘%~x-4: where A8 = t{ag) — (L0

As #{xd) o potithe and scall compared w0 1 then f8< | apd tormoe oeddiplied by LS
can be pegiected

Wib Sp = (o) — M) 62 AT = Fat) L) q (3) becomen
P4
@ e e T 0

The cquation of contlpahty jor the tube b
L
J

) ;faww-;

L
The mean valoe of Q within S S Lk a_..--}_- Q(sde

Combining & (4) end (5) » et after fnsegration
']
1 Het) + HLT) JQ.(:)]
© s-(f)-e,‘ Qur)  IHEMs + ) ~i i+ C
Where Cis  cormtant to be desermined from some boundary modition ¢ g af ) = 0 Toor
c=0

1
Pat iaf) = 50+ Jel) wab = [ QOD) SpeME 4G

1) + (Lt) 4Qaf) -
end Jr=- —a T]'“’ with  (8f) + (L) =~ 2Ji wo grt

2H1) dQal(r)
a0 W) = Jd +f[a'?( ) ——‘—-]lr

Comants

() eoutd be med for determination of (e matantaous wea forw (hrough an elmtic
circalar tobe \\mmmmmmmwu.ﬁ.mm
.ndb..ﬁmld;hqbeabuadrmdu&rmnlm Ipn it be recarded by st
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bl dovien for cxample by mes of  catheteror  beedle. The cromesectioml area {5}
roriograply Thes te

5 roeen aloe (Qm (1) Boent ba determained by dor exanmple, thorsdic
mou-corrected fiow  J, sod the correctiooal term, Jr n be corpeted

mKnummLhﬁ&em\kmp&m,—gﬁthun-nﬁmﬂmdﬂ:
sort1, 0, xnd i derbrathve with rapect to ggmwtd t the root of the sorta
¥o. &Y x = s, Then the followmg squatom caa be med for the competation of the sortic
blood flaw
Coubintng the motdon equation

& & 1 &
[+ ‘JT+ -‘E-—;Emdv.hcqnﬂmntmﬂ-ky
® -"3%1.‘1%\_:‘ the Eoliowieg equathon b cbtalned

00} L3 "Q) ___‘.("*)
@ -o[(ﬁ) _°+U<I)(-&- -o] CATN
bero U() = ref)

The fwsctioes to be peamred are deootod by

ﬂﬂ-—i'(%’;) n o =2 2 i(n-(%) »
Thefow ¢ =l davowd by F() ~(Q) o He) =21 UV
The differemial equation for F{1) boromes

a Fo-ar 5—%1-;',

Ths cquation W of the Ricrall type amd 1t camnot be sobved ia an expliels form.
P rigid mbw eq (11} b reduced o F7) = f ¢ with the solitwa ¥ w F,{1)

5O =10 st ~ &

The cometazt of wrtrqroon &, can be detcrouload from the condig (hat
mo A -0 then k- mn [ i) g0 Me
The serrme ,LTF’A

L ;

Caa be baoked upon as eorreetional tarme W et govd esomation of them by puttmg F = K-
R ) Andermon, peronal commwentcxnon.
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:(0 - »(t) ‘l(t)
i
IQ : !
i) A Nt
M . W -\ RS
kY \
]
L}
%m0 x xol
plat) pixt} slLt Fig 11 Ser text.

Then g (11) becomes

]
D Fo-f g+r L4 Integration
Sz T ntegration gives

H
1) f‘(n-r¢</>+j{y—'1:;’t)—'@+f—i:3’(—nﬂ-’l}«~n where

2
b = min f ”—-———'(Zr)’ n, -—’_,———F <nmm> 47 The sroke volme 1

T
,(H) V—jF(v)‘ where T o the penod

T determme ibe cficuncy of the pump (the heurt) we bare 10 mepsury the proware #{ad)
at  ~ ¢ {the oot of the gara)
The mean cffect dunng oor penod

T
1
as E-2 j KOa Fi

Cotmaen;

Uzhe-a:mdmﬁnulmmﬂnnqtm'dm{u)hcmmhmuyucuhl b
&q () The Ranctons g(1) and Mt) cen be detcrmend n the menner iodscared aboy »ad X
&mpﬁm:’—'imwhﬁemﬂaﬂmm-mmL

o

44
L
Duscxsrmont

For 8 rigd sabr 0q 7 rechuced b0 H{f) =~ 2 m-/ AT 4 C

then eq (13 offens pomibilatles for more cact calcutagon of the fow



HEMODYKAMIG STUDIES 133

E E E]EEA..
Fig. 14 \elociy profiles for the oecillatory 2= e
o pecibe fakd tu

on—compresdble
rmge of valos of 2 Sec tat. (From
WiLanoem 1950).

tbe ill can be compaicd from

1
3t - { -
6 i) (L] QOT) fp1HT-C

25d b f) deffery slaghily froo the mflow i(ed) The Lincar doclty (1) obtabned from
m oty ! flﬂr\h c

-— -

ol

Ml approvmaic w0 the mean eartancows flad vedoan 1 differs more of ks from the fad
coan w the cntrance fow a4 b (he deviaton dhiowkd be withm rather dose lmus.
The druance L, should be 3 short s possble

I the rebc m more clasc and,or the presure armplitude vancs withes wider loum, the
dffrence bermers 0 end oullow camnot be neglected cven for  shont datance Lo |
B c1ae the groeral rqertoss mrt be taed for conputation of the mcan Sow 1a(l The Sow

Paicdar pomt g 4 FI cam at keam m prnapic be computrd accordmyg % oq
WL oty mall
The anamem of the sscending sorma docs ot alow the presre dufference to be mearmed

T dtance greaser than about 810 an The mcousrog pents thoukd be referred 10 the
e of the cromseriamal v rechace the offcct of the curvarmre of the cmel | practce thew



134 L 0. PORJE AND B RUDEWALD

conditians are dificalt © [l kn vhvo, The cholco of # purthadar L shouk, theseiore, frat
be made from experiments particolarly arranged 1o tem the validiry of the fheory and the
performance of the rocording syskem. W have preferred to do this b model clradatiog
stem. Experiences from stmfics of tbe dynamics of the sortic Bood flow and the  sculer
walle will thow what mrarig parameten should bo taed,

B The metvn #f  cixcous fkd bt righd cvaer tube
For mathooary flow the relation between flow and presaure drop fs given by the wellknown
Pobeullle cquation. For omllatory flow oquations ha  been dedoced by soveral rvaerch
woxkers. We refer particularly o the excellent and extershe theoretical studies by Woemerly
He points oat that the characrer of the Sow b descrmined by por-duncrmbonsl parameker

a-xl@ where X is the radiu of the tabe, w b the angular frequency and F 1 the klacmatie

visnaity of the liquid. Veloaty profiles for  range of vatoes of o bave been ghen by feex
ample, Winarpee (1350) (Fig 14) H oecs the symbol 1) knstead of . For kacreasieg vakues
of £} the veloclty profil beeomes more Raticned fn the axial part of the fube | the humaa
morta £} abould be bout #0. Then the fluid Is makaly unshoared, cxcept for  rasher thia lyer
clame 10 the wall. For  give tube and  given kurcrmatss acocity the phue Lg betwcen e
Bow and the prewure gradsoat will approach 90° as (e frequemey mereases (V5 oweasry 1933)
Fay of of. (1936) baa derbved o formmla from the Navier-Swke differential eqmation for Lk

proposcs a formouls with ctrtam tentath  constants Propoctsona] ty between frectional forers
aod fiood clocity & abn treated by Wiiaxoen (1930) who gives an eguation for the comsprits
tion of the comsant for differoat typas of fow

Coewcnts

The application of these resulas o the Bow pear the oatlt of the pump {the xscending sorta)
b quesuocable. Even tn pulstile fiow the vedocrty profike docs bot form mtd  cetam waksow
dhstance from the tube Inker. The  clocxy profile may be desermlned marmly by the velotiues
i the cpection flow and urbulence may occur For an clsstic t be the wtualion becoma oo
mare compler and there b 5o geoera) solon yot to the nondmear dfferential cquaion
valid for thw type of Sow Therdore ut ecemm to be jusuBicd 1o use the frmaalse for  Son
viscous flow to computs the Wood flow in the arernding aorts o mwn The erron dut €
viscots offrens thould be of minor myportance compartd o thase from other sources There b
b cxparmensal cndence that epparts ths vacw (sce page B) The premare bon duc @
the visco-clastic propertics of tee korte  alls are anotber pomihl somrce of aror For an eni-
mation of the effect the stodics on the dog  sorts by Prreasms o of (190, are of parucebr

mitcrest (vec page 1)
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conditons are dificult 1o ful] Jo vvo. The choler of  particuler £ should, therefore, fng
be made from experbments partsculsrty armanged o tet the  alldity of the theary and the
h

walls will show what messaring pararoeters should be wed

B The mutwm of & sixcons fuid in 4 righd circaler tube

For satonary Bow the relation between fiow and premure drop b given by the wellmos,
Poocuille cquation. For ceclllatary flow cquations have been dedoced by several rocarch
worker. W refer partscnlarty to the encellent and extensh  theoretical stodies by W omenty
He polnts out that the character of the flow i determined by  pou-dimensional parameter

u-k\/é where R bs the radiss of the tube w bs the angalar frequency and r b the kisemare

vincouity of the liquid. V cocity profiles for  range of vatues of @ have been ghen by for o
ample, W aLaxtan (1950) (Fig. 1) He axcs the symbol L foeicad of @ For bncreasng valsa

close 10 the wall For  given tube and  given kincmatic visocity the phase Lag betw con the
fiow and the presesre gradient will approach 00” s the (requency [ncreascs (1 ospracry 1933)
Fxx o al. (1356) bas derred. forrmula from the Navier-Stoke diffreatial cqmaton for the
comprtation of the fow fm the ascending moria from the peomare defference. These amome
tmt the fricnonal forces are proportiomal to the vedacty of the Bukd. Recenily Fav (1939,
proposs formls with certun renmative comstants Propoctionality between frictional foreey
and fluxd oclty b abm treated by Wrraxous (1930) who gives an equatian & the compat-
tion of the conatant for different types of flow

Commanends

The pplication of ibex: remults to the fiow near the owthet of the pump (be axcrodiog sort}
is questionslie. Even In pulmtlc fiow the velocity peofile docy pot form untd — exrtasm ankoow
dwixnce from the tube mict The eloary profile may te determimed mamly by the cloatrs
in the epecnon Bow and turbalence may occur For an clashic tube the stustion becomes fien
more compiex and there w po peocra! soluton yet to the pan-kmenr duffcrontal equations
valid for tha fype of flom Thachore  sectw 10 be fsuficd to ine the formmtse for  wone
viscos flow to compute the blood flow in the ascending eorta m qun The erren dur ko
voscows offccts should be of minor importance compared to those from otber s, There 1
abo expermmental cysdencr tha supports the view (st pege ) The premsarc bow duc to
&Wmﬁdhmnﬂmmmﬂxmdeanﬂ
tmatson of the cffcet the sudics on (he dog softa by Pameast o ol (1960 sre of partxala

Interest (o pege 11

mmmmm&mwmw b as st

on the wre of the sovis m ous tmy ] Pl 1935 1/ 312—1) "

far D LA Smm-ndA.GTCAmAuMnlrpmbndhmm
be foxactancom sort bood cloctty Covaletwe Rey 19% 4 627—632

§ v D.L,F W Nosixand A. ] Marios, An cheetne da e for imtantenroln snd copars
of wortsc bivod cloaity Corelemm Xe 1937 S 7378
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(Turserr 1960 a) However the postbil that y pe7 1¢ 11 responsibl
irth:rprmdd’chnmcdmmﬂydmmchnnnn,p-muﬂ.ﬂym
Carxox and Hansovea (1939) have repocted that an mereased sensimty to
acetylcholine (ACh) Lallows 4 of motor m the caL

The present study to investigate whether the lack of motor nerve mmpubses
alters the chemucally semsatrve area in skeletal musele, conssted of determinmg
the sxe of the ACh-scnmtrve areas in mmcle fibros of the tenummus muscles of
the cat. Such determmuanions were made before, and at varying penods afier
the dimnabon of all afferent rmpulses playmg upon the lower motor neurooe
of the subserved tenunmmus msele. The polaton of the motor neurones was
sccomplished by severance of the domal roots below a cord tramection, a1
doscribed by Towes (1937 2, b)

Methods

Conplete bolation of the lower motor peuroncs scrving the tenumm s mrscles was
soccenfully sccomplished m 9 cats. It had prevnoushy been esablished that the tmobn-
o3 musche of the cat recetves ts motor perv sapply through the seventh hmbar end
the first yprmal roott. Under pentobariutooe anestbena, the gunal cords were mansected
betneen segments L 4 and L 3 and oIl doral roons below the tramsection were whentified
and severed. Furthermore, all ventral roots bedose § 3 or 4 were scvered. In such an
hotated preparation, the venal born crlls remain  miact, 3t deprrved of all afferent
fmpoba (Towee 1957 o, b, Eccixs 1934

Desprte the severe operam  procedure and s defictt, t was possible to mamtabn the
suimals i relath cly good condrtion far penods of from coc o foar wecks, the weight
low belng *0—30  or kew. In three cats 4 sham  operation was pofarmed,  anby
the actual holatkn of the cord segroents w as amtted. Atrmtervab of tw da 3 the mocles

of the hindlegs nere tested for the prosence of electrical activity by the ue of comen-
o) with necdle

comeguence of the oprratn  procedure, the end-plar  region was abeays Jocased and
cxmmined for the prosence of mmnature end-plat potentals mee pp ’r'l"bcm. PP
wete photographed on senglc meeps, and therr mean frequency cakulated from ¢t least
66y mepp from cach fber

Beace  close correlation bas been shown  cxnt between the e of the ACh-sennmn
ara m muscle, and the magnitade of contractare which m produced b diffinelv
appled ACh (Lo and THERFr 1960 cach of the muscles cammed b the macro-
r\rdrwl.ltqum-nmb\tq\nd\nud.miwdnrrmmc B wotome shottenmy m
Terponme to graded doses of \Ch One w0 four weeks after the opera won both enustmns
mhnmmd&mﬁngmwthmnmwAQ
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Results
lmmcdhu:!y fallomngﬂtc surgkal Iolavon of the cord segments, both
h were i s shown by dectromyography and the

obwomohsuv:ﬂmdpanmemmcwmkdfmajvhymw
taneous satermuttent fascreulations were observed, and they were wdennfied a1
motor umt potentals (Fig 1) Tho sponteneots motor neurone actinty pershited
throughout the remainder of the observation perfod 1. 4., up to three weth
The frequency of m. ¢, p. p. s was relatively unaffected by the fsolation of the
segmental lower motor neurones {Table I) Nesther was thor amphiude por
tme coune altered.
\th!bclcngthdtheAC}mnurﬁmmnnngkmmdeﬁbfeb
ch d by micro-application of the drug records such as
those 10 Fig 2ueubtmncd.'l'hehrghmnuniuv1tynobsmtdnl(hem"bk
end-plate regron {records D and E) apd froon thar paint the focal senntvity
falls rather syomnetnieally towand both ends. For example, in Fig 2 the total
Iength of the muscle Shre whieh responds to ACh 13 0.5 mm. The roean lergths
| of ACh~sensuvity 1n control muscles and in muscles waith solated motor ney-
rones are shown 1o the last colummn of Table I 11 s evident that the length of
1he fibre scmtive to ACh 13 not markedly wcreased by onc week of complete
nactrvatmn. After a Jonger penod, a moderate fncrease of the \Ch-senutive

Tuble 1 Afcm cabnes aud chmaderd dersatwns for fhe frepuoncy of me p o aod ot benpih
of the AChunates swfocs ox smgle fibers of et tomucms woexie  The radues e peverded
averding 0 the dxratun of the perred of wxis owciatty producied by mepwel swlaton

of e metse mewreact

Durnaa ember Number Meao requency  Alesn kngth
of lascarvay of sresches of cod-plataa| ofn pp of recepior marisce
{dam) 1per we (s,
Comtrol G 15 Hy s 067 = 0819
b 6 20 T4- 00 oat = o@?
1213 6 k- 3o (116) rangc05—~>13
[ 24 1= m 11017 range 05—> 1%

117
Iwwcbﬂdmdmmmzimcwmhm
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senutive length of a flbre lonall ded 2.5 mm (for techmical

d:m:mhngcrlh;nlﬂmmmuldmtbcmmmcd)

Ammdclnwhlch!hedﬁcmnl}ymﬂdvclm‘ﬁccucnlugtdwﬂ]mpmdw
diffisely applied ACh with a contracture (Axxmimon and TEERLEFY 1959
D.vqx‘u-rnnd'l‘nmml%()) ACh produced an notonic shorterung which,
‘bmlhepumdofmnmrnmmehohuonhdlmcdkmguthxnmcw:ek,

(o] ] A

weomon D oafier sher o —0

ooy
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wu?O—SOpacemoIlhntobau—wdlnnchmmmn) denervated, or botulinum
ntaocated, musde (Fig 3) However the relative AGh-sermitivity of the mers-
brane of the inactivated muncle was much bews than that fllowing denervation.
That 1 shoun by the shuft of the dast-rerpome curve toveard the rght 1o Fig 3

Discussion

Surgical technique was used which permitted nolation of the Jower motor
neurones without damaging them (Tower 1937 a b, Eccees 194 Dunng
the fint post-operative week no sign of motor neurene acthvity was recorded.
Subncquently however the motor newones rpontaneanly became setrve,
producing satermittent fesciculations in both hundlegr, Thuy, the musches may
be considered to have been completely mactive dunng the fint past-operatrve
week, bat later some rpontancows motor actiity was present

Following motor nerve degeneranon 1o the cat the spread of the receptor
surface from the end-plate region toward the tendons reaches lts maumum
extent by covening the entre Sbre within seven days (Axersmon and Tumerr
1959) The preaent investigaton has shown that complete tnactnabon of &
muscle with an mtact motor umt for the same penod of ume cawss hite 10
crease in the sire of the AChseautive surface of the end-plate. Therefore m-
activity alonie cannot be responable for extension of the receplor surface after
perve degencraton. \enr (1960) hay reached the mme conciuwon while
wocking with incompletely denervated frog muscle. In wartonus fibres, mth
at least two end-plates, be observed that section of the berve to ane of them
caured a speead of chermcal senntivity 1n the regon of the batter end-plate
deapate the fact that impulse trupsmmuon continued through the ntact junction.

However of lack of tranmnutter refesse were prnmanly responuible for tbe
increase in ACh-sensiavity In chronrcally denervated muscke (Ticnzrr
1960 b) the atnence of a change following inacovity b understandable [sola
ton of lower motor neurones abolnbes synthronous transmutter celense by

nerve impulter, yet leaves the spontancous transmuatter activity ft ¢ the m. €
p.p-s) mtact. The bthreshold release may be sullicent
to mantmn the chremieal wenutnaty of the musele m about ity normal area and

intenm
Th:qnnin factor caunng the mereased senntmaty of denervated muscle 0
diflinely applied ACh appean to be an sncrease i the chemically senutive
membrane area (Axeimon and Taesierr 1959 \Diem 1960 The dight
B of the ACh surface which 13 cheerved after prol aged 0=
actsvution may therefore provide an explanation for the rather moderate 0
fold) supersenntnaty 1o intra-arterial injections of ACh obsers ed after fra weunt
of the kmer lhmocpm’tmchhcrpnmlcwdfmxaxmd}mmlqﬁ
Soraxpr and \laorapexy 1912)
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Infinence of Noradrenaline on Spinal
Interneuron Activity
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T R. SxooLmp
Recetred $0 September 1960

Abstract
Sxoaruwm, C. R. Ia/Bancy of seradreasling s spcaad inicracaren acinily
196] 51 142~149 ~ The cffects of mtra-arteria}
and of porad ot spunal k bave
been studicd on decspitate, curarired cats by meany of Intraceffular
mot countnon effect, otwerved at & threshold dase of

thoos were observed to set up decharges In mmitmally slent celb and to
came an oxTenie in freqoency of prevalmg sctiviry sometimea followed
by & decremse. An initial decrewse iy excitability wes only occagonally
wen.
Intreduction
The influence of adrenaline on spinal reflexes was shown by Sanvmrzrr
and VW rront in 1937 and ther finding of & modifying action of adrenaline o
central tranamusnon proceaves has since been confirmed In several mvestga-
tious (cf. PaTox 1938) After the demomtrauon of noradrenalime a3 a normal
comsptuent m the animal body 1t was anly natural that imterest should be direrted
toward the posuble acuon of thu subnance on the central nervous system and,
a3 appears from EUlzms review (1936) thu problem hay been spproached
along several bner Tn general omlar effects have been found as for adrenal-
inc. Spnal reflexer m the decapitate cat were thus found 10 be infuenced in
the me way by noradrenalioe as by adrenaline the most common effect btiag
» facilitatson of monosynapne extensor reflexes, which .ppnmiuabomtht
same theashold doses for both substances when njected intra-arienally (Dexx
Jarp and SkooLew §953 o SxooLvo 1952 In a study of the functronal

142
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propertics of spemal interneurons (Kosoons and Skoorowp 1954) noradrenaline

was observed 10 the disch rhythm of on in the ventral
horn. Coxtn ¢ o, (1937) wing marcotzed and folly deafferentated cat prep-
aratiom, only lly observed p effects of norad Jine (oc

ndrcnnlm:)onmunmympdcrtﬂanudnkorepoﬂtdthnm:a{th:xmb—
stances had any effect on spinal interneurons of the Remhaw type.

A more detailed analysis of the noradrenaline effects observed in non-
anesthetized cats has since been made and a brief dacripoon of the modifying

recent observations of & modulating action of draaline on wmit actvity in
the reticnlar formation (Bradrey and Aoriraa 1958) and at the receptoc level
(LomvmTem 1935)

Methods
Decapitate, siighity cutarized can {averape weight 2.8 i) kept oo ardficial enth
tion have been osed. Larsinectomy was performed fn the humbosacral region and the
wentral root Ly—$ were umally cut to parmit sntidramic simulaton. In same of the
domal roots or perrpberal nerves were prepared for electrical sthmutation,

premare gave
mm Heg 1 prefiminary scries of experimenta the blood flow 1o the mpioal cord was
wudied by moane of  thermocoaple inserted in the humbar eond.

microtiectrodes filled with ~7—3.0 M KQl solition were used i comnec
tion with an fnput sage of catbode follower type. The maln direct coupled amplificr
connccted wo the oacilloscope, aleo fed an inkwriter for continuous recording of the
membrane potental Partof th dysis of spike i ws made on tape
recordings from the sctual (ke detailed description of the recording tech-
niqoe see Haarary o ol 1958)
The techmeal dy . in micr from central pervom sruc
turet when wnjecting pubetances with effects on circulation are obvious. The fact that even
musute movvments of the cord thee in relation to the dectrode up are reflected m alters.
Uoes 10 the recorded metnbrane
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Results

For the testmg of noradrenaline effects Interncuroas were selected that had
;hm-nlnadymrmhnnepotcmhlmdconnm(ncdmylcvdorunchangrd
rap t0 stimaolaton dunng a suffi ly long penod (wwally 3 mun) to
allow a safe esumation of the relatively slowly developing effects. The twenty
five interneuroms thus sclected repeesented cell types varying both with respect
to fi 1 and feal location.

In spite of the heterog of the cell population tested the effects of
an Increased noradrenaline coatent of the blood — whether caused by lntra
artenal or Intravenows infectrons — were fafely uniform, the most
oerved mitua] result being an increase of exciability The threthold dose of
ntravenows ujection was 3 4g, correxponding to about 1 g per kg bodyweight.
More marked effects were obtained by doses of 2—3 wg/kg Injections of still
higher doses were generally avorded because of the dulocation effects (cf above)
With mtra artenal injections of correxponding doses the effects were generally
more pronounced.

In one ,enet of cxpenmenta the noradrenaline effects were tested on the
mperneuren response to nngle shock stimulation of afferent nerves and vanous
types of faailitation effects could be observed. Thus in one preparation, m which
interneuroms in the ventral orn were studied, a cell was observed which instially
responded to an afferent volley in the gastrocnermnivs nerve with a typieal slngle
speke at threshold and lly t+ o spikes at suprathreshold stimulation. Some
minute after intravenous injectson of 5 #g noradrenaline this responss changed
into & train of 4—5 spakes, which effect slowly subsded during the following
five mmutes of olservation of the cell. Another cell tested responded imally
to the alferent muscle nerve volley only under simultaneous facilitatory inftuence
from & skin area. After noradrenaline the cell responded readily to mscle af-
ferent stmulation alone. Another manifestation of an increased exatability was
a greater constancy of the respomse at threshold sumulation observed in certaln
cells.

The majonity of the observations were made on celh 1n the absenee of any
afferent sumulapon. Under such candions some cclls arc tnutully nlent, while
others show a contnuous discharge. In cells of the first type noradrenaline i~
Jection was often observed to amuate discharges which varied from trams of
impulses of some scconds length up to scveral punutes continuous Aring
Tbcnmpubcﬁ'tqumcykrpt\«zhmtbcﬂhgcd(hcnuunﬂymrﬂngd'ﬂ-
durgu,nndhlgh{rcqumcybmmoﬂn}m'ytypchmnmmdcd Most of
the cells of the second type showng spoatancous discharges from e begpnaing,
were also found to be influenced by noradrenaline In some cases only slight eF
fects could be observed, nwcfmndlCMDgctaaﬁr:cqttlnrg;mfﬁ;iﬁ
out more pronounced anatoms in the & crage frequency but 0
?;;mn:ungu in discharge frequency could Le demonstrated, The nfual
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change was waally an increase in frequency and a slowing-dawn of the rhythm
wis only occanonally observed as an immeduate effect, A depresdve effect may
also follow the mrtal facihtatory phase. A typacal example of such a frequency
modulaton of Interneuron actieity » given m Fig 1 The ccll bad first been
under observation for a period of 10 munutes, durmg whech it had been dis-
chargmg at an aversge frequency of 45 per rec, with maxmal fuctaations be-
tween 30 and 55 per sec. An intra-artenal injection of 3 g noradrenaline re-
sulted in & defimte increase in frequency up to 75—80 per see. As appean from
the figure, this peniod of mcreased activity lasting same 15 sec, was followed
Ly & penod of deercased frequency from which the cell dlowly recovered during
the second mmute after the injecbon.

Some of the cnits tested were unaffected by noradremaline. However on the
bass of the present rather bamited material it i not possible to judge whether
the anations m noradremline effects are duc to diffarent reactsom of vanous

ccll types. Adrenaline was tried only m a few mstances but also seemed to have
a faclitatory action.

10 several auses @ gnall but definte d of the Iy P 1 way
recorded umultancowly with th increase in dicharge freqouency and this
moy repr atue } I change (£ Kowuance and Skooruwn

1958) However n most cases there was no direct relatronship betw cen potential
level and frequency through the whole sequence of vanatons induced by an m
ection of noradrenaline An mtevmingling of dislocation effects (cf. Metbods)
and trur membrane potential changes 13 the most obvaous explanatlon of yuch
discrepanacy, and befoce artifact changes can be mfely excluded

notlung can
be deduced about a powible speciic \ effect of drenal
Discussion
The remilts described above intply that injections in non-anesthetized cat
Premnsom of relatrvely small doves of noradrenalme — 1 g per kg body

v\dzhl‘ucrtﬁcntdinchlngnofnngkhummm ty For comparison,
the normal moradrenalime contens of the blood i bout 1 gy per litre blood

19 613013 Acta phynal. send. Vol 51
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plarma and the average restmg seeretson In chlorlosz-anesthetized eats has been
found 10 be about 0.4 g per kg bodyweght per munute, aaloulated oa buth
adrenal glands (Ex1xx xnd Forkow 1953) As an crample of sctsvity secretion
may be wken the sveruge valuc obtalned by Eurrx and Forxow dunng
splanchnic stunulation, 1 ug/kg/mn per adrenal giand The blood content
vanauon brought about by the present expeniments toay thus be sald 1o ap-
proach the physofogical range, although such rudden changes as those induced
by myections do not ocour normally

For yeawint grven below the interpretaton of the results x5 bong due 10
a direct 2ction of noradrenaline on the nerve celly is the most bkely however
m wiew of the experiawental condstions tho conclusion ean be reached only In
excludmg certam indureet modes of actn, well-knovn from pmilar arg
touns by previous investigatars m this Beld. Thue, rince & comparativedy Intact
prepasaton was used m the presant experiments, 20 &5 to be abde (o study inter
neuron acivity under conditsons as normai ks poaible (ef. hatwopiy 1957)
changes in afferent mfow may be an wterfonng factor Huxr's (1960} findag
that ducharges from musele spandles are nfluenced by sympathetic hormones
oty one posuble source of error of this kind, but this mechannm scem
lewy probable, of oue muy judge from the large dors of intravenouly smpcoed
adrenalme, 4080 xgfky whirh were necemary 1o produce ugnificant changes
1 the afferent mfin Wioson's (19%6) attempty to demonsteate any change
m the affeyent inflon 10 the dorml oots of cats afier sdremaline wjertions were

alto negatnve
That arenlatory changes due to the blood prewure varmtions mduced In
adrenergic wub [ £ DLctor m thar action an central

nervowy actrvity has been rejected by most suthon {¢ ¢ Sawwrmrzes and
Wnont 1937 Wasox 1936, Braotey and Mauirea 1938 hanes and Do-
o (1957) reported that the effects of adrenerpie substances on the paedlar
seflex were ooatuned after sab hixaton of the blood pressure by meanst of 8
reservar system and abo thowed that & mechanical clevavon of the peessure
fasled 10 reproduce the effects. However it should be pointed cut that if the
wysterme anenal preseure 13 sbnormally low from the beginming oy may be
the case sn decaputate preparatiots when necessary precautions 1o masisn
the hlond pressire hase ot been taken, the sproal neursns mas be apt to respond
o an mproved arenlavon of howronex 1937) \ coxtionvx (1960, conwdered
the adrenabne and poradrenabine effects observed on fussformn motonewsons 58
decspitate aats te be due to an merease m spenad cord perfuven, unce effects
were ondy h observed w d brate caty with asterl pressuse abo

the crwscad fevel e to e saken muo 3¢

R changes m cord arculaton iz © to be

m‘gmlhl\uppanﬁ'msﬁz:‘,ontﬂgﬁ review several srudies of novadeenaling
offeets on bran arculaten have been sorne of which wdical

that the corebral vomels are constneted to & hugher degree than the o7
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aUmcuhwf)bcd.bmwﬁupondmghﬂ:ug:unnlmlrpmlcordmcmw
be lacking Firio  of (1931} wung th ple tech far d a
of blood flow changes In the rabbut  spenal cord, observed however that active
vasocomstricson m the hrmbar cord may reult from adrenaline myections.
Innpmﬁmmuymaorapenmennund.:c-p-meuu.mgthcnm:w:h
nique, similar effects have been observed after noradrenaline infectoms of
rpcchlmmmmd:ﬂndmgdnu[tcrmmmunlmpﬂonmgmﬂblwd
flow changes i the spual cord could be observed m the absence of any more
pronounced systese effects (SxooLuxp, unpublisthed cheervatomt) To be

m systeuc artensl pressure. The relatively long latencies of the faciliatory
effects of noradrenaline might pomt to a secondary achon via regional vascular
changes, but a slow reaction of the nerve cells to noradrenaline 1 abo a possible
explanation, paricalarly if metabolic changes are mvol ed (cf. below)

In strong support of a direct scton of nomdrenalme on the nerve cedb speak
the Andings of umilar effects at the receptor kevel Ay demomstrated by Loey 2%
stemx (1936) the facil y action of sympatk ) on the frog s
touch recepions ean be reproduced by application of noradrenafine oc adrens!
me, and the nmilariues betw een the effects on these recepiors and on th spinsl
interncurons are siriking Ting a touch receptor which ocdinanly fired only one
mpulse in respome to a b | stmulus drscharged repe ty after
application of sympathetic hormanes, and 1 the absence of sumulation spon
tancous firmg could be imitlated or increased.

However from such analogies no conclunon should be drmwn a3 to a trans-
mitter fincuon of noradrenaline m the central nervous system swch as pos-
tulated at sympathetic nerve endinge. It might rather be suggested that nor
d e, as well a9 adi hine, if onc factor relcvant to the exclaa
bufity Jevel m nerve cells and other exatable structures W threspect to adrenal
e somie recent revults seem to indicate that such an  cijon may oceur both wa
an nfluence on L P ity and via bolic changes (cf Axxrsos
t e/ 1939) The latter alternative implies that the direct action of sympathenc
hormm“htd' and tharr secondary effects due to vascular changes may be ntmatedy

X

The reactiom of spinal wter w0 an i d cont nt

the blond are srilangly smilar to those observed m units of the  eucular

formation (Do ALLET of oL 1936, Baapirv and Morirca 1938} and it u
romuble that mazy 6 pes of contral neurons show such  senmns 1y although
to a vanmg degree A further analyus of the action of nmpathetic hormones on
contral neurons s of special interest m view of the fact that the secretion from
l}tempwm;hm:ybcknatncdund«mnmamdxucm.lnuphym, con-
uderable fmerease has thus been observed  Rartza and Hovsay 1952a) and
t 1 obwious that thn finding thould be taken into connderation n the fnter
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pretation of frequency changes seen in spunal interneurom (hoLwoory and
Skoatowp 1959) as well as in cortical neurons (Carurzreror o of 1957)
dnrhgl:phyxhlmknmﬁcdgcuftbclnwno{qmp:dwdnlmmkrnm
mterncurons i, an fact, also 2 neccwary basn for the analyms of the central
-:umnfmuhmdn@.nmhnn!cuune,wh}d:hhwn'nluauxlmﬂ)
sugmented sdrenal secreton (Rareta and Hovmay 1952 b, Forxow and
EuLex 1954)

S‘m-;numwbymummmuwamwm
el Tobalwnonopoket.
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Rensl Clearance in Dogs with Regard to Varmtions
According to Age and Sex
By
A Assr F Prxovox and S, Prassos
Reethed 71 Sepromher 1960

Absteact
S, AL F Prawow and § Pranoy Kesel kwaws s dogs ik

Topanringhly vanpog. Satisucat daa are prevented 10 ahow that the
w-aalicd mifdeprosgon begims to ovcur even At the bent plama
PAHtoocepinnoms cooudered necemasy for sy offioent
tufmifar Jomd.

In mont of the published wvestgatrons m renad clea dne  n dugs 1he normal
values given are based spon small eeres of Jbaervaton There ase iy u fowr
Tepovts on statustically trested reyvulty of studres n large senex Hoo & 13918}
presents datx ¢m glomerutar filtratsn GF and flect ¢ rensd plasma fow
(RPF) m 75 nowmal dogs. husterx tal 1353 reports mmudar results for 32 dog-
hoLsrxc 1959 quotes mean values for OF RPT and 7w, ,, maxmal
sobulas excreton capaaty for para asmipe-hippun acd a1 dogs. All the
sard authon wed female does. In the svailable hteratur nl one p blicaben
1 foumd n which male dogs were aed m clearance stud o3 numed  that I
Sransze, hatz xad Ronaarn 1149, Thes reprnt expermenis w th ux male
dogs and gne the mean value for GF and RFF bt ne Tdetermmationd
were done.

In all the abuc menvoned swiicy, excepung tune A hovrzee o2l
aeavmne wat med for measunsy glomerular Gluaven 3t Rouwzss ma
restdts of wohn clearance as well

1%
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At regards the determination of T, g in dogx, published data are very
sparse. Saerm (1951) grvumnvn}uaforT-,‘,mlmthdﬁ'umrmﬂum
vanous repocts on small series of otservatione. Kovarno (1959) gives the mean
v-l\:falldog.l\omporuwnmntngT-,‘.lnmkdopmnbcfoundm
the lterature.

1n the above-menboned remlts of Ty y-determinations the so-called sell-
dtprcu!un‘umthkmlmnwmdmmn.lnd,tbﬂtfm:,thcqurdmﬂn
values may be nespected to be impared by senous avors. Thn will be discuned
Iater

By means of a clearance technique, carlier nuthors have shown that renal
function In children 13 fully developed at a very carly age (WoT Surr and
Catasrs 1948) Sumilar studics m young doge have not been

In the work presented bere noemal values for GF and RPF measured by
imulin-clearance and PAH=<learance are given. In the statatical analyss
variatiors in age and w3 were Wken into coonderation, Determnations of
T, were abo done and the value of such deter m dogy s d o

Material
serics conuorted of 32 noxmal doge, 21 females and 11 male. Out of

redn.
expenmental sersax funther normal valoes were calculated, but these will
Bot br reporied here w0 a3 to avold beterogeneity

Methods
Coraraws debermmnatoons

cven, and togetber with sesdy blood-deveh of maln and ZAH the experumental conds
Uons My be commdered more sandardired. was 1 rule moderatc and was



152 A, ASHYDY, 7 PERMON AND £, FERWON

peves beow 0 10 ml per miute, It should be noted here that the experiments Incloded
maﬂdop.tmkdﬁc@h!nngcd&om7ml6kg.

The dogs were hetk Iy and since the ob-
mdanwmdmcln\mihnrbcd-ndqumnmmdmalquubih:hp(h
mm:wr@hzwmmmnwmmuﬁhmm
type was [naerted Into the cephalic veln and
lnl.othe[ﬂnorl]lnzr) (Hmma..lnmxmd()wulﬂﬁﬂ) The vein cathcter was
wed for giving the infixlon, and the one in the artery for withdrawing speciraens of
Hood and abo for measuring the hlood-premure by coanceting It with a mercury
manometer The inftlal dose of PAM and irmlin way grven, spprodmately 13 mg and
40 mg per ky body-weight, rapectively Cond.nmﬁi’miond?AHnmihuhnhu
then started immedistcly by means of an electrkally driven infision apparatur, The
concentranon of PAH in blood plasma was maintained a3 coso to 2 mg per 100 ml o
pomible, and the concentration of iulin between 15 and 30 mg per 100 ml. After & 43

fceater where It was allowed o stand for about 5 mua before centrifugung, Three
such coosecutive 20 min persods were completed. Tw-determinations were then made
immedntdy A primary dose of about 200 mg of PAH per ky body-weight was ghes
by very slow injection. Coatinpous infuston of PAH and loahn was started. As far a3
posdhble a plazma-ievel of PAH exceeding 13 mg per 100 m! was mainbined. The con-
centration of frulin was Lepe a1 the same bevel a1 carber  After & 30 min equilibration
fnterval two 20 mun peniods were ;3 rule completed.

Anay tical wwtheds for deicrmomnivn of Uht clesrmnce agents

Josrimox and Gapor's (1943) modification of Comcoan and Paox & (1939) metbod
wnmtdhtbcmlmnmlmﬂlﬂwndctrrmmtdb’ weuaalndu(Sml{lgjl) Allthe
analyses were carmied out with  Beckman spectropbotomacter mmodd B Dupleake
detcrminations were made of the inulin snd PAN concentrations Io esch epetizen of
blood and urine aod the means wero calculated.

Results
4. Glamervier filtratson rate and (fective ronel plasma floz:

The results for the 16 cocker spaniels are given m Table I The 1otal numbxr
ol cl i 54 vath appr ty 16% obscrvationt. The values for both
GF and RPF are exprened per kg bodyweight and per #q m body surfare
(Cowart and Draaxox 1927)

The formmla of metamal b a follows e
S-cthyL3(1-wethrylbutyl)-malom ide (T o
Urethase

B

130¢g
Spwe come. 2hg
Ghyorm o 100w
Aq weri.
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Tobls I Clacronce of tantin and PAH in 16 coclry shacals. Each rulus is the aceregs of 1t 4
bscroatants, anch of wach i frn it thy aceregs of 8 comsrcative purisds

Dog S Filiration rato (Cpa) Rem! plawna fow (Cpay)  Filmstoa
e, mlfmin Fractioa

por kg per e per g - Cr/Cran

12 ? 4 2] 1585 s ors
1 ] g1 -] 1158 m 0%,
14 ] L31Y & 1047 pit] 031
it ? 0 % 1257 247 %
m2 Q 164 kL] 1691 30 024
s ] s 67 1088 242 0
ms 3 pY3 ”n ne 01 ox
u 3 416 o 1224 4 [X]
w1 9 1z 61 1267 ", [:X:3
w2 ? 159 ” 1434 mws ars
n 3 & 421 »n 170 » 034
v 3 an L 1B b2 a7
v ® M n 1577 me 015
4 a 586 100 175 mi (L]
AR} 8 p LAY b 3 167 Lh-
Ve ? 247 > 1468 8 ass

Since the vatues in Table 1 represent cbacrvations oa dogs of various ages and
of both sexes, it was cormdered necemary to study any presence of ngnificant
variation of the values with age and sex before treaung the whole mateamal
saustically The results from the dearance teggts arranged m age-groups,
showed 1o tendency to varation with age within the range concerned.

For calculation of any variation with sex the #tat was wed. The mean
valuar for €, and C, , calcnlated from values given in Table I showed no
sigroficant differences.

m&c,,,mr«c,_r > 003 The t-value for C,,, however 1 as great
=

Since glomeralar fltration is reported to be higher 1n men than m women,
and since our material comprises only 6 male dogy, the scrnes was augmented by
16 mongrel dogy, mctuding 6 malet. The age of these 16 dogs corrarponded to
that of the rent of the senes. The valucs for thn 2dditonal materal are grven
Table 11 arrasged as Table T

In constderation of this harger material ( = 32) (Table I and Table 11
with ropect to sex differrnce ¢ will be scen that there 1s no ngnificant deviation
either for C; (0.3 > P > 0.2) or for Cp g (0.2 > P >0.1) The mean values
for Cy, are for make dogy B1 49 =11)and forfcmal dogs 71 =3 1( =21)

The mean values for Cp,pare for male dogs 200 + 24.3 {x = 11) and for female
dog1 231 + 105 ( = 21) Som I = )



134 X ASFXDM ¥ PERMON AND £, FEANSOY
Table 11 Clearence coloes fom 16 el dogs

Dog Sex Filiathon o (C) Remal plawna firw (Cpsn)  Filtration
jiryaesy pyariy fraction
pec Ag perm per bg per me GoelCran

1 o 2 & m 20 )

2 g 150 7 1100 ¥ on

H2 o 156 102 140 1 ax

H 3 ¢ 443 7 s 151 o

Hs ¢ 150 34 1020 196 ey

H ° T n 1310 151 P

H 7 2 an ® 1096 1 ot

H&S Q 43 1] 1167 116 s

Hio a % % 2418 s 026

Hilo  © +20 » 140 m ax

Hitl 4 457 k: 3 1700 9 [:3.9

HE g 264 s 764 175 o034

Hi Ge 3 174 “ 630 160 ox7

H & an 7 s s Y]

H 5 ¢ 41 94 1282 33 031

Hico 120 @ 1% 0 a1

Since there scers to be o sgnificant varizuons with repect to sex or age
the data concerning Gy, Cp ;g and FF (filtraton fracton, C;,/Cp ) for the whole
materal have been analysed statstreally and the resalts appear m Table 11¥

Skrwness of the dutribution was estimated by Lindeberg s formula

Sp = P —50,

here P 1 the percentage of the total mumber of olservatioms nhose value
exceeds the mean. The standard error T 5, for S; was caleulated from the
formmuia

30
I8 = =
LT TS
and with Student s ~test the foliow ng was obtamed

§, 4 T8, for

C kg 317 =530 06 P 03
C,fm 0530 P =1

Cruky —938 =330 (61 - P > 003
Cram 313 =330 06 >P . 05

FF —312-530 {06 > P >0.5
]t“ﬂ!hcm&umnbucu]cuhuumthauhcdumlmmmbemdd

as pormal.
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Table LI Statzstal amelyals of Kliration rae and fectie roncd Keoma fors £2 wormel dops
Cy, i, Cran wijmin,

Filrreton
fractiom
pets |pew | |wem | cuiCnn
o of dop
Mean i ™ 1288 23 st
Rarege 174506 a-10 6302118 160419 019044
Sundeed deviaton OB 13 221 acst
Sandad ermc an 169 057 117 0.0089
Cocffickent of variagon. 122 198 249 ns 183

D\l xomel tebuler excriven capacily for PAH
By subtractieg the amount of PAH which b filtered through the glomernh
from the amotmt excreted in the orme per unit of time a mesure i obtamed

of the amount of P4H actively excreted via the tubuler This can alwo be
expressed by the formula {Surra 1951)

Triw Upw X T —CpPp nFlt
where the rymbols denote comventional valuer, In dogs FIi o canudered to be
constant and independent of the up to 60 mg per 100 ml
and 1 qooted at 0.917 (Swrrm 1931) In car calculations the constant 0.92
was used throughout. The raulisof the T, y-determmations appear in Table

IV Foar negouve ~aines from two dogs are Lsted separately In Table v The
wecumulation of PAH m the tubules s calculated from the formula

Prw” Coqw—Cs ¥ Ppyg x FHH
cach bang of c 1 d

Since there is great variation in the Tvalues and thn vanation seem to thow
snmie correlation with the blood-plaima concentraton of P4H the valoes were
wmserted in a co-ordinate system with Ty ypas the ordinat  and Pp pand the
rato load Ty, respectivey as the abscima (Fig land 2) It will be seen from
thaae two figures that there 1 a tendency to falling Ty, w thrrung Ppyor
nungload Ty . The values g en in F g 1 were treated stathuscally by regreswon

nalm Tig 3) To find out whether the regresion was Bnear the matenal
» 3 grmped in such @ way that? e g et e precmon of § regi 100wl
The Tevariabie is called 5 and the dengnation x 15 used for the mtegral part of

PUI—10 5 The reqremion analyns @ e the straght bne 1 = 2568 —
070 and the standard deviation around the Lme 8.91 Th present matenal
docs ot show a ngruflcant devaauon from a 1 near regresseon, that 1,  lear
Tegreninn o accepted A test for ngmuficance shows that the regremon cocffioent

daergn ugmuficanty fom 0 that s,  hypothans of a negau ely nclined
straight regremlon lme iy accepted
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B‘-u
L%
-
3
x -
» v T -
- .
L4
LI R N . T S S
’P-I
Fig 1 One bundred Ty, ™ th variows plasma-concentratiom (Pp )

. gr-dercrmadnarions
Tmpsq b ghen Io mgtminm® sxnd Py b mg/100 i,

e

Fig. 2. The me Trtp (g-drtermunstions & b bg. 1 now i regard # the ratlo knad, Tp s T
s Sowert walues for T g /hugbent baad Tp g/ Ere nosincluded. Tomp g b gri e b g e
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- rd -

1 Regression of y om &, where 7
Pl oguatil S i e

uH—lo
vyl pat of ————  Ppux s
ﬂvmthIWmL . o .

To emable a comparnon between our results and those given by different
authors we have calculated Ty for those values which were obtaped at a
tubular laad{ T, between 1.3 and 4 0. For 46 such observations the mean
valae for Tp s 25 43 with standard deviation 7 04 mg per mlnut per sq m,
oc 1.21 with the standard dewation 0.34 mg/min/kg

Table V records the afore-menvoned negative 7 valuer, The possibility
that these are doe 1o some analytical error cannot be excluded, although there
is potlung to suggest such an aror The occurrence of negaure Tovalues
would mean that some part of the filtrated PAf a3 well 1 reatmorbied., Schachter
and Freinkel s theory that self depremion would be due to reversible inter
ferencees with the mechannm of transpart 10 the t bules b, however supported
by Mupox and Tacaarr (1950) who by dmunsstration of scetat  were able to
control this self-depremon and rame the maximal tubular excreuon, Since the
Ty, g-determinations reported here were done n cocker spanscls, the question
arises a3 to whether this Lreed reacts 0 a specific way In a serics of 16 dogs of
v nous breeds, however th results of 23 Tm-dcterminatiom at arious plasma
I s of PAH were analogous to those reported for cocker spanchs,

Discussion
\pesthetized dogs were wied n the studres. Deep ancuthesia for a pralonged
perrod may probably deprew  ertain bod ly funct om, uch as temperatur

blood-presrure and, a1 a result of th altered blond pressur  cnal function a3
w 1L
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Tabls IV Tpan ! (Praut) end vetm oad T
T s ghoe st mg wen'n and Epep gl 100 Al Srpmber o e a1
Doy | Tyan Praw Load/Tpan| Dog | Tran Praw Load Ty oy
12f mum B0 150 {561 a7 mat 953
04 1817 157 65 1389 84
1486 Eath s 2538 3187 It
1884 404y 5B 1993 pre ] it
1747 13.0m 47 ni6 nss 1.5
2403 3397 253 e 1670 53
34 6373 87 3435 78 13
12023 5261 733 s34 1667 12
13 mes ny 168 Ino1]  trse 47 e
2464 13353 156 nzt 5845 273
L1 4167 312 g 76482 56
1564 =0 1t 2058 @ (5.7
013 4251 350 Iy 74 (3]
1764 3167 203 1325 %6 36w
1920 5418 74 772 15y 3y
1508 e a4 a2 018 b
14 4150 0 fno2f W 2050 256
3188 1750 150 b23.0) 338 i
589 6430 13 1460 210 1363
138 1 4201 wa 7?50 1781
3030 643 433 138 3440 A
%59 3428 40 2387 nn o
E1.4 a3 319 1587 2739 380
71y 015 450 2163 s252 w
| s 155 roino3p sy 7300 u
181 M 337 {31 Ao S8
1884 n [ FL 3 3% (£1
1095 N7y 101 307 1253 [
ns A48 178 %.18 w7 ot
ns (3% (341 nm 1358 T
o1l nes 5730 544 v oBe 1187 153
149 4667 ¥ 1 1233 it
no 438 508 v ozm 0 34
350 wo 1781 WH 3424 b1
017 1050 sa1 #77 L2 £t
#m 1587 217 ™87 2757 ~AT
(2] W o5 537 004 13
b 1797 6500 613 307 [1¥.d 058
) P e 4 oM »7 s
1391 5 783 ne7 1754 14
w4 un 181 vosf M3 €11 123
1221 718 91y i 5268 -
HI~g € % b3 219 un 150
751 1013 3m 193 775% L
nn 833 e o) s 5843 o
1 os] s 1533 433 o e i“
.0 nun 59 2548 » 1 ™
1 2088 26 unn 1 o
nn 1.5 10 03 0% n
%1 -3 200 37 xr
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Tabls ¥ Closrewcy redws1a dogy mck xk 2 ebartatwns wiuck poxx mpetin Ty o

Doy n K]

f1 1 u 1
‘!‘3‘0::’-‘;{::- o ™ osp¢ | esmf  osm 052¢
Porkd {umisniies) 100) 220} 1(13) 03)
Dueresie sl iz, xS 043 031 LS
Urine conceatration of 7172 mg /100 mt 60 700 | 200 2350
Fleusa comcentration of £-Uf g, 100 ! a5 | 6346 w7 my
Filwasion rawe Cry mbfenia, » % 7 35
Renal phweny fow Cpyy mi/min Mexn valoe] 157 157 B ™
Tran wg/min ~1¥6 | ~i99 —28 —01

Concosax and Paos {1913) state that anesthena induced by pentobarixtons
wodium does pot anfluence the clearance of inulin and diodrast, but that a
slight me of she artenal pregsore nould ocour Casm Visesxn and Howex
(1948} bare ttudied renal function s the dog under etber and oy clopropane

h Wth hght b renal fimcnion 1 not affected, while under
heala t 1 reversibly dep d. R ¢ &l (1949} kave shown
that barheturates grven Ly produce fist hypotension and then shght hyper
tmm,&uxmuui&mm(lsu)mdnthnmerab«pnmd‘
m:ﬁmhdoreddmnundnpr&mgedmmu]mm&umdbypmm-
barbitone sodsum.
mc&qd:nm)mmrmﬂfmmuthmdmmpmthcdepmo{
ancsthens. fn the peescent expermments mebumal was used 21 an anesthetic
\ery hight sleep way nduced and ts depth was checked by the & eclonre and
toe reflexey. Such heckiog will, of cousse, allow some subjectvity A fact that
Mmmmmcwmmmtdw-md&dmdmmml
fanction i that the learance obiervations were ot continned for move than
two bouzy, what 0 the Tw-determnations, which were always done fromedxiet
after the clearance sests, the dog were kept anesthetzed for about 3 hours
Gravsn and Sraawr (19327 state that n deep and prolouged ancxthena
barhuurates do nex affect gomerular Sliration but redice totad plawa flow
Accordingly w th uch an effect §F should morense In our experiments the
fltranon § action was throughout very covatant duving the different dearance
penods, and, therefor 1o infuence whatioever can ha ¢ nterfered wath the
determinatora of € and € ™

Gravera and Serxtar have thown that baststarate
houry dews pot iy dve any sk of depressed renal function On the ather hand
Worre, (19357 and ST omyy (1958 & and b ha e demonstrated
Tw . mnder ancrthena nduord by pentohartione and tha

ppentone sodium
The Ty p adurs g e by Sromes were, howerer even for unanmbeized

anesthesianot exeeedmy 3
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dogs lower than those obtaimed by us. In our Tm-determinations the ancythesia
lasted for about 3 bours and was very bight.

As regards the arterial blood presure we found full agreement with the
studies by Rnaxoroxn of &f (1949) As has been reported in an earher paper
(Asszny, Horanors and Pramon 1958) the blood presure was on sevenal
occanons alo measured before the induction of anesthexia wasr started, No
mguficant differences between blood pressure values before and dunng the
ancsthesia were noted.

One duadvantage of mebumal 1 that 1 afcohol which caumes 2
tendency to | Iy To dt h h Iyns the coll d blood specimems
were treated in a special way &3 described previouly

The values for €; and Cpyy obtained from our observanons are in good
agreement with values reported eardier by Hovex (1948) and humoex o o
(1933) among othery.

Concerning Tavanatoms in dogs the literature contams very spame st
tstical data with varying resutts (Mupee and Tacaart 1950, Surrr 1931 hot
rexo 1939) The results of our studies dsaffirm the occurrence of truly constant
Tmp yvalues o dogs, even though the playmalevel of PAH i3 kept within
accepted lumity. Instead, 1t will be scen that 7,5 approaches 0 as Py .
Thes phenomenon, m the literature referred to as self-depresmon, has beea
discumed by several authors. In cats Ecorrrow and Hanm (1930) were the
finttothow suchadepreson of T,y at plasma-P 4H concentratrons exceedimg
30 myg per 100 ml They conudered that th depreswen was due either to 8
tack-diffunon m the tubulbes of PAH or o a tonc effect on the proxmmal tubular
cclls. The value of thelr study s somewhat lemened by the fact that thelr
observations were made at rapdly changing plasma concentratrons, which
= a well d d aruze of dg J v ot &l (1953 have
confirmed EocLeToy and Hanms s results by showing that m the cat there 52
complete inhibiton of the tubular at plasr jons of about
20 mg of P1H per 100 ml or 30 mg of D odon per 100 ml. They abo found
negatve Tevalues, which was consndered o suggest a reabsorpron of PAI and
D odon. In smilar experd 1n rabints miubi af tubular excretron was
not noted. Scaacicrer and Freoekey (1931) have demonrtrated self-depression
for Tmp 4 tn non-anesthetized dogs. They hold that sclf-depreswion can beseen
or fail to accur on different occanom m the same ammal They awume that
the sclf-depremeon 1 due to reversible merferenes with the tubular transport
and not to back-diffusion or (o toxic effect. They conuder that sclf-depresmos
occurt at 8 rato of load Tp . that & hugher than 6 and that the defintte Trpa
should be caleulated from values obtamed at load/ Ty, between 1.5 and 40
Sroxex (1938 a) 10 a recently publshed study on T, e n dogn b
demorsirated that selfdeprernan ocours earlier (kaad 77 = 4) wnder pento-
barkitone anesthena than in nonanastheured doge. 1

Baxczav Cooke and pr Muxaiy (1950) have noted reabrorpuoa of P
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and Diodoa from normal kidneys in man. Negative Twvalues in renal doense
both in man and in dogy have also been reported by wome authory, among

others Joszrmox (1947) Josersoox points ent that Eoguatox and Hases
revalts In ents can hardly be relevant to mam, mnce such high blood-concentra
o are not med for studies o0 man. There n no coacluuve evdence of the
eceurrence of selfdepresnon m man {Jowrmox 1947 Jornox & o, 1932,
Joszrmnsos and Ex 1938)

Povinew (193] n studies on orwr, has obscrved 8 lowering of Tm for
Dhodrast, when the tubalar load o Increxsed to such an extent that the rato
load|Ty cxceeds 3

The relty obteined in our kudies of T, inSieate that the masdanad acthve
{ubular exeretion in dogy weder the standardised expemmental condifons
}ﬂghbnqmg.\&:hw\hmmnﬁmxd&mamxnﬂhm‘soh«w»
tioen

In 10 these authory, bowever we
ht\'c\hmml!utlcmmxm Ty gy CROTOE be oltamed even ot o cortaln maxmal
of PAH Scdfdep bepnt to occur even at the

luan{Hconcmntmm conndered necemary for achieing & sufBaent
tubular load,
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Electromyopeaphic Findiogs in Experimental
Botulinum Intoxication

By
1.0 Joszrmoos and 8. Tmsxry
Receied T8 Sepaersber {963

Abstract

Josxrmre, 1-O aod 5 Tresiare Elcirsepegropic foadiags o xper
sarubal Sebwiveem e nesiwn. Acta phywiol. scand. 1961 57 163168 —
The clevtrscal sctrity of botulmom intoxicated skeletal mancle wxa
camined fn the rabiat by the use of dectromyography 5 10 6 days
mmwwdwm&ammmm
appoared and penated foe o perbod of at lesst 63 davi. potcomaly
were sumlar i wplitode sod fune conmee %0 thase recorded followsng
L g Botolimsm bowever & known mot to

affect the morphologhed stractire of the motor nerve and sty teroamasl.
s olke scv100 10 b block releuse frorn cholinergh
neny endmgs. Our resulss therefore supyest that 1 nerve
hack of tramumatier u peomanty for wmutistmeg the
procem whach produca the chectrovyographe pattern typiead of
ton-
Dexensvauon of & motor nene » g it d with 7

mddnekcmmllnmwdmmdcﬁh’ufanpcrmdmudm
uon, the temgth of wh b anes from speciar w speaiey, there 1 no actnnny But
Afterwards there ooty sportaneous actan potentals of shoet duration and low
voluage (0 53 maee and 50—300 4\ ) These potentiab are thought to anise
G ougle moacke Gheey, and are coffed Shaaifaton potennnit. Generafly the
smwchansal actn 1 produced b bellation o 100 feeble and ayynchronou to
be mbie

The fibailanon sctn ty of hromcally denenated muneles s likel o be due
U the abwene  of some mfluence exerted when the motor mnervavon o miact,
The purposs of the pecsent mvertganon has bren to determine w kether of not
the  lease of the chemucal trammitter  gens prov ded such an mftuence. Lie

163



164 J -0 JOTIISOY AND 8. THELYIT

200
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S0misc Imesc

wmmd:a{bo(ulmmmxm.‘hkhhubccnﬁbmmmprnmtlbcrdme
of acetylcholine (ACh) from cholmergre nerves without caumng degrneratios
of the axs cylinder or the nerve termunals. (Awsacnx 1949 Bexorx, Drcuass
and Zamax 1949 Brooxs 1954, Thesierr 1960) Jt will be shown that m
botubnum micxseared muscles there occur Sbrillation potenuals smlar o those
m denervated mindey, and that, quendy M neave deg lack of
transmatter release u to be conudered responsibie for the spontancous acinity
of denervated mincles.

Methods

A powdered prepanatxm of (L botalmum toxin typr A with & mow- LD, o 00
g was med. 1 mt of the tonn war dosobived m | ml of serile phaphate boffr m

describd by Awsacstz (1949 Furiber dil uorm of the texun were made from tha sk
solunon mmmedmt ly brfore e, A frah tock sofirton was prepared for esch dny
apenmeoL

The 1oun, o amrounts raagng Gom 007 0 0 ] 4x wa inprcicd m dnded amomts
015 the minculature of the hind $gs of 22 rabdata, 14 1th thow dows and mode of sdmn-
piraton the action of the tron was confinrd manly to thr o1 of  pplxatin. Geomak
wed fotoncatom wer onh baerod with the bughest dos- of the toxm, As dracnbed by
Guyzos and MacDoverp 1947 and Taoury | X0 the neuroomoruler Bock pre-
daced by a smpl dose of botulinum toun rraches st maxmmum m - bout § day, aod
then remam 1 comean el for priod of s erad month,

For the scatc nen was cut 1n ™0 ablen, produciog  ampdt Do
denervation of thr bind b Mt o da miervab for & prrod betwern 3 and 8 withs
afier the sdminitravon of the toxm, or th denervatson procedure the brcmeal scumity
was recorded o the band Ir by the we of bctroan ograpin

El-ctroay cqraphuc srconding was made by coaeentei predle dlectred Dua 20
sbunted by 150F (100 wr  The dectrode was onnected ihrourh an xmpfeo
(Gasmodd P35 1o athotrrs ouilloscopr The potmtuls wer pt Agnp o
sizgle succemn e mmeepr The mplitude of mrdividual potenual wa taten m—uy*‘-;
toprak valuc dewnunnb'wmu!n-mu,»muldrﬂmbwi
e fin~ and the poun  t which the ~rmoal defi~cvon nmrr(mw-dvlhclﬂ"w:l

1 oderto tod i repoows of bora oo nooratrd moxda My o T
wax mtrodierd in1 the ilise arton Through thin cannula iotra-artrial reiom
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mxm«m

ot woboaper of recmrded
n:mlom;oemfzu bocriern sdraraosron Aand B or
= dn:;;m-n Caond D Thegrapte A sexd C wore 2rerved froc 0 pocentas R, from M-

ACH wire made m # volume of 0.5 el Elecrramvopraptc records of the rapacse of e
thalbe antenor mosche o the myecoos of the drog wer made aomiaceoudy with &
secord of 0 bometrc crmon repered an 3 Goam model 3 polvpraph

Resalis
Abowm 5 daxs afier the

of batalt aTm
mdmwmnhdhmmmdmmappm:td.&&
nme tune a desynchrocizaton and a rede and ltade of
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200

motor i potentials occurred. After abour 10 davs of 1nto
mxpo‘xcnmhuarrrphctdb\ potenualy of the fibrillay

thes sob d throushom the enure observat
Thtdn'mhmomd‘dmmmandm‘ ~rs of such pot
2 A and B To excdlude the pom t xmall mot
mcluded, the soaue nenve was It recordm
that the doranon of the poten roum o
between 0.6 and 2.4 muec, and 1 xmplit

In mttances of slighn miowea frequeml
wnt potennals were present (F e, follk
Lauen, baru of nngle potentz 2ddo
were recorded Frr 4

Anmas whreh did not rece m,

anues the saauc nerve, sthow £

the operavon. Ta distributioa
potentals are shown m Fig 2
Ther mean duravon and arp
correspond to the 1.3 msec and
potennaly in boruling= mteorat
Brov~ {193 and, sulsequer
shown that close artenal oot
malian mocle produces an electn
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5. The respoosc of the tbiali ant. e to [ntra-arterial incotlon of ACh 16 day afrer
T it of botuTimn s, Toe woper trocsng sbown the electrical acth
ruxcle and bn the bower tracog ita mmummmmmlhem.

—-——

haen 60 pag of ACh wam inpreicnd frto the Tlec artery Tlme scale, 00<

Ch 1 of botul. poisoming 1 a lack of transmitter release fram
cholinergic nerves, while otherwise nerve and muscle arc unaffected by the
toxin (Aumacsr 1949 Buxoxx ctal 1949 WaaorT 1935, Brooxs 1956, Steven-
rox 1958, Lasarcea 1959) Recently hata (quoted by Trasesr [960) hn
demomstrated that the oltrastructure of motor nerve termmals & unaltered by
the toxin. Thm degenerative changa m the nerve endmgy mmilar to those
described durmg Wallenan degeneranon (Brexs, baTz and M 1960) are
5ot obeerved even after long-lasang and complete paralym produced by bow-
bnum tanm, It & comsequently ressonable to asume that the tovin hay a selectrve
mode of action, and that Its nte of acton n at the mechannm responsible for

release from chol nerves (Trowor 19603

A3 thown by th  present Im the ¢t findingy In
chronic botulinum powoning are almost rdentleal with those found following
motor denervation. Typcal and almost ugnfieant for chronke
denen avon are fibrillanon potentiah (Drxxy Browx and Prcoraackes. 1938)
These potentiah were obeerved in botulinum intaxicated m ndex. Smee, ax
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mentroned, botulinum toxan n without effect on the morpholograal structure of
the motor nerve and its endingy, the concluson 1 that In perve degeneratan
lack of trapsmtter releae w, primarily respomiible for itating the procen
whch prod the ¢} graphic pattern typical of denervation,

Acmnpmmuxkuf\h:ﬂaﬂﬂmmtypchmbcmdmn‘bcduocanmg&n
fetal muscle before 1ty fimetsonal innervation (Mampuecr 1959) in adnl
denervated muscles, and now in muscle mencated wath botubnum, It
interesung that in those three conditions the entire musele membran afyo hasa
hrgh and uniform semitmity to ACh (Diasosm and Mrixmt 1959 Axrimovand
Tuarnxrr 1959 Timsierr 1960) It 1 therefore tempting to asmume that the
spontancom fibrillatron activrty m 1n some way correlated wath the ugh chemiea!
wenntvaty of the muncle fibre, but such a connexion remasms to be shown expen-
mentally

W arc indebtcd w0 Dr § Krrrm, of the Microblological Resesch $aation, Portos, Englawd,
o & peorrom mpply of botellmum toain and tocokl. This veshgation wae aided in part by
Unhed Suis Publie Hallh Service rosaarch grant B2646 from the atlonal Inetitmse of
\eurological Discases snd Bindnes, and by grant from the Afscular Dysrophy Anociatinos of
Amerien, Inc, und the Al Rocarch and Derclopment Command, United Staics Al Ferce
theough bts Earopean Office.
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Cineanglocardiographic Studies of Popples
and Full-Grown Dogs
Br

Pre Guonar, Lro Hmvoxeyx and Trouas Proroxee
Reven ed 24 Septomber 1960

Abstracx
Camwx, P L Havovsw and T Provowex.

dog.
wrick were caboatuted uiing 33 filo, oxpored st rare of 48 pretores
Pt second, The wroke olume and reddual blood  clume were exlcu-
Gated frn the vohume corees The atroke  olome talcnlased ma »
mddxmamwmmmwhmma

sumber of Bewrt cycles which it ocoupec, mav be mamby doe W
derrense of e stroke volome b relation W the body weght.
Cmeangrocardiography b 2 mscfil method for stodying cardac dynasmucs,
A shirwn 1 2 prevaony paper (Grase et sl 1939) 1t 1 pomble to calculate the
mnkzmd'hcmﬁmlhhodmlnmuohhe\d&rmtmﬂz.thewdmﬂuxpm
wnd the & tume from dsograms, recorded at a
hizhmcdmtngﬂxmd&oodmngnqumm\:nﬂthrmgh

the heart caviber. In the present prper ancangoardwgraphe fodiog m
young and full-grown animak wre compered.

Methods

w o expermeial anmmals
6 puppecs, 3ged between 63 and SE dan
lﬂd“’d‘bn'la 46 kg anxd 20 fullgrown dogs weghing 7~ 19 3 kg
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Tads I Dovetue of voriaxs phass [ tie meckancsl heart otis v patres ond full-proces depr

Cycle leagnh i Droreerle contraction

el e % ooy

2-3menb poppe (9 aperit) w321 4533 148+ 07

Fuli-grown dogr (13 experym ) 410 13 6023 146208
The znmmals were hetieed with 20 b injection of Nembutal. The

ducm::dbmwmwm;mkxdbody“eqht

A Courmand catheter or 2 polverhylene tube way introduced through the extzrm!
Jugular vein mio the ngin besrt. The nfection of contrast maedium (Lrografin 76,
Schxcrmag-Lerra, 1 4 mi prr kg of body »orght) was performed with a Gidiand autosists

pecture mariang
The diamrctery of the keft atrad and of the keft entncutar o Bes could be pestored
framme afier framie from the b and therr ol 1 be cal f by sbe formulx
given by Garmex a1 af (1939

Resnlts
The heart rete was shghs higher ip the puppars (183, min.) than m the full-
grown dogs (169 mun.
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AMerns - arer of Ut meers

Isowctrke relandion Filllng

rowce % of cycke e * of cycle et & of eyele
Ly =maLy 7645 Nk LE L ¥ %] 241217
oI 208128 015 [-ZERE] Mrrls | mse2s

The varsnn phases of the mechancal aardiac ¢ycke can be caleulated with
sufficent accuracy by studying the films. The phases of the heart cycle arc
presented in Table I Th greatest difference bs observed 1n the filling phase
which is both absotutely and relatively longer 1n the full-grown dogs than m
the puppeer 1 75 times 23 long m seconds and 1 45 tmas as bong when computed
23 a fracton of the carduc cyele. The mometnc contracuon and relaxaton
phasa expressed m milliseconds were somewhat fonger 1n the fullgrown than
in the puppees, but the eyecton phase was of the mme length m both groups.

Laft wentrcular velxww curves foc the two dog groaps are shown in Fig 1 and 2.
The curves have beent dmwn in th correct ime relatiamhip to the smultane-
omly recorded o

The revalts of the volume measnrements are shown m T ble IL The relanve
oad-drastslic owhome (m per milke of body weight) was ahghtly but not mgmficantly
larger 1 the puppues than i the full-grown dogs.

D08 2 AG
HEART RATE 10/MN

LY volume

8B oR

LA volume

[ AL - )

S S S AN

al sec

2\ oloree
\2 Yopimme curvos of the ket beart of - flk-grown dog. Tote (e eogth of (be Siling phax:
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Tale IJ quwqwmwuwmm
The mumbers i parcuthoc give the rEnges

Antmal Eod-drasollc Redd | Mroke vobume Heart | Simoer
roup voluroe wal e vdhme
ot e R ] wolhow] % of =ik
end-cia- b
{=0) atolic
wolume
2-Smomb-{ 48 11355013 1 i
A pppies {4174 weamlasinfinsoiofmrsio|mer] o
132 313
Fadipon | 129 p2tom] si | va
dog 3.8-255, 1 100539-1554073:004] 604207 ] 1692 5] 1n
780

The strobe vefine relative @9 the body woght was 123 per milke of fody
waght for the puppyes. A companson of the stroke volume of the puppss and
full-grown dogx (073 per mille) led & 5 o il
0.48 A 0] per mille} b ancreauny age.

The stroke volume expresed as a percentage of the end-diastolre volume
deereased clearly with age. The difference in mean stroke volume 1 sugnrdicant
between the poppies and full-grown dogs. The stroke wlume was 77 per cent
of the end-dustalic volumen tht puppios and 60 per cent m the full-grosn dogs
the difference n { £ | per ceat

This means that 1 rendeal blond velimw expressed sa & pereentage of ihe end-
dugtobc volume wis tmalter i the younger anumals than n the full-grovn
ones.

As seen froem Table I ke semts rabione per kg of body werght was larger in
the puppres than m the fullgrown dogy, the mean valve beng 225 o foe the
former group sad 124 m) for the later group

T pulmanry curculatoon rotes exprevsed as the pumber of heart cycles are éhonn
in Tabike 131 The mode was obtuned for two-thurdy 1o 1hree-fourths of the
anymabs in the vastous groups.

The denatons from the mode were not great. The number of beart bxatr
treeded to force the blood from the pr ! part of the pul y anery ©
the left atnum incrensed wick the age of the ammak.

A comparsan of the anpocardioqraphic flms,  electrocardsozranm and
presmure cunat showed that les, which ase frequently seen nschtet ©
anpocardiomaphy had no, or anly & tiight, abably to tramspost the blood 1512
mmmmwwwdﬂmmw.dunmluud
she teft ventricke reveated chat the first beat alter the extrasyatole tarted froma

(or end-danokic volume and resuited m 2 greater troke volume than the

beah before the extranmole
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Table ITL. Pebmanary circalatren toauct ix scwnds end in munbers of heart gycies
Extrarystobes are indicased by

Aximal growp Sec Sumber cfcyches | Range
2—3 month-okd ppples 19 2+ -2+ )
Frkgrown dops 17 4 ‘-3

The occurrence of extrasystoles did not, howeyer lead to any uncertunty
in the reosults of the expermments. In the pupples the pulmonary arculaton time
never exceeded two heart cycles and an extrasystole, but In the full-grown dogs
the circulation tme was 4—5 cyda.

Discussion

From the results prevented 1t appears that the relative stroke volume (asa per
centage of the end-diastolic volume) decreases, and the rendual blood volume
meremses with age. The niroke volume b+ a most mmportant indicator of the
heart work and scveral frvestigatons have studied the stroke volume m adults
and children. W th the d of d by it was pomible
for the fint tme to determine smultaneowly the stroke volume and the
smount of radual blood m the left ventncle. The method was oeed fox
studying the volume of the left venincke by Ruwoos and Trar in 1951
and by Cmarsax and Baxzm m 1938, The former did not cakulate the
volume 23 such, but med the venincular area in a ungie planc &3 an mdex
to the volume. The ktter presented both the method and the remulu from
two cases, dog and man The roults, bowever were very different. The
rendmal blood volume was determined to 15 per cent i the man and 65
per cent m the dog

Determumtions of stroke and residual blood voluma m full-grown dogs
have previomly been peesented by Gamne et al Good correlation between
the Flck diect method for determinmyg the mmute volume was esmblished.

Until now no resuts have been pubfished on comparatve studics of the
renchual blood ohume between follgrown and young

differenee demonstrated between the relanombhip stroke v olume/

the heart rate (Roox and Scicamo 1956)

The araulaton tme has been docused only 1n a fow reports
I 1977 Bresaant and Wrm employed Radium C to determmne the pulmonary
crculation time m man. They found the average pulmonary circnlanon nme
Inadulnt be 6.3 3ec or 7-8 heart beats. In 1933 \exa et al. wed Buorodenso-
graphy for thi purpose and obmerved that the crculation tme from the right
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mﬁdctathclcﬁwnmd:nkn4-ccm3!f2hmnbmummnm¢ In
1954 N 127 d the 1 tme from che pulmonary artery
to the left atnum In full-grown dogs by densstometry and fouad it o vary from
2.1 10 3.5 3¢, It can be calenlated from hus fgures that this corresponds spprosh-
matdy o 69 heart beat, 11 53 possible that the first sigm of contrast modium
are ween earbier in the left atrdum in angocardiographic films than they are
oberved by the above micthod, and bence tha may be the reason why we found
num.ﬂunumbcrol‘hun baumw:dog-ma. In connecvon with roenigen-

phy on man Janxzx and Hartessacit (1951)
obwerved & pu!monuy circulation tume of 3.29 sec which correspandy e four

heart cyclen,

We were unable to find any informatron from the lierature about compars-
tvestudiaof the pull y ercul; umcm“" age-groups Ourexperi-
ments showed a profongasion of the p it time with advancing
-getndbodymc,notun}ymurneunlubutdnwhmﬂwuupmdmtbc
number of cardisc cyclet. Tha prolongath b bl d with the

change with age 1n the relative stroke -o:umc ﬁcmnum&cvdumm
0 75 per mille of the body weight for the fullvgrown snumals, which wis 40 per
:mxlcwtrdunthemunnmkc ﬂumc,ld}pcrmﬂk,fonbcpupm

Other facton ¢ ¢ pul Yy vasculas 1 y blood preprure
short aircwnts, blood volume uthtpulmauuyvmhnndv.bcrchu\mmof&m
heart and lungs 2t anous ages may cxert an influence on the pulmonary
arculation tme. Thus study could not take into sccount the posible importance
of these factorL

This work has been sopparted by gran {row the Saomven hulttwenrahaste
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Effects of Intravenoas Infusions of Adrenaline
and Noradrenaline on Certain Psychological
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Abstract

Fraocomaxoss, M G, Jinrr and G mn.u_ﬂwhq{bﬁn-
Crarm ificrions of adronaline end mcedrrmaling o cericin percheleguel ond

Hhronlegical fumctwes. Acts phydel. scand. 1961 57 175106, — Eficets
o intravenoady infsed ledremline ( verage dose 14.9 pg/min,
vernge tnfimon tmoe 3 7 mun) sod boorsdreraline (average dose 16.2

ecoompanyng
m‘{wmmﬂlb’&dnumymmcom

effects on

Th:mnlnnmdd:emcqxrhnammmnndycﬂ‘ uuﬂxm—uvcmml
(nfascd wd ec y

oo certaln peychol
measured by obyective techniques.

a

Though the general effects of ified adrenabine oo phywalogwal
procees
mdcmmalnn:mwdlhwwn,qunﬁnuved:mumeﬁu:uonpa{nrm—

173,
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ance arc sarce. Jrwsnn and Trostas (1931) examined the effects of sub-
cutaneouy injections of adrenalin hydrochlonde (04—0.9 my) and foond &
:hghnmpu-uvcmem\nmmormh(nppmgmdmmgmufgnp) bt no change
m other prychologpcal fimenons. Laxon (1933) investiguted the influence of
subcutaneons miections of adrenalin (1 mg adrenahn hydrochlorde, Paske,
Davi & Co) on complex muscolar actmty (dart throwang) expecung to find
an mparment m speed and aceuracy but no change conld be demonstrated.
Basowrrz ct al. (1956) found 1hat motor performance was ngnificantly me
paured during pralonged mtavenms adrenabine mbmion st 2 low dose kevd
E;_pgjkgbodymjhr) whereay perfoemance i other types of tasks was bk

Pyychalogical effects of noradrenaline do not seem to have been studied by
quantitative mrthods However 1be general opimon, based on obaervavoms
and intropectrve accounts of subjects, appears to be that noradremline does
nat camse marked paychological changes (¢ g Swax 1952)

Data provided by studies of performance m other types of strem-utuxtion

{failure strem, task-induced stres cic.) do not present & clear pleture, The
problem 1 highly complex and 5t v endemt that stress may both ud and
wnterfere with periarance depending upoa a mumber of factors, such as the
degree and nature of the strem, the type of poformance a3 well as varkms
persomahity trauts of the subject |Lazaavs, Dense and Osiax 1952, Steonmo
1950)
Some of the mental svmptoms commonly occurring durmg infunan of adren-
aline, such as increased mental aleruien, may be axpected to improve per
formance, whereas otliers, such m severe anxety may be sccompaned by
a derenoranon i perfornance Henee ¢ did not seem ponsible 1o make pee
dichons as to sprafic effects on performance Nather could such prediction
be made m respect of noradrenahine.

On the baxs of these o the most adeq mode of approach
seemed a relatvely broad, exploratne study which would provide more 100
formaton &y to the cffects of these drugs on vanous aspects of behaviour A
banery of 1es1s was put togeiher winch mefuded 1amples from several areas of
prchol ] fi poych performance, power of copcentrabon,
memony span, word fluencs ume esdmaton and a colour woed test.

In addstion, beant rate and arferal blood pressure were recoeded and arinary
excreuon of adrenalme and noradrensline wat exrauned.

By examuning cach mubject durmg infunon of adrenaline naradrenaline
and Runger 3 solunon (controd condivon: 1t should e poadhle o drtermne
if certamn aspects of bebavaour are partcularhy senutive 10 the drugs. Fusther
more the comcomitant phvsiologeal recordines should make at possibic t@
relate phymological and psycholoqieal data to cach otber Henee the informatiod
guord by dmcecpnmmu;hwldprmﬂcthentcmryb:mfor(m}ﬂ
mm;gzumonm:ptﬂﬁ:pmblm
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Methods

Swfects
Hxnnlenmmrym:dcnnp-mdp-udlnlhcapedmmu.mkagunmdhe

tween 19 and 31 years (svorsge 213 yean) and body weights and heights between

63 and 71 kg (avernge 67 7 k) and 177190 cm (xverage 1822 em) respectrvely

avions
wm:dmlmhu-ndphcrtn-oluﬂml\mm- continuom L drp during
between

ERRATUM
Vol 81 Faxe 2—3, page 177 lmc 8 2 mg, read 2 g menny of an

A percuts-
3 Statham

cymographi~
aal moattor
1 be reed at
arTy ume oo toe GowmoTcHameter gL
L rnary cathuckels. Immediakcly after vulding, the wrinary volume wet meamred and
PH adjmated to 33 with N HCI Specomens were then nored t + 4 G until analys,
whuch was o wmg b {Ecizx and Lamajxo 1959)

Py chelagical Larables
The et battery comprised 7 taaks, which were alw yx grven m the onder lhted
belom

100-7 test. The taak waa t© count backw ards from 100 by subtractmy seven esch tone.
The score was the tmme taken o complete the count.

Tepmag ypucd. The task wes to t2p &3 rapacdhy me posmble w th the right band index
froget an ke conmected to an et counter The acore was the umber of taps m
30 ace.

T sstumsiven Prescnie and past time atimatas of 4 tme panods between 9 and 37
e were obtamed untg the method described by Fraverxianmo (1959 p 38 fT)
Foores for present, past aod retiined tme were cadculated (cf. Frasaomamn sex 1959
P 40)

Colour-wcwrd w1t Ope part (card C) of the Stroop test (THomsrowx and Mrtiram
195%) was used. Thes conmts of 100 colour words (blue red, yellow green) prmted
™ random order o6 gray theet. The combenanon of words and colowr w mcoogroent,
0 that the word  ellow may be coboared red et The task o to aame the  whaw of the

Ppemt, woormg the word, &1 quickly as poatible The score was the time taken to com-
Phete the task

Nor Exacha come ASTRA, $3dcrtalfle, Sweden.

1 413015 Acta phyciel scend Vel 51
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Terd Sarmcr The task was 10 wnile down &1 many words a3 poadble that start withs
1 and end with «. The time allowed was 3 minutes and 1he acore was the namber of
words correct.

Atorroe dranong The taak w2 10 move 3 Ayl along & track cut out in a braw plate 0 a3
to form & S-pounted star This tack was visible only in a mitrar When the sty hn touched
dxmngnnorth:mck-drmtmmmple(cd(hduﬁhmanwm-.
Heserx 2od Gearr-Lowxvevie 1960) A thoe score win cakulzted as the mean of the
time taken to complete 4 comecutive tnah and xn erroc score s the mean thne of contact
between stylur and mamnos.

Vimary spars. The taak was to repent digits read by the cxaminer a) forwands, and b
backwards, The scors were the mwximtm number of diylts correctly rrpeated

Pegwader tert (Domtuax and Skiox 1939, po 17) The ek was to move tobbed
pegs from one side 10 wnother of a drified board. A washer had 10 bo frtted on each py
before it was repiaced oni the board. The time score wi the Lime taken 1o move 50 pegs,
sad the error score the mumber of wiahers and peps dropped.

Each subsect c@me to three experbnental sesdons, in whith imfinom of adrenaline
porsdreoaline and Rmgers solathon, repectively were gwen, The procedure was
caactly the mme esch time and the rubject did not know which Infution was girea
Each subject kad hs three serdom a1 the same e of the day and the Intcrvals bernees
seamom ranged betwern 5 and 8 dayr,

1a order o counterbalance effects of pracuce on performance and of general adpst
ment o the cxperrmental stuaton, the tiree condiom wer  rotated s follow.

Subjrt Semca 1 Somean 11 Semaon 111
! Adrraaline Noeadrenabne Ringrr  sohution
2 Noradrenaline Ringer  wolutioo Adrrraline
3 Rowger  achation Ads it orsdrenat
e

That dexign was repested for the three remaining whrects.
Luder emch condition the proctdure was a1 follows The subgect cmptied bas bladder
were mad for DI cnow mfiuon and rocordiog of biood pressare and
heart rate The firs sample of urine was obtuned afier about 3 hour when all prepata-
thorm for the expeniment were completed. The mubject was comfortably sexied and b
ability to move b arms and hands freely and w thout pam way hecked, 11 was tokd
that the wnfumen »ould begn sbortfy and smhed 10 report am . mpioon the
(Measurmyg umis and infinion aggregate were placed bound 1he Abes 50 23 1o proven
fim from foflow ing (he procediore Some memutes ater the nfiaon was tarted wpbost
further minouncement 1o the Aibgect. \ few munutes after the mflion had bonm the
gy cholomcal eratng ot stacted. T was completed m boqumummqmnhk‘li:
infinion was fmocdiaely mierrupted and & wcond maple of unoe was dieried bt
smopie represented an 3 crage wpan of 40 mmuter, The utgect wr tokd 1o ¢l w
the recording: of heart rate and blood prewure werr ont wed for bwiﬂﬁ'ﬂn“;
when # thurd mple of urme was collcted Frnall  the sutmect w qwmed-bmnH
pyraphoms 2d experroces before dunny and after ihe nfinan Thrq\rﬂ\ﬁmﬂ‘! "
Yowed 3 specal bﬂ'k-ln\uftymplomu-d\n!hmrmnruh}vdu‘um(hiﬂmﬁf‘

uder all conditons.
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Toble L Sekfactce groghoms dorreg adrenaline ol wradrosaling oyfusens

Advermlive Infimon Nomdresatme fnfomion  Ringer  Infixion
Babgeet
\23656‘(!l2!4!6(l!3456f

At

pepeat

Rotowxs  + + + + + 5+ + + 3 [}

Aptuion. + + + 3 + 1 o

Asxdety + 1 ] [

Tomenem  + + + + 4+ + s 0

Discomfort + 4+ + 3+ + H 0

Phyrielegical

R

Palpiahn + + + + + + 6 + + + + + 3 + 1

Tremor F o+ o+t + 6 Q o

Penplestion + + ] + 1 [

‘Numboes + + + 3 + 1 a

Dyrpoon + + o+ 3 + + ? ]

Touodiog m

head, ab-

domen and

thorex o - 3 + . 2 0

Results

Subpcics ympiems

The rubjective sympom expersenced durmg sdrenaline infowoas had the

sme general ch a1 those described

n previom m estigations on
beahhy human subjeets (¢ Evrex, Lort and Svwory 1954 Dureaan and

3cioranomn 1956) Noradrenalme produced same effects mmilar to those of
adremaline, but these rymptemm were on the whol  less pronounced snd les
frequent. Svmptorm mennoned by the sobjects, esther or 1n
respome 1o the chreck-lnt quesions, are lsted m Table I The bl shows that
there are large differences between mbjects 1n frequency of symptoms. Sabject

1 fmmnqiqrwttd5mu]mﬂﬁphynnh@alnmplmm,ntﬂuinﬂ):€d
6 had no mental and oaly 2 phynol The oaly

p -
parted durmy wfmons of Ringer’ vulnuwmsarc-xd’pn};ﬂmuum
Effects of 1afanens on prchalepcal sanables

Though same subjeets {elt strongly affected by adrenaline, all were able to
cooperate sausfactonly in th  peychologrcal teatng The mean seoces are
mmm.mxﬂanhchLFnrthmcmmwmr_hmmobumcdmphynul
e, and where y the unstof s consiant, performamce
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Tabls Il Mewns and § E. of scarss in perfarmancs tsts during snfusens of adrrvaiine meradsenatuie
ond Risger’ midvn. Figwes indicete lom scc exoepl for Tappeng 13 srs-fiaency Vieworr spam
o Pegacnsher erver where freqmency it maicated
Variabie Seores durlag nfirdon of
Adrenaline Narsdrenaline  Ringer  solution

100—7 test 158+ 237 2153 618 00t 197
Tapplog specd 215+ 871 ma4il4 8L 5w
Colour word text T+ 642 7L 186 8621 963
W ord-fluency mot 347 0+ 320 NBL 44
Miror drawing, time 159:L 162 It 1m 13t 1%
Micror draning, aroc 19+ 03 134 045 it o
Memory o

digits formards 784+ 032 754 050 754 043

drgits badcwards 62+ 070 60+ 038 622 047
Peg-wasber test, timo 1834 £ 1840 1733 1 1050 1703 & 1510
Peg-naaber toat, erroe 24+ 096 12+ 040 124 031

under adrenaline and noradrensline conditions has ablso been expressed as per
cent of performance during Ringer s inftsion (Table 111) The most snkmy
result  that the differences in performance under the variows conditrons were
on the + hole small, i many casxs even negl gible None of the d Terences
reached saatuncal mgmificance
If the reyulis are taken at ther face value they scem to indscate that the

Hects of adrenaline xre stronger than thase of noradrenal ne and that adrenak
ine may improve performance in tests vhere speed plays a deciurve role except
1n the case of psy chornotor ability where performance scems simpaired Homever
the differences obtamed may be duc to chance and & much Larger matenal
vould be required 1o confirm these tentative snlerpretabom

In trne esttmation a small but cormatent difference between adrenal ne and
control scores was obtamed, preent and past ume cstmates both bane

Table IIT Performance (e xore | €xnxg o4fsisent of adrrnalioc ond

fremalie. = por crad of derag ¢ funam

o Rouper’ solstn

\ arlable Adremaloe Norsdrenalor
mlmian mbuvon

1007 1emt ™ 100

Codour-word  eu ks @

Murror drawing, ume nt 103

Murror dra o, error 126 [ed

Pegomaaber Lo tame toa lo)
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Tabls IV \lias end S. E. of beort rede puelic aed dsestalic Mood precisce before derng axd

fier nfacens of odroadine wnd neradsenaline

Varkble Adremaline lofostan Noradrenahne Infudon
Before During  After Bedorn During  Afler

Heart rate L6 P8 91+6 b ES) 644 T8

SystoBe hlood premar M3+ 19017 1%L7 12614 168 1MEo
Dhastolic hlood presare B3 LS 0:+7 T4 HE7 N3

larger during adremalme. This effect b analogous to that produced by metam-
pheramme (Fraxxexnaruses. 1959) The influence of adremaline an tume estl
mation will be cramined further in & scparate senes of expermments.

Effacts f oafustons ex phy nalogrcal seriables

The mean heart rate, systobe and diastolic blood presure of each subject
before, dunng and after each infuson was calenlated. The means of the mdi-
vidual means thus obtained are shown in Table IV The changes scen are in

agreament with those obtaned by previous investigatons (g Evten
ct al. 1954 Gorpxseao et al. 1948) The only unwual feature s the e
{mtead of expected fall) I diastolic presure under adremaline. A possibie
explanation n that the rie was caused by the combined effects of the wnfused
adrenaline and the strem produced by the peychological tests (cf. p 8)

The results of the analyses of unmary catechols are shown in Table V It
thould be noted that the adrenaline valoes kgfors mfineons are hugher than those
obtamed by previous mvestigators (Evren and Lurr 1951 Lurze et al. 1954)
Thus mmay be & comsequence of the strem mduced by the catheterimbon of blood
vencl and it may also be an effect of anticipation of the experiment of follow

Tabls | Mpmes ond 5. E. of ebchalamn rrcretion o
o - e wew befare, dwoig cnd gfler nfusens

\ arable Adrenaline lafwion Noradrenabae mion

Before  Durlag  Afir Befors  During IA!u:r
Exercied
- 133427 35021301 26806 20243 520 63|103_ 85
Exercied aorsdrenalos
ey mm N34 03x 10

1494 39 T84 _43 4784_€1|26_139
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Table 1L Veams and S. E. of keert rate Kastelic emd gitelic Hood presivre and the excvetnn
of catechelmmancs in wrise befrre dring and afler infusions of Rouper’s mistiam xcith and withont
conconctiant ity chelogral Lesting

\arlathe Infimion of Ringer sol Infision of Ringer sl sy
Py pany chol. testlng
Beforc | During Afler  Beloc  Durig  Afcr
Heart Rat T3 45 78 46 70 A5 T2 24 68 £4 6 L)
Sysolic blood pressure 126 57 137 18 125 26 (8 4 (24 24 (15 £
Disstolic blood presare G =4 T3 x4 67 A4 8 12 B 4 B 32

Excreied adr in myg min 166431 354170 135148 140424 159427 122426
Excrored poradr inmpg min 2122441 312437 209453 I8TL25 162108 (5228

A second striking featire o the large amount of adrenaline excreted dunmg
the nfuson perrod. The per cent output of infused adrenalme averages 5.01
(range 417—5561) which b consderably more than that found 1n eatlier
nvestigations (EvLer et al. 1954) In respect of noradrenaline the correspondio
values are 3.22  (range 2 38-—117) which bs consstent wrth earlier findings
(Eciex and Lurr 1951)

Effects f pockslogreal tests ex plysielogual cariables

Dunng the mfusions of Ringer s solution an increase in heart rate blood
pressure and excreted catechols was noted In order to find out of these changes
were caused by the mfuston per 5 or by the prychological tests, or both, a rew
senes f expenments with infunon of Runger s solution only was carred out with
the 1ame sx subjects. The procedure was exactly the same as before except
that the pavchr logical tests were substituted Iy the reading of varfous maganna
with & neutral and unengaging content. Table V1 sh ms the resules fram both
serics w th K nger ¢ solution,

In the second senes ‘without tosung) the differences het een measures ol
ta ned bef re and duning wfuson are erther much less pronounced or abolnhcd.
Henre t ma be oncluded that the changes n the first series were primaril)
caused In th pwchological tests and not Iy the nfiunn.

Another striking example of phynolomcal reactions to the strew induced 1y
psychological tests was scen in the contneou record ngy of arterul presurt
and heant rate as lustrated n Fig 1 Performance — partrcula Iy in strewful
tasks, such as th Colour-word test and \firror drawmg — It accompanied by
Estmet nses m svatolic blood presure Th figure abso shaws the - i Word
pressure cawsed by a test Peg-washer) grven bef e and after the infusent.
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Discussien

The present experuments have previded some quantrtative infarmaton as to
1he ability 10 camy out vanous Kinds of 2ctviues dusing infusnons of adrenaline
and vorudrenaline m relatively large doses. Though nterandnrdual reactons
to the drugs were large espeaally 1n respect of adrenaline, all subjects were
able to complete the series of tests and no signs of an xpproaching break-dow
of perfofmance were noticed

The tremor duning the adrenxime mfy made the prydr taske
more dificult to perform. Howeser most subjects seemed 1o compennte to
some extent for this handucap by an mtense effort 1o concentrate on the tale
Tt thus appeared as o the unfavourable effects of decreased hand steadiness
were counterhalanced In the favgurable effects of mareased alertoey, thn
enablmg the subpects 10 camy out the tasks withown apprecable Impairment.
However 1t scems evdent that performance changes shoutd depend upon the
dnes employ ed, and 1hat wath merensng doses the negatne effects wonld sooner
ox Later donmnate. It also appears reasonable to assume that, oo the other hand,
with smaller doss a stage could be found where onhy favourable effecis oo
pedormance ensue

In future experiments specific hypotheses may be Lased on the observatons
made m the present eenes, that there was a tendency for prychomotor perform-
ance to deertorate and for other 1ypes of performance, requinng pomarily
ypeed, to anprove duning adrenaline mfuson

Tt should be kept 10 mund that the tesing (o1 anous technrcal reasomm was
not started until a few muoutes afier the nfunoo had begun, ¢ ¢ not unul the
) oitsal subgectne svmptoms, which are unually the strongest, had more or 1ot
sutmuded It 5 possibie that a sudden and temporary change 1
took place m ths tmual phase Dunng the subsequent penod, when the o
were carnied out, the subjectne uate a3 uell as heart raie and bood presure
remamed farly suable

The effecu taered of psychologeal facton m phyvalogreal funcunas are of
parucular mierest [t was clearly shown that the performance of the prvcboloes
wenl tasks was accompanied by ap mcreaxe o heart rate ‘runalpramftlud
wnnany excreton of catechols. Furthermore the stren sovol od 10 antaapatien?
of 1he 103t penod and or (he concamutant catbeterrauon of bood el peo-
duced an adrenalne exerrvon consrderably above pormal

A stnking feature Jf the adrepaline expenments was the high pereenta=e
adrenaline tecovered m the unne Onc pouble explanaton ma be that the
Guresss was Large 1n most casts beeause of extra water intake to serure pro@p!t
mctunton. This interpectaton ta supported by a statstreally ugmfirant pouine
correlauon between diuress and amount of catechobs in the onne \

There has bern amxderable debate as o the question whethrr the cmoteond
epenences produced by adrenaline wpeetions are "real” aoouon € whethr
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they are more adequately described as “cold” oc “asf” emouiors, 1 ¢ the subgeet
&d;ngufh:m-frﬁd,lnnommtboughbzbmm\zﬁomohrrw
tons bave been critically reviewed by Laxoss and Hiwr (1932) who conclude
\haqummc(ndrmhn:bmmdypmdm:gxmﬂmmhlhemt
expermments the o Ih 3 1y of the “ay”
type. Furthermore the subjects appeared very rduc!mt lo-drmanymm
emotional changes and weemed 1o attempt to ignoce thar symptom as far as
posible. It is evadent that a succesful penctration of these problems requures
mare refined techniques and at prosnt vanous methods (ratmgy, mtervacuy,
pro;cmvcxc:hmquu)farmammuufunounml:x‘pcnmcudurmg
drepalme and \I: fi are bang tned out.

Pomible sclectrre effects of adrenaline veus peradrensime infimons on
cmianlchmgumo(pxmluimnmmn:wahbcrﬂauomhxpoh:ncd
between certam specific p il 1 and phynok P patterns, fear
bcmg-mmud\nh‘cphu-pﬂnmﬁh“mdmguwhh“mwpmephm:m,c
cardirvascnlar reactions (df Fiomearrne 1956) More direct endence for a
sedectrve function of adrenahne and noradrenaline in emoton has been provded
by studies where exeretson of unnary catechols during strem has been compared
with the nature of cmobonal responser. Such expenments mdicate that anxiet
veryus aggremson, b related to & relatively larger merease n adrenabne versus
noradrenalme. (Evsanpiax Horr and Lassox 1937 Sit zmaaw, Comex
and Zumasua 1957) In the present apenment qualiatve diffqences n
emotional reactions to the two drugs were not ohserved. It o, homever powibl
that differences may be revealed by speaal techmques, soch o suggested above

Thia waa rappartrd by grant from 3lagros Bergvalls Saftese 1 wish 10 thanl.
Mr F Larouun fox earrviog ot the cawcholasrine amabyes.
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On the Nervous Regulation of the Biliary System
in the Cat
) 21
Bexor Parun and Stex Sxocruxo
Reoived T8 Sepember 1960

Abstract

PALLIN B and 8. Sx001uxn Ox the srrrws regulotion of the blary gbem
ot oaf Acta phymol scand. 1961 51 187—192. — The nervown

found 15 inhubat bt acthion of the yaygal neres, From these cxperiments

h conchuded that the vagal nerves cxert  ‘secrerory achon on the bdany

q-l.rm.\h:kth‘ll;hnr.h:d nenves inhiblt the otfiow of bile. The
of those

y and bl

mmmbrkﬂydhumd.

Tt n well knovn that the bihary syitem receves i nerve supply {rom the nght
&ad left agus nerves and th coeliac gangia. Whether the phreme nerves con-
tnbmute any fibres to this innervaton » oot known, However 1 has been shown
by Atesavnan (1940) that these latter nerves join the sympathene and para
tympathetic ami which enter the lver The nerves ditected to the haliary
fyuem  conmpany the hepate artery and the portal van snd sccording 1o
ALexawprx {1940) the ferent mnervauon of the blood vemeh s sympathetic
and the mnervanon of the bile docts both wy h nd par patt
The tunction of these norves have been the subject of same unvestigations
{Tawrems and Ivy 1938, Jowooox and Bovorx 1943, Powisux o o 1952}
In these works t was shovm that the vagos nerves are Ycorctory  that b,
when somulated bile n redensed from the biliary system. If the bile forma
tem fn the [l er u under direct nervows conmol 1 uncertain, bot TAxToar and

187
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Tadir I
Cat i3 Right vagm  Left vagwe
stan. sthen.
! 0 os 8]
2 0 13 02
3 [ oy 04
4 L] a7 i8]
3 0 04 03
6 M 0 11 0.0
7M o 14 a3
o erage -09 ~-02

T bic I showing the effcct of vagqal stimuation. The
outflow brtact, Initis] premore (1P} sct at rera,

demaonstral  promure alleratiom in em H,O.

Ivy (1938) suggested that there mught be some direct nervous influence on the
secretion of bile from the Liver on doge. Sumulation of the sympathetic nenet
of the buliary system has been shown to cxert an nhibutory action on the out
put of bile (Jorsox and Boypex 1943} and to inhibit the output of ke
from the hver (Taxtumi and Ivy 1938)

The literature gives no further information abont the nervou regulation of
the bilary system and furthermore most of the knowledge has been gowned
from 1mpection of the volume vanation of the gallbladder which must be
“conndered a rough method Tt a3 therefore comudered worth while ren-
vougaung the control exerted by d flerent nerves actng on the Inhan yatem
record oy the effects as presure var tons of closed systems.

Metheds

Tilty-1»0 cats were ined. They w ere ancuthetred with \embutal Abbot {0mg kgboch
werght intruperitonesll A trachea] an 1 was routnely mcrted. Thorecotom #
periormed on the mght mde The trachenl canmuba was connected with  pump for
artibeia! respravon. The mxth (o the fenth nb was rewected 1o the sternal bone and the
Inferror obe of the night ) ng was extrpated The agn prmo werr drsccted free
jint bove the duaphragm. The bdomen wa opened in the madhine The  pprosct »a
wed m all cypermmenu

In o serics of cxpenments pody ety e catheter was mwerted it the gallbladder
sccording ¢ the technmquor demotnrated by 1Y and Ja rerx (1959 it connetted o
» seneitn fodoctn  tran—gauge manovoeter | some cxpersments mds ated n M

s Uscd for presnure mearTTEDL 8 cording o the method by 10 o4

Ja 1c& (19%9) Inall bhe cxperiments the smitial prosure /1 P o the ubdasrt 1o,

was decided three tmeas w th an  tenal of threr ) vten. The o duct w  dewee
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Table 1

4
]

Cat P sla  Sla D Slo fhn D
Imtact st lotact cut

1 0 os L 23 ol a3 0z

2 o 13 13 a2 o2 as [E}

3 o LN 17 18 L&} o7 LX)

4 o 07 15 os al o4 o3

3 [ o4 13 L1 o3 o4 L8]

[ 314 o 1t 2 11 (34 o6 (.13
TM o 14 18 a4 03 (13 (%)
avorage -08 -3

i the gallbladdes Frgares demomstrase preware abieration in cm H,O.

free from  cmels and bgated. The disecnan was made yery aarefully not to exert pres-
«ure oa t the gallbladder during the operation which caser bile cutfiw The thoraee
&ty was filled with paraffin al a1 37* C and kept st that temperature throughout the
Xpermment.

T another scries of expermments the seme operatn  pproach a8 10 the first sorios was

by
&t frequencrs between 5 and 36 see. By recording the scton
potenmb it way abn 3 cheched that th narves were sopramaxmally stmalated.

Results

In the first seres of cxpenments, m which the premure was meanmed in the
mallbladder after Ligaton of the cysnc duct, sumulation of the peripheral ends
of vagal nerves m 7 amumab showed, that the nght one had a more potent
cffect than the keft (see Table I) When the nght vagm was sumulated, the pres-
sure of the galibladder mereased 09 cn H O When the 1eft one was surmulated
the nse vy only 02 cm H O

When these effects had been extablnhed the greater leser and lesst splanch-
DIt nerves were cut before they reached the coclin  gangha (7 anmmab) Whes
now sumalanng th nght and left vagm the premure in the gallbladder in-
creaed 0.8 cm and 0.3 cm HyO respectovely (see Tabl 11) From ths tcan be

concluded that the sympathetic fibres have some inhibitory action on the release
of bue from the gallbladder
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Tably 11T

A B

Cat {3 Syep. n Symp. o | Duff Symp n. Symp. DL

Lertact an intact cut

1 0 0s EAS 18 oo 3 2]
2 0 os 22 14 02 0.6 04
3 0 a7 17 1.0 al o7 06
4 0 (L] Ly 1o o3 09 ot
5 0 1.0 16 16 o1 a6 ns

average =13 ~03

T ble I showing the cifect of vag | stimulation (A, right vagus nd B kft vapm) be
fore xnd after & al} brascha ritnrting t  the splanchnic perves from th 4 to Lt
#nd removing the rympathetic ks from the dlapliragm to the gunglion Inpar on bock
sidce. Initial prowmre sct at scro. Presure aristions messured by & Lraun-gauge manomekr
w-l.u,n polycthylene eatbeter m the gallbladder Figurer dewomtrat  premore chasgn b
o 1,0

In another senies of experiments all branches contributing 1o the splanchae
nerves from Th 4 o L 1 were cut in 5 animals, and the whole sympathetx
trunks [rom the diphragm to the ganglion impar was removed on both sides.
This operation wa performed afier having decsded the effects of vagal simula
tron [n the intact animal It was now lound (see Table ITI) that the differemces
In effect on the pressure produced by vagal stimulation in the gallbladder was
very small compared with those in which the splanchnte perves had been cut
Comequently the inllzence of direet sympathetic et on the gallbladder mist
be amall

In the expenments reported hitherto the effects of the sympathetic outltow
from both udes have been conudered. To determine any possble differencey
between the rig! ¢ and left sede Ui splanchiie nerves on the mght gide were cut
n 3 ammal after having decided the effect of vagal sumulation in e tact
animal. It wa then found (vee Table IV) that most of the inhibition exertcd
by the aplanchnx nerves emanated from the nght nerves.

In 6 an mals only the greater planchnic nerve was cut and the nglt and
Joft vagal nerves stumulated peripherally The presure nise now obtained wa
nearly as great as when all splanchnc nerves had been cut Trom these expert
ments the oncluvion can be drawn that the inhibibon of the galll ladder from
the fesser and fea ¢ spla chuic nerves i lew potent than that from () ¢ greatt?

one,

In 4 ammaly the nght agqn nene wa sumulated wmoltanconly with the
nght greater splanchnic nene The pressure in the gallldadder  as then found
to wncrease very much less than on vagal timulaton alone Thry shons that
sympathetic influence on the gallbladder 5 whibitory on the actwn of the

parasympathete

thr
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Tab T
A .9
Cut i3 Spl de.  Bpl & DML Spb dr. Spdu | Do
ntact cut Intact cut
] o 63 15 os ol [i53 02
2 o as 17 o8 a3 07 LLE3
3 o 13 a7 an o3 o
4 ¢ 09 14 as [13] o4 (18]
3 ¢ a7 18 (& o3 wh ol
o -0.7 -02

Taxront and Ivy (1938) described a reflex in which sumulation of the central
end of oo vagos nerve with the other Intsct resulted in an merense of the Bow
from the Hver They could not produce this reflex in the cat. Ths expeniment
was bere repeated while measuning the presure in the galtbladder In 4 ammals
the keft vagm wms cat and stomulated centrally A peesare-me of 0.3 cm H O
e recorded m the galfbladder In another series of 4 amimals where a presrure
ise was fint establabed 1n the intact animal the right vagus nerve was cut and
now stumulation at the central end of the left vagus nerve causced no pressure
Increase m the

1In snotber type of experrments the catheter was inserted into the hepatfe duct
and the vagal nerves were stirnltated before and after section of the sympathetic
outBow to the liver The aim of these expenments was to study the effects that
could be induced on the release of bile.

The yagal nerves were stumolated in 7 animals a8 deseribed 1n carbier expen-
ments. A premure increase of 0.7 am and 0.2 an H O respectryely coald be
produced, which shows that the DErves In sOIDC WAy mortase
the pressure. The rise was obtaned after stimnlatng a few minutes.

In 7 anomaly afl splanchnic roots were cut before they reach the cochac
gangha and when now sumulatng the nght and kft vagm nervea peripherall
the premure-increase recorded i the hepatie doct was greater than before nerve-
wection. The splanchosc nerves therefare must bave an mhibitory action on the
cffects that the vagal nerves exert on the Iver

In another 7 anumsls all splanchnic nerves were cut, the sympathenc trunks
Temoved, and the phreme perves cut in sddition. Stumitation of the ngit and
Icft vagus nerves ¢ thew peripheral ends now roulted m & greater pressre-
rie than with section of the splanchme nerves aloae. The phrensc nerves and
lh:tymp-lh:ucmmhthmmmhwmcm!nhm—y cton on the
presure-oxreanny cffect of the vagal nerves.

-
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Discussion

The results presented show that the vagal perves act as “sceretory’ ponves, that
1 when samulated they ncrease the presure in the galibladder Thu indicates
that these nerves have a tone effect on the wall of the galibladder On the
other hand the splanchaic nerves exert an inhibutory actmn on the tonus and
decrease the cffect mdoced by the vagal nenve.

The pr buined on stimulation of the vagal nervea were
xmal), but this way not unexpected becawse such smoll varations were atao found
by Ivv and Jaxrcex (1959) when they stimulated the griibladder-empiying
mechantsm by the we of chetecystokinin.

The reults presented panty confirm earlier observations by Tasmums and
Ivy (1938) and Jowxsox and Bovorx /1543) Jonmsox and Boypey did only
determune the ume necersry for gafibladder-evacuaton by X ray techniqoe.
They found by merve-sections that the vagal nenves must have a “Scoretory
acuon which n ishibiced by the splanchnic nerver. In ther expenments the
sphuncter of Oddi was cluded. In our expenment on the other hand, the
cywue dict wa ligated thws lexvang out any effects on the sph neter of Oddi
The figanon of the cysuc duct might datroy same nerte-fibrey rumminy to the
gallbladder but a3 the major part secompanies the oystic artery which mat
dassected free, most of the inneration was probably intact.

Taxterr and Jvy (1938) demomtrated » reflex actron via the vagw an the
refease of bile from the lver o the dog Thus was not ivesuigated bere bats
reflcx acumg v1a the vagus on the gallbladder rould be demonstexted.

In the expennments where the prenure wa recorded 1 was found that swmelb-
non of the vagal pene increase the release of hude from the h o Taxmm ad
Jﬁn— (1938, reported a direct effect of agul mmpukes on tule-production on

dogs. Houtver they could oot produce thy effect in the aat. These cffect,

rught, however as suggested by Ta Ttm1 and 11 and Matart{ vy d e

11952, be mduced by blood pressure or biood faw variatsans o ihe Iner The

ponible mechanums betund these effects wiil be taken up o further  ock fie

the mteranny Goliaung and inhibiting mechansms  cung on the galilladder
tone which veem 10 present an excellent experumental utust on for the totnd
of humoral and nenaus iatergration
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Noradeenaline Release from Isolated
Nerve Granules

Br
U 8 v Evues and F Lonajzo
Reveived 3 Ouicber 1960

ullary gravules bot show higher resesnce to freerng and thaw mg snd
oamotx changes.

High rpeed contrfugauom of homogenates of bovns splens nerves yredds
sedment which contum norad m hgh (Eunen and
Hotanr 195%6) The fndmg has been confirmed by Scavsmaxy (1938) who
tbndcmmaxdthxwmquTPmthzwhmx.mgsunngnmﬂn
propertes of the nerve grazmles ay m those from adreml medulla (Farex,
Huraxr snd Hooszzo 195%)

Emxe and Horase (1956) further showed that the transmitter granules
M&mmm\smmﬁymh&chmnﬁnuant
readidy gree up ther contany when oxposcd to sowdt.

V3613015 Acte phywel scond Vel 31 ~193
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The sprafiat, of the granules was indreated by the fact that they ded not
contain hustamme, which yas present in farge quantities m the origmal matenal.
Chromatographuc analysn of extracts of the separated granules Eave oo indita
tson of the presente of other catechol compounds (EuLen 1938) ror did broloy
fcal tests reveal actioms of any other kind than noradrenahne

Previous axp (Evrex 1958) indrcated that heating to 100 C, addivon
of acrds and detergents cause & release of the normdrenaline contained in the
particies.

In the present paper some results obtamed with adrenergic nerve grannles
prepared by an improved techruque will be desenbed

Methods

Bovine splenic nony o obtauned at the slaughter house were disected free from sdyacerd
tmur and the nerve sheath removed. Preparations were made withia 2 houry after the
death of the animal. The nerves, usually 310 g, were collected on ke wrapped
graze coth and squeezed betwern aylon o lmders. The prem jurce together with ihe
waslung flind (scc bedow) about 10 mi per g of nerve was collected on xe and centre
fugrd for 5 mm at about | 000 < g and the sedmment drscarded.

As wmbmg flnd for the priman aspmson, Rerme m 0.3 M sduon was ord
rmmtally but hter abandatied moce ¢ was obeerved that the yield was amnilar  beo
sodrum or p phomphate were used as mp mcda. S
in sucrose requaned bigher ¢ and longer  entnfugaton (nne  morcover secTose bl
fered with the fluonmetnc asay of noradreoabne

Placma has aba been thed 21 uspension medsum but dad 1ot seem to offer am 23-

wntages.
Ia th majorin of the Later experiments 0 0750.19 \ potasium phasphat of pi
7.2<7 3 was urcd an washing fuid for the prmary nepernon. This was then contnfuged
for Vrmm tabout 5 C (50000 ¢ The suprraatact was adsated oo alurmea
and cluted with acetrc xad for ) of frenal ordiog 1o
Evtex and L. yxo (1939

-

Rapernon
was achined The sopernatant wm aed for luonmetric s3ay of noradrenaloe

Extro tum of sedimed

The norsdrenaline present m the scdiment ould be quantiatively catracted 1
Q1IN HQaddedsogn pH B rddition of 02m) 23  HPO the granules coud be
sedmmented by crntnfuganon at 10,000 ¢ for 5 mun \\nh”ﬂnh\fwunh;rn‘hkl;
scrd, sedimenanon required langee umee thigh ¢ \lowfryrrld-ﬂ:rrpﬂ-ulyub‘f“u
when cxtractson was made with HGY at pH 05 0.7 than 1 pH 2. Trchlomacrtie
was mrwntable for extracuon of the granules unce 11 mterered with the

away When atd abobol was wed for extracion 1 wa found that soror arinky ™
muncd preoprate
m:gnnhmmmlkmdm;wnnmmudhwﬂm
metrye method of Evoea and Low jxo /1957
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Results
Catechel compounds tn supernatont and sediment from p ess poce
of becoae sHemsc nerres
Innprmumpupcr(EUmWSS)!tmrq)oruﬂlhnchmmuognph)of
am extract from sed d by high g cemtrfugation of prem quce from

bovme splemc nerves anly revealed the presence of noradremaline. If the
catechol compounds present m extracts of the sediment were condensed » th
ethylene dumine or oudoed to lutines and subjected to spectrophotofluon
metric analyrs (Ammeo) evidence was obtamed for the prosence of noradrens
Lne anly (Fig 1)

In 4 axperiments the supermatant from centrifugation of nmpeniom of
bovine splenic nerve grannles m 0.3 M glocose was pamed through an alumma
colurm and the catecholammes cluted with 0.25 N sulphunce aad. Th con

FUIORESCENCE

2

RIPCRHATANT  FROM
GRANCLES
DOPAL

Fiy 2 Sardh colma chromats-
m-l-w—:;n.hw,

ceamlogeton mscrogramole
ponom (rom bovine  sphemc
perre Sobvent~ n-butanol-scrtic
ecido/I0 HA (5 1 1) Ords
e
dlemane Atmcrs, (ractos mom-
l::r[)ol’.‘tc-:ld:~ 4 divydrowy
DA =~ dopama-
"t-a—n:ndn:-.lm

FRACTmM.MER

¥y FF
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Tabls I Total seradrenslone (V) sbialaed from bocrns splowc neries by spwecring pecrmtage

;5Ahlk~bw-l~b¢rb-szu.’0mu+zﬂ‘c Moo md § D frem
e

Total amount of NA per g Mean seco ay of NA Jn Alean relemse of \A oa o
perve obtalned by squeenng  sediment In per cent of wtal  cubauos 3¢ mikn + 20°Cha

per ceat (comtroh)
87133 gy M3 LS BLLTEY
1 eJuate was ch phed on a starch colurm in a solvent system
of n-butanol-acetic acad n/I0 HQ (3 1 1) Fig 2 shows the refatne fluo-

rescence of abquots of the different fractions alter condensation with ethyiere
diamine, The fluorescence peaks agreed well wath those of dihydroxyphem!
acetle #dd (fracton 4—6) and with noradrenalme (fraction 22—30) It was
particularly noteworthy that the dopamine fivarescence peak was well marked
only tn 2 of the expenimenty, suggesing that there 8 no drrect quantitatne
relstionship bety een dopamme and the perve tramsnutter

Total yiid of soradrenaline recmery o sediment and release o iwcwbation
Tke total amount of noradrenstne obuuned from bovine splentc nerves by
the squeezing techmuque was on an average 8.7 pg per g whuch compares well
with the amount obtamed by extraction with tmchloroacetic aced and fuon-
metnic csumavon (uncorrected) The results thus indicate that the yiddd nas
nearly maximal. In 15 camseautne cxpenments, mn which the sediment after
T m 0.075 M p phosphate was bated for 30 mun at
— 20 G, the perecnuage total recoven of noradrenaline 1n the sediment and
riron refeased dunng incubanon i the controls was estimated

the
(Table I

Effect of tomperature and tise ¢f expasure om gransles

At low temperature the granules retaun thar conients of norsdrenalin Fr
several hours \When a swspenuon made from bowvine splensc penves + 38 pre
pared with 613 M KCI ac p¥t 7 8 and omtafuged mmediacly the amount
ufmndrmalmcpcrgofnﬂ\tmlhcudunmlnn‘ll/.rgmmonmplﬂl"
tno other 1amples which were allowed to sund for 180 min at + 4 C after
centrifugation the same amount was Jound. Even after 5 houns exponare »t
+5 Can77thcmdmmhntummmxmlhescd:mcmmanhuwﬂ“"
antly decreased.

In other expenments nuhxdadlcnn-;xm:onnpnﬁ.ﬁ—-77nmﬂp°““:
10 +4 Cforl&ﬂ——i'l]mmh-(orrcmuﬁpmlbcmd;nuhmam:ﬂ)
d‘mcscd‘mmuucqadtoumn[mcmud: centnfuged  mmeduately
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éw IN SEDIMENT

3. Effect of trempertrure on porsdrenaline rekcsse from Dmokased froca_ borine
iﬂ:mmdhm:ummamsnr\.ényuu_n

(Fig. 3) The rdcase on b at +20°Cp ded at a faster rate o
that 20—80 per cent of the activity was Iiberated after 2 bours exponure No
difference was found wath 015 M NaCl ar 013 M potassum phosphate

salohion 83 menbation media. At 37° C the release proceeded at a much faster
Tate a1 secn In the Agure.

Frating and thaning
It was thown by Horarr and Nmsow (1954) that when chromaffm eell

Lon. The santples were froxen by placng the ofgnal suspennon or the re-
supended sedmmont m & deep-freeze at — 26 C, followed by thawing t room
temperature. In some expenments the freenng and thawing was repeated up to
6 tmncy Contrals were kept at +3—5 C where the spantancou les was
neglgibde. In all instances the teloming effect of thn treatment was only
moderate as illostrated m Table IL
Asseenm the table the extra release caused by freezmg and thawng reached
wpﬁmmﬂymomcnzin'lﬂchlhcprocmmrepn(cdanmmth
ater a3 napennon mediom. In 013 M KQ repeated frecring and
thtwmg kad no more cflect than a angle treatment, and in 0.073 M potasaum
Mhmhmﬁmhwﬁmmtuuﬂllmaswmwmdﬁth
ﬂlcmnmk.lnlhm:mnm(np.l-nd&)whmnmdrmﬂmem-nho
determined m the supernatant after recentrifugaton the deficit obscryed m
ﬁutﬂmmd(aﬁtmngnndthawmgmfmndmthemnnm
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Tabls I Effect of frercong and thatriag o the wloass of mersdbrnaling from acrce gromele s

Equ. oo Swapeasion medum 234 Nomber of  Prreentage
freceingy and  rricase
Bl
1 015 M RQ 67 ] n
2a 013 M KO 6.7 L 1
2h [2L3 2@ Ne 18 i 19
1 HO 63 H k-
b HO 68 3 L
n 0073 M K-phosphate 15 1 )
3 10 1 1
Efect [ asmelanilty

Dunng the ssual stages of thn mvesugauon 1t was observed that the e of
water &4 suspenuon medivm gave & gnaller yield of noradrenalne i the
sediment than if motoruc wolutions were used. The cffect of varying cunolann
wa therefore nudied vimg KhCl, NaCl and CaCl as ropension media, The
primany supemuon was prepared wath water and the sedmment rerapended b
the clectrolyte solutom. The tota} ume of exposure of the gramule to the
different media was appr ely 5 mm of prep and 30 mmn of centr
Tugauon at pH 6.0-6.4 at a temperature of about +3 C.

Fig 4 shows the eflcct of solutions of different torucly gren n termm o
ommalanty In cach series one mmple was expored to water &3 reropensod
‘med The conc of potoaic sol (0.3 osm) were approxumated
10 0 J5 M for KCJ and \a(2 and Q.10 M for CaQl,

As scen i Fig 4 maximal stability at pH 6 0—6 4 was obeerved wn the g
of 0.3 osmalanty ¢ ¢ 1y motanue solutans, while inereased release ocourred

NORADR. M $ED
w P———— —— et
- 1 —— Wl
— —— CeCly
— ~——crrEa
——
2

3 30 nan
125 Cand g Heo41
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\ormdrenaline rrmaiaing fa exk neves premsles afier mcabation 30 win &t + 20°C
.r,Hu:.auupmfm

Cenyl pyridintom browide 10 ;3 ¥6 poy et of contral
1 mM 1y
Sodirm huryl siphoaate 1mM 78

in hypertomc as well as hypotonic solutions. The relatively large release m
mmglyhypcrmmc)ohuumumbhﬁvmwhtnmtamwcdumpm-
won medium the amount of drenaline 1n the resedi ed atifl
mabmtso—wpcrcmtordminthemunhh\mmrdcwhum,mdxwg
a moderate degree of lyns only

llfdrm'dmm-pcaﬁ

derable release of dremalme from the sed. d les Into
Lbem-pumum-ﬁ:r-ddiuonofda.:rgmu,md:ucetylpyndhuumbmm:de
and socium lauryl sulphomate, to the nupenuon medu, has previomly been
observed (Evren 1938) lnnrwupcﬂmcnuthnmm.dcdgnmﬂaum
Incubated with & and the fine prosent in the
sediment and the sp ‘Bm.h‘ gentym & of
1 mM camed an almost complete low of armne content in the trangmutter
granules m 30 mm at -+ 20* C ay shovwn m Table 111
Incubadon for 30 mm at + 20° C with saponin (Mrencx) i concentrations
of 1—30 mg/ml m the rennpended sedment at pH 7 0 m 0 075 M potamum
phoesphate dud pot alter the mounts of noradrenalme which were present m
the sediment.
Ether m concentratiom of 1 per ¢ent m the pamary suspenmon did not
miuence the yaeld of noradremalme m the sedmment.

Takle {1 [nfiurme of Larions sleciralyies on the meradrenaling conicat in gracalss. Temp. + 5°C,
Time 35 mee, pH 6.2

Mo Conc.  Tomdity | \oeadr in
M (Isotome | wexhment
-1 gy wer
a1 813 10 109
»a as 10 099
Caz, [30) s 1
MpQy, ol 1o 116
E-phophace ooTs  (06) 112
Naacetate o1s 1o Lo
Ho

ast
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- KPHOSIH,
e NORADRL B SEDMENT
o~me MORADRL M SUPERN.TANT
1
‘\
.//__\

T—— n‘i\mdrmbmjhehrdnmlud
mpernataet
frisfeiigicotiigusiog
pIL Incubatin medlum 0073 Al pa
;g}*&mpbazhmnmi?hu-n

. Owdinal ebitrary|
: 1 4 5 & 71 a g e o T
94 OF SUPERMATANT
Electrolyie suspensrm media

\ comparivon of the effect of vanous cations and ankons on the rate of
release of noradrenaline from granules at low temperature did not reveal any
ugmfeant differencex a1 shown by Table IV Nor did incubaton for 30 mm
at + 22 C wath the doodium salt of ethylene & acd eane
any release of noredrenaline from the granules.

Efect of H comerntratsm

It has been observed previously that add von of scds 10 pH 3 or below
cawsed a raped release of the noradrenalme bound to the granules. In the proent
work the effects of pH on the release of the tranamtter from the granuolar
stores has been atudred 10 more ety As swspension mredia water and yanowt
clectraly tex were used to which aceds and afkals were added to g1 ¢ the requred
pH The followwg solotons were used 015 M NaC3 015 M O 040
N CaCl,, 010 M \MgQ2, 010 M K,SO  0.075 M h-phaphate and 0153
sodium acetate

The granules showed good stabality 1n ibe pif range of 5.5 4.6 w (k oaly
small differenices m the noradrenalme content when phosphate was uwed 3¢
suspenmon medium. The somewhat narrower maumal wabedsty range In the
ather medu pH 6 0-85 may be due to the lack of buffenng capaaity of the
media. For ths reaxcn the pH of the susperuon medm may have been
temporanty hugher i lower than the final pif of the :mptnuonmsddum"r
aads or slkal A partial refease mav therefore have occurred intalle

Complete loss o neradrenabne from the sediment was observed when the
pH of the ssprsion was 35 and befow In the pH range 3.5—33a pastal
release was obner od dunig the experimental conditions prevail ng

Fig § illustrates graphscally the amounts of pacadrenaline 1 the sedimrat
and m the supemnstant at d fferent pHl alueas m the nrpenpon. The figute
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1hows that the sam of these amounts bs constant for cach sample indicating
that all of the released amune 1 found in the supernatant.

A mmber of scrics were made with samples adjsted to pH 6.5—9 0 vath
narower pH mtervals in the reglon 70—8.0. Maxnmum stability was ob-
served at pH 7.3—7 7 althongh the diffcrence between the figures obtauied
m the regien from pH 6.5—8.5 were small.

Effert of soma axtopharmacslogually actioe apenis

Innmcrpcrmznkdmcﬂ':dnf“no\nmmnﬂyoa:mrmgblulogluﬂ)
lﬁ:r-dd]nmmn P of norad After of
the sedment in 0.075—0.13 M p hosphate and addit: ol'lhcdmg
ﬂlempanimm:tn:ubﬂtcdfor”mlnn + 20 G No cffects were observed
with acetylchalme, histamine, scrotonin and GABA, Smce serotonin semious
ly disturbed the amalyses it bad to be remored by selective adsorption of the
noradrenaline o an alumma column, The dme ranges wed were for acetyl
chofine 3.3—20 mg/ml, hisamine 3—300 wg/ml, scrotomm 0.2—10 mgfml

ard for GABA 5—15 mgfml Nicotine 3—300 ggfml was Ikewme withomt
effect.

The actiom of ty dopamk (lnddly given to s by Prof

Y E ;lnd' Icthylamine were studicd m a special genes the resulty

thxhhnvcbcmprﬂxanlyrq)ﬂﬂtd(ﬁmﬂmﬂ[mﬂ\]ml%ﬂl)
Discossion

The sedi 1 1 by ugh ¢ fugation of &

P prepared
from adrenergic nerves by a smple squeering procedure has proved to be
wcful for the study of a variety of factors cn the stormg ability of the micro-
granules. A number of observations zupport the agumption that these mcro-
wructures behave a3 if covered by a membrane having some propertles 1n

That the partiche bound noradrenaline i well protected 1 evident from the
observations that mangansse diomde !pHﬁcnlyin.lcnvltuth:nmidrcmhnc
ocurrmg free in solutwm. Furth present 1n 1
Pm!hrm:ghmdmnunmlunm-ndanbcrdeucdbyldd;dcmoflud
after the pamage.

The mod of bindmy of the poradrenaline to the storage gramibes 1 will
lmknown.hhnbemuhmby&:x{mm(l%&)dnxnmgnmﬂufmm
adrenergic nervas contun ATP lik the chromalfin cell granules (FaLck o af
1936 Brascreo of of 1956)

\Vhﬂcthemhlnrldrunﬁmminthcpm-jm&mnbcvm:lplm
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nmulnmuapmmmuhubcmanmnmg:nbom?;:gpcrg,(bcumtm
rtcm'u'edmlhcmdmmuhubecn.bwut?—Jpgpcrg,or?O—dSpertmd
the total. Whether the amount found m the supernatant oceurs in a free form
ornloosc};bocmdtngnmﬂaormanbcr:cﬂcomuumtuupmcmm
parsible to state. The granular fracton shows & hugh degree of stabdity at fow
tomperature but readily gives off the noradrenshine at hugber femperatores.
Espccalhy thcnp:drdnxobm\tdmaprrp:nuunorgmuk:mmm:
potaxium phosphate at + 37" C 15 hardly compatible with 2 storage fincton
wder the condivoms prevalling i the polated $y3tem. The observagam
suggest rather that the system b m some way meamplete or disturbed, 50 as o
enhance the releanng procen.

Although no effects were observed with the different electrolyte solutiam
wed m ibe aspoman medium ths of course doos not exdlude acons of
catrans and anions on the noradrenaline bunding mechamem,

Acid resction had a veny strang refexung action below pH 4 apparently by
splitung the bonds keepmg the amunes fixed to some comutyent of the speafic
structures. Even at pH 45 thns effect was olmered altbough it was Jn
marked.

A number of drugs have proviowly been found 10 cause a release of por
adrenaline from the gramular sedunent, among them tyramune and reserpent
(Evier and Listajro 1960 a, b, S@Osan~y 1960, and Jocal anesthetics m high
concentranons (Evies 1960) In viev of the stamulatng effect of acetylcholine
and other compounds on chromafln cells and postyynaptic adrenergpic netrons
1t appeared of interest to stidy the effect of thy compeund on the granuke
The absence of effect wath thos substance » with srcoune or serofamn seem 1o
mdioate that therr cell sumulating effects are not effectuated by sn action o8
the intracellular granubes themselves but must be duc to tnggering an wdireet
releanng effect

Somre quanutatne differences were noted bemeen the nerve granules and
the adrens! medullany granoles wath regrrd w the releasing effects of temperd
ture hypotoruc solutions, freenng and thawing apd detergenn. Thus Hilaxr
and Nsox (1954, found anly about 10 per cent refease 1n [0 mun at ~ 43 €
1n adremal medullary gramules 10.3 sugase while the nerve granules In oor
expenments had lost about 0 per cent of the noradrenalme in 10 mm a1 37 €
(0 I3\ potasyum phasphate;

On the other hand freexmg and thawing had a much stronger acton on &
adrenal medullary granules tun on the nerve granoes about 70 por obt
release 2 agaimt 20—30 ceny,

With edrenal mtduﬂznwﬂ'lmdﬂ Hotaxr and \msos (1924 found !h;;
Jowenmg of the molanty of the suspeptien medium from 0.2 M 10 0.15
sucron for | bour at — 3 C cused sn almon complete rebeare of the @31
cbohminﬂm(ht:;rmulnﬁmnupamrmmuztun}audlmlbmﬁw
cent of the poradrenaline m the nerve granules m the ame ume bowaer
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The pparently larger effect of sodtum lauryl sulphonate on nerve granules
n son with medullary granules may be due partly to the smaller
lm:nmufml\ncdmthc P w th nerve g L
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Air Flow Patterns and Heat Transfer Within
the Respiratory Tract
A new method for experimental studics on models

by
Svawn InorusTepT and Nia Gurrar Toaxuata
Reeetyed (1 Octaber (968

Abstract

Inceistror S.and \ G TomEsALY A four paticras and heet trax fr
wukis the regeratery traci. Acta phynol. scand. 1961 57 204217 —
The & thors ba ¢ worked out an experunental method wiuch makn
it powalile to determnme i flow patterms in models of the rapraton
tract The wrethod w bard 00 the chow relatonstip betwern beat tra -
fer and presure drop conditions whsch occur 11 a lube with & warm
foaer surface when arr vt blow o scked through 1. The arr tempera-
tures before cntermyg and aflter bes mg & 1 be of irachest demensom arr
devermuaed and the heat teanderred to (he proung nr o computed.
Thws beat s wed as s tracer A bt of fvson to flow  an aerod
namue boundaey fayer u budt up. Jo 5 stared that (he dhaprof thols o
determmnes the scrual degrey of heat iranafer brimeen the amw
s nwroboanes and the sapured e The lutherto ooknown
biologcxl mmportanc  of vanabors in the boundan layer » i
different parts of the capaatony trart n bnrfl dscuswed,

Varatrons o the type of air flow that uccurs w thun the human reyprateny
traet have an nfluence not only oo the mechama of breathing but atwo, peAt
duireetly on the interchange of heat and menture brtween the roypred aur and
the rwcow membranes. An ioteme wall coatact  phyuologic and  3lualle
wthun some regrons of the upper armayk, € g the nose and the rutgloite paet
{Ivorusteot xod Tonuswatu 1960; Dunag speaal condirron eg o4l
breathung of room awwithbow relsune huradity o breathinrg throuzh a tra!

heal

264



AIR YLOW AND AEAT TRAMIFFS WITHIN THE AIRWATS
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T

1 The eperimental device. 1 Th aple for sizrg the actual room kemperstire.
ﬁhmhhawmxfmmd\xmwmm
wall T x

4 P
& Ocifice mctrs 7 Bucking fxa regulated by an soistranetormer

stoma, bowever an extreme degree of wall contact may be deleterrous to the
exnily damaged cifary epithelivm (Torewaru 1960 1961) Flow patterns with
refcrence to the upper ropiratory tract, manly the nose, have hitherta been

the lack of & suficsently senmtive method for aervdynamuc studres 1 short

camechion between  erodynamuc and heat transfer phenamena appanng in
2 tube w th warm walk when a gas — for example ordinary room air — 1
Blown or sucked through it, whereby heat 13 med a3 tracer

aod Tormuary 1960)

Method
\ donbicmalled bram tube (Jergth 140 mm, dwmoeter 72 omn; was wed 2 & trachea)
model (Fig. 1 8) The wall rmperatir was kept coortant at 36 C with the axd of

Fig 1 4) The w3 made of and nxckelc wres with
dmwdﬂ.ﬂ!mmdlidaﬂdmdmmin'.h the jomis had the ume dtameter

3 tbe wires. Thin sestrument, which s Duserated in detal m Feg 2, mcawared the
Vemrperaore of the emergiog ar e
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//////////gﬁi///////// Py tral torbukent alr sresm (Cf

The room ar temperature was kept fairh constant 8t 24 G, but mmor changes coub!
be measered wath & sccond thermocouple (Frg | 1) placed hear the inlet for the ar

ECG-apparatus (Mingograph, Type 230, ELEMA  Lid,, Stockbotm; For computs
o of the results sce hocai et of (1938) and Flg 7

Thun by recording the &y temperature before entering (ta) sod after leen g the tube
(tow} the beat tramifer was calculated a1 described belor

The folkowing expert ) wracs were performed
I)Immdmmﬂmmmamdmhm
conntrrethom (Frg 1 2 at the free end of the mod 1

2) Increase of entrance length with the i of added preconnected t bes of the ame
diameter &3 the model.

3) Increme of entrance bength and & comstant contraction (dameter 8 mem; at 1be
free end of the nuem

4) Mouremmiy of e prevare drop atom 4 e wath thr same damenuom B
the model durmg stead  m1at cood nom wherehn senuin akcohol magometer Wi
isrd (*0 mm akohol column | mm H O

Fuxdomental prapertsis of heat tran for

There arc three fundamental w y of teat trander conduction, on rrion and
rdhation. If the w roung object 0 mon as wrll, beat ma 1o e ramferred tn e 03
of coodensation or e+ poraton (The L1 ur n oot decuacd m the paper

1t may be anuoned thal  the presem cxprrmsent oaly coa echon nd onducton are
emenmal. 1 wo air pames through the tube theen LJoaed asr will soon  fLatnihew Bremapet
pture Le through onduction and free com reton.
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When axr b Blown throogh the tube however specrl acrodynamc phenomeona are
Iovotred and the heat transfer is more intenee and more complitated (foreed contec
uoa) Part af the incommg air sdheres to the wall becainr of frichon farces and 30+
called Lxmmar borndary layer i built up (Fig 3) Botween this and the central turtmbent

by
thh state b resched at the  criteal™ vedoclty pant where  laminal flow w changed to
tarbakent ooe.
In epite of the turbulcnt Bow which normally exists in the vpper respiratary tract
(Ganazxe, AfatoveY and Bjowx 1952) such a Lamimar region 1, bowevar still present

condncton, whath o
Thercfore the thicknes of the boundary layer practically determines the degrer of beat
mber

Thowrrtical  acnlatsems

‘The hent traneler Ja charactomred by the brat transfer coeficiont (b) which & pprom.

matrvely lnversely proportonsl to the thicknem of the boundary byer 1t i defined by
Mewton's Law of heat tramsier as follows

Qb F (lefos— lram o) )]
e

Q= heat transer per umk of tane
¥ = st area.

It mary be olmerved that the beat tramaler coeffictent (h) vanes alony the tube. This
xmtion depends on differenees in structore and thackness of the boundary by er aloag
tho inser wall. Ax not cnly the boundary layer but also the main flow m the reglonof the
tube inlet nirongly depends oo the contraction, it may be expercted that alo the heat
Troeler mefioent thanges conederably at dificrent degrees of nlet constnenon. The
hﬂﬂnr:ly“cmﬁzmthh-—mpum.mﬁxuwzm the heat transfer codfficaent ar

hae oot yet been dand ¢ may therefore be jotfied
<1y briefly 10 ke some soprestons #2 to th venation in the vicity of the miet.
Ia the very first part of the nlet th : disturbwnces and alw no

bomdiy leyer Tt m, bewer Decraary w swame x ery high value of the beat
Mmhnnhdmm-mmmmmm
o whether it s fmlte (Ser Fig 4)

Temedixicly after the constrction there are more or kos statonary whish and therefore
the crchazge of beat betwemn the wall and the central part of the faw m small. Tt may
:‘;-mrdmmmmdhmawfmmmmmcfmm

marcases.
\\\mﬁmﬂythehmmxhnlhryhmubuﬂxupm constant thicknes the beat

Tmmmlnhwlmmﬁm&m alue b bngher

O lower than the value m the transent regon, but 1t does not scem mremscnable o

mmmmhmhmcmmo Leide, Pho D. for vakmhle
Sl with this pa of the tovestipation.



! Fig 4 Thcl'))ved'nkﬂo\'htk

soqunse that the anaton u in accordance w th g 4 [ ILruqurruvdb‘rfF-‘f“'{
tho figure the flow naket hed n 1xoad outlme with  nd without mict comtriciont
With regard © (he hosce of measureent method t . oaly powibl t determine the
toean value of the heat tramfer coeflichnt wlong the tube The nae of the nlel comdre
tion and th length of the tube muat therefore Rocner th mean alue
Daldes the heat tramfer cocficent the i temperature o vane aloag te ub?
It bt twrefore nrcoman t mtrodice (e nell-know  logan hmicooan-temprratre
dfference (Grzoy 19 7 which n expresd by be follow g equaton See b 3)

Qmba F "—E“‘ b OF Jim @
"
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From the cquetion ha may be wived

™ e}
The smoant of heat trapsierred from the wall per unlt of ticse (Q) bo the same s that  beorbed
Ty 1h pasing ale sccording o the follow by equation

Q= G (me—tw)

™
“where

Q= hat trazmfer per wmlt of thne,

€ = wnam veloclty {mmm per umit of time)

b = Tcea wemperane incromee of the sir and
» = mpecific beat  cometant preerare).

The ham velocky b calcudaed & the product of flow Tate (F) and mas densty (0) m llows
G-V g O]
Tina the Ioeat transir cocfiichent (ka! be aleulated from the T3
I, nernge (ka) may cqutges

=@ oy e 3
E A @

I thin oqmaten the folkowlng oty cen be amed.

£ g

= kaliky

Flam

Fin o

g

Tis the s erage bear tranicr cocfBoent (ha) B coprosed b kalme b °C.

Econple

The maoded provided with  commtrachon (dixmerer $ mm)

Tobe ianer macfoct b 091 10 m wall

A () 2470 and cutgolug st () 3107 C.

o denmity 113 gt aad specific heat — 0.24 Lealfiy "G
L3 ou @ @ si_ns

Ay =
T T g s - -0 kalmt G

36" C, ohune flow 60 lmin, room

) The loguithmin mesatonperaturs difference ean enslly be computed with the a8 of

12 een .
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Fig 6 Fg. 7
Fig € The computed beat tramsfer cocfi for the with pir wnd the
warfations in air flow rate ao  logerithme scale i order 10 obain b stralght lioe el
The theoretical for the beat transhr coclfciont (0.76) b drxwe [ = damewer 16
£. = diameter 8 mm and O « diameter $ men. The pressare drop vaboen (@) obuned durkey
flow with the 5 3o conmirietion, thow g slope related o the expecsed ooe
which & 20,
Fig 7 T recordings of room ale (ta) and the outgomg 8 (fe) a1 Bow razeof %
]

L‘nﬂnmmo{m Frequeney 16/min. The sochog appeaTy
mmulhmmmwwuuhmmmﬁmi

alr the yi}ent phose (10 the in the recordiog) when o sackiag or blew-
Ing takes place The plotted w0 the abn thow bow the recarded eempreteT
cunves are computed. The xero line i shilted 10 25-C and thie  recorded temperature corre ¢
30 Chas the amc appoarance s carve a1 20° G

Results

A, Trackeal meded trath iacrsaniag degree of mict constrchon

The following comtmection dismeters were wed 16 8 and 5 mm The
comtrctions correspond to & cromscctonal area of the horman larpnx, an
a-d.mzryu:chn]nnnnhnnd-meu:d)almmawbd‘
transfer coefficzents by mereanng air ov rates are plotted on a doable loganth-
muc scake m Fig 6. Temperature recordingy at an arr flow rate of 50 Imus
appear m Fig 7 The tempemmture differences (t, t) the a crage bt
ramsfer coeffient (h,) and the amount of heat tranderred per unit of
(Q_)ﬁumdrcnﬂmlhcpnmngmﬂr-ﬂapamcuumthu:dﬂmw
n Table I (mean value of three determinatrans)
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Fg s Fig. 9
Fog. & Tomperatre recordings at fiow tat of 30 Jmia {Feqoescy 16/min) whb
degree of catrance kength with the atd of p od tube of the di L the

8. Teaxperat Tecordinge Bow rate of 30 1 freqoency 16/min} with Incrematag
i“c'vu)dmmc:“hwﬂ:m‘h-; mcﬁnjﬂcﬂ!(&tﬁuuﬁdm)rﬂlm(m
)

B. Trackee! medel with earrasng degres of entrowce length.

A beam tube with the ;ame diameter and with the same kength (140 mm)
a3 the model and another mmilar tube with & tenfold length (1 400 mm) were
Freconnected to the tracheal model. The tempeature recordings at sn air
Bow rate of 301 fmin appear m Fig 8. The temperature differences, the average
beat transfex cocth and the heat ferred to the pasung arr 1n this senes
Ppear in Table I (mean value of three determunations)

Tabie L Temperatmy diferrncs (1 C) hast tramsfer cochomts (ha 12 Ecal w2k C)
o bout (rantfer por it of tume (Q o1 Leal k) scuth imcrwazing degroe ¢f mict comcstrictios

No cxxmiriction
frmr

e 16mm Som
-

1213 13181 22 373 20 17 650 o 63 025 22
250 |03 21 400 %6 33 650 7I5| 34  Q00
™6 31 TS 670 4B 000 0

558
&
£
-

g
&
£
4
&
g
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Table 1 Temperntwey differvaces (tin C) heat tramyfir cogficumt (ke ix Loal[m* b C)
and bewt tromfer pev wdl of time (Q in koelfh) witk increasieg degres of entramce besgth
ol with  constond inket consiriction

\owee Tube length
Bow

1 x2 x 10

nte

L LT [3 it b Q lta ke /3
& 373 a0 a7 200 204 20 250 70 13
0 400 %6 13 123 194 13 s 247 23
* 4N LLY.3 31 223 1318 13 3 218 20
x 450 62 22 223 118 12 3m 163 15
» 323 3 17 2.50 a6 os 118 nr 11

C. Traches! medel mith increaning degree of entresce length end ith & constant
comstrctiom (dlameier 8 mom) at the free ond of the syriem.

The temperature recordings at an air flow rate of 30 I/mn appear n Fg 9
The temperature differences, the average heat tramfer cocfliaents, and the
beat tramaferred to the pasang ar during ths experimental series are grven In
Table ITI (mean value of three determinations)

D Tracke! medel i1tk tacroasing degres of constrction compared wrth prevars drop
ocronetions

The peernre drops acron the model w th preconnected comimichons were alio
determuned (during steady state conditions) witha very sensitive alcobol mano-
meter These results appear m Fig 10 where they are compared with the corre-
pooding temperature differences (recorded durmg intermittent flov)

Discusslon
The axr fow within the human respiratory tract has lutherto mainly been
cootidered from a purely mechamscal point of view and hitde ateention bas been
Padd t0 arr fow patterns and apecially to the mmportant direct contact that
Sxm3ts between the respired air and the mocous bx The latter d.

bave reported what it flow rate they uwed. Worr nd Hoor Josres (1939)
h"‘bmdem:cqxrnnmnlohmnumcnﬁowpummll\mg

They studied the disributon of a dye 10 streaming water and m
oxperiments they injected argon with subsequent man spectrometer
Atalydt in gas samplings. As regards thar cxperiments on inspiratary con-
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ditlons, however no attention was pad to the Influcnce of the upper
rapiratory tract.

None of the method: d yields frctory information oa the very
cuential wall contact and thereby on the heat exchange that takes place between
the respired alr and the mucous membrano fn different parts of the humn
respiratory tract. Therefore s more comprehennve knowledge concenng
these problems s needed,

The present metbod — whrch 15 based on the close relatian between presure
drop flow rate and heat transfer in a tube with umform wall temperature —
makes such studies poxtible. The recorded temperatures of the air before entering
and after 1ea ing the moded yiclds smuitancous information on aur flow patierm
and the degree of wall contact during intermittent flow Thee condittons can
never be determuned by the use only of smoke, dye or prewure methods,

The degree of heat transferred 10 the air after pasung through the expen-
muental deviee 13 due to the shape of the boundary [ayer because heat is trandferred
Iry meam of conduction wathin the boundary fayer and by meams of forced
comvrction between thr layer and the free central air stream.

The cluef obyect of the present study was

1 1o test the method expenmentally for comparmon with theoreucal calouls-
uons

2. to evaluste the effect of vanatons in air flow patterm withun the bwman
trachea on the basss of expermmental data. The resuly, however also promde a
reason for more general comuderations regurding flow patterns i the whole
respiratory tract

Ad | The relability of the method appears from Fig & where the experr
mentally obtmined slopes for the heat transfer coeffracnts and the presiare drops
are seen to be almast rdentieal w th the expected theroretical ones.

Ad 2 Tracheal, bronchal and nasal aspects will be dncumed one by one.

In the engwal model without comstncuon the criveal reloaaty — the pomt
at which & lamunar fow becomes turbulent — was reached already at a S
rute of 301 mun, which may be theoretscally caleulated. Therefore 1t may be
concloded, n accordance 19th Garmier  MarLovey and Bjoxx (1952) that
wrbulence normally prevals within the adult trachea even dunng guret
breathing at st in both respiratory phases. In additon it 11 ebviow {wee
Table I and F'g 7) that a turbulent type of flow may exmt w thout any note
warthy direct contat betwern the wall and the umtream as the wowpured
oo alr pansas neardy unchanged through the ongial model independenty
of 2 rflow rata up 1o 60 'mm, 1. ata elocity [ar above the criteal ooe.

Trachenl conditions

1t must be remembered that no part of the rapiratory m“‘"“"‘d'b:

trachea, can be compared with & mxghlmbcﬁuuducmdwﬁﬂd:(m‘y

hnmhumlnﬂutnccmmﬂnr-wryund the mam beoach on exph
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flow patterny. The former factor is not contidered In the experiments made by
Wt and Hooe Jowrs. It is vanatiom in the type of the entrance reglon itsell
and not m the entrance length that arc enental. (Sec Table IT and Fig 8)
In spite of a preconnected tube (length 1 4m) hardly any heat exchangoe took.
place withun the model, The comstriction with 16 mm diameter has a cros-
scchonal area closely related to that of the adult human larynx during “Inspira-
ton”  Impration™ through this constrlction compared wath “inspration™
wthout any comtnction (Table 1 and Fig 7) hutrates the werease in degree
of vall contact dutally to the constriction In the former case. The temperature
of the emerging wir incressed by about 2—3  C which f in sharp contrast with
the very emall presrure differences obtained with a semitive aleabal

The direct comparson between beat transder and preysure drop s illustrated
in Fig 10

From thh it may be concluded that the human larynx functions a3 & constric
‘oo m an acrodynamic wense,

With incressing degree of constnctlon — &3 m the case of tracheotomy and
pathological procemes in the aurways {equivalent to the comtnction diameters
8 and 3 nrm) — the degree of wall contact abo increxses and the regron distally
to the comstriction 13 always the moat expased one {sce Fig 3) Therefore, dunng.

ration the mmucous \ roay be d. d by drying effects in that
reglon. This » nocmally not the case a3 the impired air 1 previomly warmed
and molstened to & very great extent m the nose. During prolonged ocal breath-

procemes. It must be observed that the temperature differences
in thn expenmental series were pot affected by variations w flow rates from 20
0 60 1'mm but naterally the amount of heat transferred to the air is trebled
which results 1n ncreased demands oa the mucous membrane.

Buncor, Foustin and Cosnar (1954) have made some cxperiments with
inhalation of belium and oxygen. They found that gas portions conuderably
ke than the normal dead space were able to penctrate the dead space and to
Teach the alveolar level which srggests a larmmar cone front. Thn statement,
however need mot oecestanly be irreconcilable with the present ones as these
authons used B0 per cent helum, which has a far lower demity than mr
and thus decreases or elarunates the tarbulence.

Bronchial comditions
In ther experiments on & lung model Wit and Hoor Joxxs (1959) found
that there was a lammar type of flow in the trachca dunng the mspiratory phase
UP U aflow rate of 101 of aur per mumute. At hugh flow rates (40 ljmun) eddying
W3 seen at the main carma and other nfi From our with
strught tubes and a constant constriction (8 mm) t the free end
of the mtem §t  ppeans (sec Table 111 and Fig 9) that the turbubence that
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anscs distally to the constrcuion extended throughout a length of | 4 o, There-
fore it scomt 1o be posuble that, in the human trachea (larynx included)
turbulence exsts cven at a flow rate of 20~-30 Ifmun and that the unsieadiness
in the air flow proceeds below the mam carina as the tracheal crom-sectional aren
Is pearly equal to that of the mamn bronchl (Jesersr and \exexoieo 1957)
Ths 15 however of Iittle importance for the mucous membranes In this region
since the implred air Is conditioned to about 80 per cent (Inausrror 1956)
already at the level of the larymx.

Nasal conditdons

A very intense wall contact and a relatvely thin boundary layer must be
experted to ocrur in th nose dunng normal condibens, Thy wssumpton
saturally presupposes a turbualent 1ype of alr flow in both directions bt prob-
ably (0 a greater extent during the imprratory phase. After sudylog the o
vougations of Sewrrax and of Srxeowu and Haunrox Toxoonrr (1938)
concluded that nasal aur flow during normal bresthung is at the verge of eddymg
or beroming turbulent. Pressure drop determunatom across only one msal
eavnty are unphysolomcal but on the other hand when they are made acrows
both nasal caviucs, they are “ery smafi and thus unrehabfe. Furthermore the
following informations make Ikely a turbulent flow n the pose a) irreguler
inner comfiguraton, b) narrower aoscctional area 10 the vestibuli nas 2
compared with that of the present modd, where tubnlence sppeared slready
at & flon rate of 30 lirmun and ¢} rapmd waroung of snspired arr as shown be
IrorisTeDT and Tomeumaru (1960; (Dunng breathung in a cokd chamber &t
—12 C the insprred wr had a temperature of — 25 C already when it reached
the eppharynx.)
! Conclusions
and desations the foll conclusions

From the present exp
can be drawn

1 Ar flow studia w the ropiratony tact are of great interest of they alo
)iddknfmuonouthedtgmnfcmudbdmlhcmmmmbﬂmﬂd
the rapred mr

2. The shape of the boundary layer — Lt up through fnction to flow —
I very important and determunes the drgree of wall contact and hereby 3ho
the degree of heat tramfer to the mpured ar

3 A wurbalent type of flow exists dunng both respmatory phases m the nese
trachen and maun broncha dunng normal conditions.

4 From a fonctional paint of view the human larynx s the narrowet fogt0

entre resperar fract and funcuons as & constrictron nan @

:;:Thcuxputd?uyﬁnmmwmdmthhnﬂndmlbcwbglﬂfﬂ‘"
‘bmmnstqucudylhcbounduyhmudnTud?f.?;hhmy be of Imporeane

at projonged oral resper and 1 patholog
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On the Orlgin of Lithocholic and Ursodeoxycholic
Aclds 1o Man
Bile Ackds and Sterolds 106
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hyris Hevtstads and Jas Spovart
Reorned 12 Octuber 1960

Abstraet

Houmow, N and ] Spvais. Ox the sipe of lubekeln omd
wrxadensyrheln soxds tx max. Acta plvmol scand. 1961 51 218233 —
Chenedeons cholc ackd-24  C was g en peronally 10 two beakthy pr
som and wimienoml) 10 o pavent having ke fotute | the
normal rubgects hile wan collexted from the duodemum evay moramy
for trrre da ¢ Only & fmnor part of the chenodeary chalic sod bad
been mtabolored. About 3 per eent of the sctn by recovered from the
bealiln subjerts was present s Inthochalic sod. U nodeors cholxc scd
acountrd for  per ent of the actn f m ane of these mibgects “ooe of
thar ads ware found m the bu~ fstula putbent U pideptifed Labrlled
compounds more palar than  henodemn cholrc acd were pracot 1o 21
bile omples.

Lithochalic and ursodeoxy chol'c acids ba = been molated m sl amounts
from humsn ke and Lthocholc &d hay abo been found m human feecs
(SopoTRA 1937 SitrvALL 1909 MosrTrio of el 1958, In ras and rablet
thae aods cn be formed from chenodeany chobe aad (Soarisos 1939
A{ATOWALD «f «f J95B, Noxmax o of 1950, HeLumow o o 1960) Seoce
chepodeoxycholc add 13 ene of the mam bile wrdy sn human bide knowledge
£ 118 metabolsm 13 mmportant m quanntatve sudses of Luke acd turnover 1o
arder to see whether lithocholic and ursodeoxy cholie 20dy can be formed =
unndu:mgthem!cruhcpzhcwuhbcmofthmodmx)choh ad we have
qven chenodeaxvcholi acd-24- G two bealtin subjeces and ape pavest
+atb a e fistuta. The rouls are presented 1 ths paper

218
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Fig. L Left amve Ch of Labelled ink bile colierted from
sty admimbstration of labedled chemodeom)chollc scid to  bexhby smberr.
Colunen Supercel, phase nsterm F | Right curve of

Experimental
Chenodeomy chabc aad-24- G with a sperific activity of 10 4C per mg was synthe-
wred accordmg o Burosmaox o . {1933) Unodeorycholic acd, m. p. 202208,
fernals

Extractrm and chronatogrepky The bie ssmplay were sdded 1o bout 10 olumes of
ethanol Atrer Gltranon and ¢v poration of the cthanal the bile acidy were hydrolyzed
121\ \uOH at 120° € for 6 houre. They w ere then cxtracied with ether after  adifica-

Bon of the aqurom sostion. Reversed phase chromatography wis performed a1 pre-
hﬂ) descrbed (Srovary 1953, \owwax 1953)
The fullowing sctvents

were med.
Ther maem Moving phase (ml) Statsacary phase (ml
c1 Methanol-aster (30 130 Chiorokorm-sooranal 15 15
T Methaool meter 165 {35 (hloroformeheptase 45 5
F Mcthanolwater 180 120 Chloroform-hepeane 43 5

Hidrophotze Hyflo Supercel was ined a3 the mert support for the satonary phase,
Rachoactivity was determined by counnng of an mfinrtey thin layer oo alumunhem
Planches  Freeacke Hocpfoer (FH. 51} mmthane gaa-flow conmtes
Rasults
Vermat subpests A total of 14 and 26 per cent of the radmactivity was recovered
fomﬂmduodmmdlbﬂrﬂptﬂnvmbgcmnﬂcrdmldmmmumof!hﬂ
labelled h aad Ch e y of the hyd. ‘bdc)
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Fig L Left cun Sccond rechroma of bend B 1| left curve) together  1th wn-
Labelkd ke § Sapercel, rytn:mFl) curve Re

acid._Cohsm
h of band D (Fig 1 keft curve) wlth anlabelled | ke acad (e
:W Dl&lpﬂmLpfutryﬂuFLEgdlm Titration. Dotted lines Radw-

phase syatern F 1 thowed that only 9 per cent of the chenodeoxycholic aad
had been transformed 1n both subjectr The result of the analyns of the bile
from ane subject 18 shown 1n Fig 1 (left curve) As seem, a small peak of radio-
actvity appears with the front (A) The mam peak has the same eJution charac
teristics as pure durd chenodeoxycholic acd, Ursodeoxychol ¢ #cd 1
fluted from the columms alightly faster then chenndeoxycholic aad and if 2
small amount of labelled ursodeoxycholic acd were peesent it would be expect
ed to elute with the first part of the large chenodeoxycholic acid peak This
peak was therefore drvided 1nto two parts which were rechromatographed
scparately (B and ) The fractiom collected after the chenodeovychlie ackd
peak were combined (D) for further chromatographic analyth. Column chro-
matographic analyss of the bile from the second subject was sumilar to the nt
and the fractioms were treated 1n the same way

Band A (Fig 1) was rechromatographed with phase systom C 1 and the
result was rdenteal for both subjeets (Fg | nght curve) No peak of radio-
activity was found with the titration peak of the cholle acid origunally present
in the bile (Flg 1 right curve, 150—210 ml effiaent) At least three radioactive
compounds not identical with cholic acd were present.

Band B (Fig 1) was rechromatographed with phase system F 1 and the
fractions thought to contam : holic acid were Iined Thox
Gactions were agam rechromatographed after addiuon of unlabelled ursode-
axycholic acd. No labelted compound +as cluted with the urnodmr}'dwgﬂ
acld peak in one of the subjects. However labelled materual was found m the
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Mozt of the rahoactvity both in band B and band C (Fig 1) camaded with
ﬁxﬁixnknpukaﬁbcnhumdmxychoﬂcmddwnchnlcnnﬁs{mmd\zﬁh
Tt way thered as d: chohe sed.

Thcwmbmcdﬁnmmdmgmt:dn(ﬁ; l)mrechrmmgnp!wdm:h
Mqﬁml’?dmu\d.mmd

ounudmgmlhthzhmmpakolmzmm:fmmdmboth
One of the ck u shown 1a Fig 2 (right curve) Un-
Srtumately evystalinaton of hihocholic and on the column revulted m the
*ppearsnce of 2 double peak. Tho 0 not coroanly seen vatk bile acids sther
than Ethochalic actd. The wlentty of th labelled compound w th hehocholic
acid way extablubied by sotope dilution.

Bils fiuin potant To avoxd mfuenees of the ntestmal flora an the metab-
Mdﬁmchmndcmchohnwxd.thzhbd&eduﬂmgnmmimmy
W the patsent w th & Totube m the common bl Guct. Although the feces were
2chalie, panage of bile into the duoderum could 5ot be commpictely excluded.
Thevefore cmly th bale excreted dunng the first 12 bouns afisr the myection
»2 ued for the snabvds of the Ixbelled compounds frrmed. During e e
about 23 per cont of the activity mjected war  ecovered Chromarogrephy of
thhydm)yxdixlcihowedthnlboutUpcrc:mdthclumtywm
W compounds mor  polar than chenodeaxy cholic xesd. The rech
dmmmmmmCIhmeqsmmw
Fram i womubac 1o the ooe obtained wath the bl of the normal wabjoets (Fig.




2 KJELL HELLSTROM AND JAN 5JOVALL

1 nght curve) No peak of radloactivity coinaded with the cholic acd utraten
peak (about 200—-300 ml cfnucm) Rechromatography of the fractlons thet
would have H cholic and lithocholic aclds respectively dud
not reveal the presence of thewe acids.

Discussion

The results obiained Indicate that chenodeaxycholic aerd o les extemuveh
tramsformed in man than In rats, mce, pigy and rabbits. In rats and mice the
3a, 68 7a- and 3q, 68 7f-tnhydroxycholanic acids are the mun metabolites
and these acids are formed from chenodeorycholic acd in the Liver (Hua o &
1958, Savvurimon 1939 DANtELnO® ef ol 1939) In pigy the mtestingl flora b of
great mportance for the metabalim of chenodeaxycholic acid. The sod b
Gu-hydruxyl.lledin!.h: Jiver to hynchohc acld which Is then translormed fnto

yeholic zad by b {BeroTTROM ¢ o 1955)
Tb.b transforrmation mvolves the removal of a 7a hydroxyl group 1n analogy
with the formauon of deaxycbalic aad from cholic acrd and of hihocholic
zad from chenodeoxycholic acid (Li¥psTEDT of f 1957 Bexastdy of of. 1958,
Noruan of o« 1960) Removal of the 7a-hydroxyl group from chobc and
chenodeaxycholic acds appear to be a domunant reaction in the bile aod
metabolixm of the rabbit (LivpsrepT of of 1957 Hrrisrnoud o al. 1960)

In the two normal human subpects studied bile was collected every mormmg
for three days after the admimustravon of labelled chenodeaxy cholic aad. The
combined bile samples from cach of the two subjects cantaned about 3 per
cent of the radivactivity s ithocholic acrd. Tha acrd was not to be found in
the patrent having = bile fistuls indicating that the Lthochalle acrd 13 formed by
intestmal microorgansms as m the ease mn the rat (Nowuaw # of. 1960) Acids
behaving slmilar to, but not :denueal with cholic #ad were found 1n all three
subjectr. The ch e of these comp is were sumilar and ¢ 15 there-
fore pomibie that they were formed in the liver Twn per cent of the radie-
activity m the bile of one of the normal subjects was present as ursodcoxy chobic
wad. This acid was not found n the other subjects but t 1s known that ur
sodeaxycholic acrd cannot be found 14 all human b le samples (Sjovarl 1959)

The techuical mcsancr of Mum A. Bjoaxsca aod M AL, rmumdmv-dw-l-
cdged, This work was supported by grant from Sistems Mediansks Fordmmgod and
the National Hosrt Imatitute Natsonsl Intitutes of Heslth, Betbrsde, Manlaod. U s\-

(H 2842)
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Tyramine Effects on Catechol Amine Release
from Spleen and Adrenals in the Cat

»r
L. StjAnxe
Recefved 14 October 1960

Abstrace
SnjAn, L. Trromus cfcts om colechel avone reives from splan ond
i the ol Acta physol scand. 1961 $1 224229 — Recent
:n:ibmﬁ:-ymplhnmmcdccﬂ‘motrynmm-uamrmn

may act by [ & Iine In the present apert
ments dircet bioamay of the venouws efftuents from the sphern and the
adrensh of the et d that the d o Jevel in splenic

Tin blood was clevated by tyamne, whereas in the adrena! venous
blood both the sdrenaline and poradrenaline level were either u~
changed or depremed. The docrepancy between the effects of tyramine

bound 0 some structure probably 11 clse relation to the sxone,
a ailabl t the receptorn.

The observations of Burx and TArvren (1931) that tyramne Jost it dilaror
cffect on the cats i3 afier denervabon by removal of the supersor
ganglion one or two weeky proviously and of Bunw (1932 that the mrca-
strictor effect of tyramne m the cats foreleg vas reduced or abalshed after
sumilar removal of the stellate ganghion, suggerted that the sympsthominmeire
action of tyramine 15 dependent on mmct sympathetic innervaton.

Tn 1953 FLyckrssrens propesced a3 oue posible interpeetanon that fyramos,
nwdluathcrrympldmmm!cﬂcummahavm;mhydmgmlmm“'b’
p-arboumthclidcahunmdndmrmhydmxylgmupinthennguomnﬁ
mmpanpodﬂon.mxghtam s actron by relesnng norzdrenalone.

224
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The recemt finding, that the rictor action of dne n strongly
redoced after the syratheucally innercated organs have been emptied of most
of their catecholamnes by reserpine treatment (Carisox of ol 1957} as well
23 the observation, that ity nocmal action can be restored by noradrenaling and
to some extent by adrenaline infinfons intravenowly have been regarded as
farther  evidence that tyramine acty by releasing poradrenaline (Buxy and
Raxp 1938)

In vitro axpeniments have demonstrated that nyramuine liberate catechal
ammes from polated sorsge grasules, both from splenie nerves {Eoies and
Lamagxo 1960, Scirfuax 1960) and adrenals (Scruaxx [960)

The present expenments have been desdgned to study the action of tyramune
ot the adrenal medulla and the spleen of the cat, by collection of the venous
cfftuent and direct determumation of ity catechol amine content, followmng
Tyramine adminotraton,

Methods

Csts weighing 2.5—8.0 ky nod snesthetzzed mith \embutal 35 mgAg bp, were
Prepared foc collectiva of adrenal vem blood scrording o the method of Scrarmo and
mlw Heparm was grven a1 anticoagulant, 4 me/kg L minally and half they

bour

The adroval o blood was collected m d d fuge tubes. After
too at 1000 g for 510 mm, hematocrit and olume were determmed and the
P withcirawn and sored in - freepe-box for subseqent bossay
18 order 1o atudy the relanomtup of yasocomtnction in the spleen to “overfiow  of
noadrersbine in the venow cffnent, the following procedure was used A clarmp was
Placed croms the onddie part of the apleen, and ane half of % was perfosed with arteral
Hood from the left femaral artery of the same cat by & Sqguta motor pump, grving &
comstant flow mate. The arterml biood promue m tha aradt, 10 the prosent report
wm~wmmu-muﬂummﬂmm
™€ ind respiranon were recorded oo Geass pok umng O

The enous cffinent from the micen was collected mtermtrently accordimg
0 the mme poocples s those wed far the adrenal  em blood. The mam em was
Bgrted 2— om from the angan sod & polyeth ke catieter was mtrodoced it the
£, pomimg wwerds the spleen  Daring collection perods the blood was d erted
Oromgh  Tombe s graduared cenmfige tubes, wberess m the nrervals 1 was re
wmmﬂnmmwmmamﬁmmmmm

from (he the wEr m a freeze-bocfoc hater

o nd ecpuration ceDs, plarma Tepe o

> For any of
e sdremal vein blood, the cat's bood presure asd dre beo  recul caecam wers
wed. Premor activity m spleme vom was determimed oo the blood prosure of the

between
*dremline and poradrenaline s the spleas effbent moc 1t w known that more than 90
Proceat ;m noeadremaline (Prast 1942
The effect of tyrsmioe on the weretion from the adrenals was suadsed before and after
devcrrtion by splanchawotoy

3613015 Acta phymel seund 1ol 51
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g
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f Ill'm !?u
LT 3
1
hiad STHTOMC AP o
I
i N
ARY mATE
3 I . Flig. 1 Thr effect of 05 myly
_: DOma tyrmine intravencwly on eplenic
a arterial proware,  poadrensfer
E [L ONENAL BLEND Wommm.ﬂm::
T ' n dreoalie sl Boradrroalize -
¢ i N = eretion from the Janervated ad-
TT Arial 83 ngfmy el
Results

Tyramne 0.5—1 0 mg/kg: v 1n the cat camed u powerful presmor respomc,
oceasionally preceded by m depressor phase, and a somctrmes extreme tachy
cardia, afier pretreatment with atropine, 6 mg/kg intrapentoneally
. The eardwovaacular respomes 1o repeated dases of tyramune showed a rapd

“decreasc In cats treated vath reserpine, 3 mgfkg v 1—2 houry carlier The
sutial reiponse was partially reytored after L v infinion of 15 pgfkg/mm of
noradrenaline for o mn, after the blood presure had returned to the proan-
funon level

The adrenal medullary seeretion showed 1o increase during the peak of the
pressac repanse to tyramme. On the contrary 1t was clearly depressed in most
caty with intact adrenal innervason. Thrs depresuon was not seen after adrensl
dencrvation by splanchmcotomy After the peak of the cardigvascular respouse
blood pressure and heart rate often fafled to return to the restmg level for aboat
10 mun. Dunng ths phase there was a sight wncrease of adrenshne and nor
adrenaline m the adrena) vein blood

A furtber atterapt to late adrenal medullary with Ine was
made by perfunng an solated cattle adrenal according o the venow perfinion
method of Hacker o ol (1953) wnth oxygenated heparinaed blood from the
nmcmmanddimmmmthcnwcbollmm:mmﬂnuﬂhcd'ﬂucm
was scen a4 2 result of an mfuzion of tyramine, 10 mgfmun for 10 mm.

mrmmgnondrmlhneln'dhth:lpkmcvnnbloodwnclmclotht
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threshold of the present amay method and u represented 1n Fig 1 as bemng
ko than 2.5 pgfml. Duning the vasocomstrctor phase in the splcen follon ing
tyramine premor activity In splenic vem blood rose to 6—8 ng/ml

DHecussion

The icrease in prewor actwity n the splenic vein blood in the eat cawed
by tymamme — av & ugn of an increased  overflow” of noradrenaline —
confirmu the hypotheus of FLIcxmesTED (1933) that tyrammne exernyitssympatho-
manctic action by causng a local release of noradrenaline.

Xcmilar observations have recently been publuhed by Locxert and Eaxy
{1960) They found that tyramune caused an increase both in the adrenahine and
Lh:nmdrtmlm:mnommumno[plmrmmthe-oruhnnctrmmthc
vena cava of ad L aats. Their il
b that tyramine Kberates both adrenaline and noradrenaline dther from sonre
#ores In the arterial walls, or from the red cells.

The adrenals do not ibute to the dk lar effects of
tyramine, m the dosage used. Tha f3 n agreement with the results reported by
Sragurian (1960) obtamed with a different techmque. The inhibkatlon of
the adrena] medullary scoretion during the peak of the hypertenmive response
e m most of the experiments did not octur after sdrenal dencrvation and b
thew probebly reflex in orgm. This n in accordance with the experiments re-
ported by Scraxrpryver (1959) who found inhibition of the adrenal medullary
»ecretron when the salated perfused caroted snus of the dog waa exposed to
a local clevatlon of premare, relatve to the systemc premsure.

The amall increase m adrenshne and pomdrensime scaciion from the
Rdrenals seen after the peak of the premar response powibly indicares same
toatribution fram the adrenals to the persatence of a slight Jevation of blood
mmdhannm.ummmdmrudngmHm thm rereare
Taxy well be a reflexty “rebound anee t does not serm
® octur afier adrenal denervation.

The abscncs of amy definlie dgn of casechol amine release from the polated
Perfised cattle adrenal, even wrth a very hugh dose of tyremine, may be re
garded a3 additione] evidence that the intact adrens] medulls b very imemitive
tolhc-mmch'h:r-ungeﬂ‘enohhnug\:nt.

The present resulny wndscate that the effect reported by Scandar (1960)
that tyramine incubstron aceeleraics the spontancous relesse of catechol armnes
from isolated storage granules from cartle drenaly does not operate on the
muet organ.

On the other hand, the it by of Line in vitro from
Bolated storage granules from splenic nerves n cantls (Evtam and Laitajxo
1960, Scrumarmr 1960) may well explain the release of noradrenakine from the
cats splern, btaned m the present experiments with yramine
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Mmmngduatpncybcumlhculndwhmndmngcﬁmonyﬂ
mune mn the spleen and the adrenals might possibly be explamed 1 ferms of
differences m accenubility o tyramine of the storage granules, bn the two types
of organ. Or else there may be a difference in the senutvity to tyramne of
storage granules from nerve twue and chromaffn cells, as actually mdreated by
the diffrences in threshold concentratons for the releanng effeet of tyramme
olserved in vitro (Eurer and Lonajko 1960 Scriuary 1960)

However the fact that even a very hugh dose of tyramie doos not release
any apprecuable amount of catechol amines fram the adremal, whereas a gmall
dose Is an effectrve releaser of noradrenaline from the spleen, suggesty a diffaent

The restoravon by an Lv  infusran of noradrenaline of the gradwally
decreasing prexsor respome to tyramine after reserpine treatment observed m
the present brvesugation, as well as several smilar observations m the Literatare,
notably by Bowxand Raxp (1958) mdicate the existence of a storage mechanmn
for crenlating catechol ammes

In coptragt to the ntrasxonal storage granules, this store appears to be
charactenzed by a very limred uptake capaaty judging from the fact that
uptake has been possibie to demonstrate only by the senutive radicactve notope
methods (Axerxop 1960) Yet it 13 funcuonally important, since it restores the
effects, not anly of tyramine but of sympatheue nenve sumulation as well
(Roserr 1959 Bumw and Raxp [960) after these have Leen abolished by
reserpene trearment The umplicanon of thiy appears to be that the postulsted
storage structure 3 closely related to the nenve fibre, postibly even focated on
the surface of the axone
y Matm d that the sympath action of ty conusty m

= releanng naradrenaline from a storage structure of the sbovementioned type
related to the posiganghonc sympathetic nenrone but not to chroamaffin celly,
the drcrepancy between the effects of tyramme on the spleen and the adrenals
would scem to be explamed.

The observauon of achyphylsxn m the Llood pressure raponses to tyramne
Jess than two hours after reserpine, 23 well ay the parial restorstion of the
tyramme response by a noradremalme infuwon arc in agreement with the
findings of Burn and Raxp (1938) In normal cats the blood pressure responsc

{0 tyrampe remams unchanged for hours, whereas in the experiments deseribed
h:r:nnpiddcdmchnxcmdmmgmmuu:-ﬁ:rrunpmz.ﬂmmcrph:
evidently interferes with the resynthess andfor stocage capacity for noradren-
aline.

Tios i estigaton wes apported by grant from S cnska Salldapet for Medimsk Fonlnkg-
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Respiration and State of Wakefulness in Normals,
Studsed by Spirography, Capnography and EEG
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Abstract

Briow ko and D H Ive Ax Regwmom md sialv of aabyfulness

stufied by pirograpl) ioprmgraghy amd EEC Acta phyool. scaand. 1961

5! 23038 — In sxteen novmed mebrects the relapon betwern the

state of wakefulnem and the resprath ducd by recortlg contls-

uownh  the venidaoon (sprrography) the ahveolsr carboa dieode

termon fcappography) and the LEG Records were obtarned in the rest

g atate awake, 10 drownoom and, (0 nuse of the subjects, m sheep and

durmng sroussl, 1t wes firmed that I i and that

the & colar carbon dxande teonoo increass un deep (Magvizan

194 When the BEG showed asable pattern of ¢ alpba-actniny or

xdeep wa e, the bresth to breath  armatone in enulation and sheeolar

carbon dirod  teroon were small at rapectve kevel, Ther was i ol

the uxteen casy  closc carrelaton o unre betveern madden changes m

EEG and changes 10 the respratory varabier recorded. The findmgy

mxgens chae § retath between the y centers

of the braun stem and the retscular setivating naern w el supposcdhy

controb the cortical stat of excitahbilsty
In his monograph on respiration in dleep, MAgvuwe (1944) cloerdy dem-

d the dufi © between keful and seep w10 aVeTREE T
spuratory muute volume and ahrolar carbon diaude teanon. In slecp avemage
ventilatian 1 generally decreased and there 15 an ncreased carbon diovide
senson io the alveolar our ax compared wath the wakeful state Furthermore
mdﬂpmmumﬂylchﬂmmmcbm‘ngmeddxbdxnduﬂ
Leeath as recorded w & rapratory alve at the mouthplere by & promse
scoutrve dence.

0
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Alveolar carbon diexide cancentration hay been further ytudied by Roroe
et al. (1958) and Brenreen, Sz and Hivaax (1959) v ho like Maonowex
(1944} found a decressed senmuvity to carbon dwxdde durmg slecp in normals.
Rern and hxrroao (1958) in estigated respirateon i aleeping subjects at sea
kevel and afier acclimatimtion to high altitude. When falling saleep there was
2 definite increase in threshold valoe of ventilatory respomse to earbon dioxide
at both alutudes,

In the present invesugation we have recotded the EEG continuowly in
parmal subjeets which spontaneowly passed through the stages of wakefulnest,
drownnes, sleep and arcusal. At the same tme, respiratory fimctions were
Tegmtered by meam of P y m well {nfra-red
amlym of the earbon duoxide content of the ventilatory air (capnography)
The end-plateau” valuc of cach expration was taken to represent the alveolar
arbon dioxlde termon (Pagy,) In ths way it was pamble to study the gros
tune relationships between changes m the EEG and in respiration when changes
i wakefulnes took place. 1t wall be shown that sudden EEG changes durmg
thifly In the state of | vere panied by rapd
alierations {n vennlation & well as in alvealar carbon diedde tenmon. The
renilty suggest an intimate functional relationsiup between those parts of the
bran gtem which determine the cortical exatatory state (s reflected in the
EEG) L c. the so calied reticular activating system (Macoux 19.8) and those
commonly designated as the respuratory centers

Material and Methods
The tmangaton was carned out m the moming m sixteen normal subgects (ten
fomades xnd six males) aged 22 to 60 most of thes beng nightworkers ¢ the borputal
*od serviomed to gomng to bed ¢ the tume of the recordmg perod. All persors had

10 %0me cases e ectrocardiogram was recorded by two chectrodes placed oo the righ

The mubject to be mvesugatod was 1ying comiortably in reclmbng padtion sod wes
tllowed 10 breathe thrugh & rubber mouthploce, the crreoral pant of which was glacd
Ut ght wuh Maetx to the upper and koveer Lrp. A noseclip wia aho wed. From  thin
mewd tube m the mou bplect  small part of the venhlatory ar was conti noudy
“ﬂ*ﬂm:m brorption analyrer for carbon dlovide (Capoograph, Godart)
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oo § h;{]mhw-ﬁdwm)hmlmhrlhc&mdnfmpu
o )
tarples wore iken  the 1), the suddle (2) aod at the oad (3) of cack
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Fig. 2. Mormal fermale aubjeet, 20 yean oid. Duggram of conseructve breath by breath vartatom
of veuflationand P 5 &0, n retation to E£G durmy period of drowsinen with fuctatiog
wareoem, The t\ Pacn, lndicates o veotllasory ropoose % earbon
Bk, S wr for fartber

The eapoograph wed permutted & deteehon of  cry sl changr In Peoy (secummey

rexporse op to 100 cycla per see. The end-cxperatocy carboa tension
(o erwd 0 STPD L. and promare of dry gas) for any sogle
reath was mesned end-platesg value of the record with an accuracy of =

humed 16 the gxrometer (1 which wm d to the
two-way valve. A closed splrometric #ymem with soda hme atsorber and gas clrealation
£ was maed. The added respiramry dend space of this  pparans was 15 mi

During the whobt recording penod which penesaily bastad from two %o four bours the
OYgen roomamed was contimonsly replaced through  flow meter The oxygen 1 the
e wis mamtained at the kevel of 40 per emt m wr Thiw, atry stimnfanon from ow

Dhfferent matrs of walefulnem were clumfled from the EXG according 1o the
Looum, Flaavy and Homan (1938), Grae and Gom (1931) and from Juen (1953)
A1 rule, the wippecs wer  wake inttally with a more oc lem cononuom medulated
lpha actrrity i the EEG (stage A) A period of drownne ther followed wath fluctus ting
Ewarerms durmg which the alpha actvity dieappearsd 10 the EEG and ther developed
wame thetd scmaty (stage B In nine caecy Hght seep with slow waves and skerp spladies
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Tabe [

Clango in vemtllauon (Vr) dmwm&mﬂ‘wmmx\
g{eﬁwﬂ)lﬁc(ﬂt@/hﬁnkﬂlmmum e
columes matked  Index show the relative chang: b entilaory respoase s
umADlhcn!md‘ruﬂPmmlbemmo{lmmﬁwhn\h(m?

trge of wakouinemw was chasged)

Sex Ape | BSA A (Awake)

m
Sr 3 Pico, Vs Index

1faln ioXY mn HE  Paco,
] F ] 173 540 109 24 o !
2 F 2 170 485 29 LX) 050 !
5 ¥ . 108 816 261 372 o 1
b 500 2183 379 067 '
+ P YR 200 ats m =X 12% t
s F ] 153 s 19 363 om t

{stage C) and o & few cares deeper sheep with hgh voltage defta actrvity (stages D and
E) then follow ed. At the end of each recording perod the alecping sulgects were umally
aroncd by beiny talked to and the cnsumg changes were snadsed m the EEC and the

‘perogranm,

In five of the sulpects the quotlent \ 5/Pacy (ss the mean of ten comsecutyve breathy)
w a1 calculated for different states of wakcfulness in order 1o get an mdex of the rolatne
h:mlu cnutatory resportee to carbon diaads between the different states of wakefol-

Results
& complete seres of ecordmgy including wakef Iness, d owanes and deep
1as obtamed 1n 9 of the 16 subjects studied In 8 tew cases perfodic breathing
a3 recorded miermuttently at a certam Jeve of wakefulness. Such find ngs are
not dealt with 1n the present report, which 1 concerncd with thosg respiratory
changes which 1n a maore or lexs complete fashian could be recorded in all sub-
jects which went to sleep and showed the characterisuc ECG patterne.
The main finding of the present myvetigauon, the clase correlation beiwetn
he EEG pattern and the venulatory state was demonsirated both at steady
states and duning sudden o gradual changes in wakefulness,
At steady state, 1 ¢ when the EEG pattern was  homogenous for lomger
the venulation (v,ml/nnn)mdlhc-lvninc-rhmd;m:dctcniw
P, i mm Hg) vaned very btte In dugramman form th fact 15 demon-
Emm‘;d w Fig 1 m which three equally long perrody dunng wakefulnes,
drowancss and sleep were analyzed 1o on subject. It 13 seen that the ¥ r/Pamn,
rthuomhxp(nwd:fulnmundm secp — with contnwouy alpha activity o
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e body wrface aren (B8A) | Pag, cureg three mago of wakefuinew, A (xnake)

(0O, soikiviy™) when the conmapondiog quotent VTMSA [ Pacp of sape A & bim
B the value mached whbh  where there wore oely i comsecuth broates beiove the

B (Drowsy) C (Adderp)
Ny Pacn, \n Index N\r Pacn, Ve | Index
Vme  {mmHy  Pacsy lwin o Hr | P,
168 e ar om 418 332 (%] ars
1z B a6z L1 138 s 050 o8
167 %7 06t 091 - -~ - -
i %3 (Y3 LY - - - -
=2 o1 114 030 €33 H3 (T4 (2]
1% 0 [ %] oes 136 L34 o8 (5]

sleep-patiern 1n the EEG respectively — remained withun marrow hmats (Fg
1 arcla and dots rexpectively) In contrast, the same relatonship n drovnnes
with 1ts fluctuating EEC pattern showed large vanations (Fig. 1 cromes)

In the disgram of Fig 1 it u aho 1cen that dunng deep the ventlation

bed and the Pacp, 4, 1 ¢ the peants in the duagram aufied down
to the nghy. This foding confirm fully the observations of Magvmey (19H4)
and the other autbors menboned above, who studied rapimuon in sleep.

lu five sabsects more data were oh d and the hl
memm:bmd}uxlde(\ht carbon digmde seontvity” Le the VfPagr
quotient) mﬂdd\mb:mmpnrtdd\mngdxﬂ'crtntpumdsufcqmllmg\h
showing EEG patterms A, B and C, rep
teep respectively In Table 11t seen that of the  senmumity™ dunngtmgcA
was taken ws unit, thep  wenmtvity 1o stage B vaned between 0.69 and 092
lndnu;gecbﬂm‘lﬁmdom lnhu:rupcnmcnudu carbon dioxide

g carbop

dmnicm\nmdoln(byr:bruzhing)udaﬁ'nuﬂkvchdnd&nlnn
The revuln of these venutty tean will be the obyect of a later publication.

During changes from wakefulnes 1o aleep, or the oppomte, dunng arousal
the ventuatory changes were aho found to be very apd In Fig 2 and 3 two
examples are grven of the concooutant EEG and rexpiratory changes when »
salyect went to slerp and was aroused.

In Fig 2 the nang Py durmg vuccoamve alphalos and thetaddow wave
appearance ot chearly scen The ventilation In this case showed an initial mo

&




]

XHUT BOLOW AND DAVID IL INGVAR

S
Gocooa

o

|3 B3
oo o

coccasse
BHRERASIN

VRS VAR Y R Al b At ]
Rl I LY Y N U )

) ) % ) P Bere

3 Normal femahe n !
ﬁm Jh&w Tean odd. Disgram of entllation and Papy, darmeg arocm

mdden decrease. Such a lag 1o the Py, durning the vutisl minute of dlcep

) Both from Fig 1 and 2 t 15 evident that the state of drowsimess represents 1
nonAateady state a which the venulatron vaned very closely with the EEG
ch-ngnbctmthzmkcfulmmanddwdceptypc

Dixcussion

Inmemﬂmdthcrmﬂuu:h-wnmpzcdmcwunmlﬂh&dm
{CoLirm et al 1955 Antumen and Nievsen 1957 and others) that in normul
humans at rest (with nmct L perfunan rel hip xnd hanic
of the Jung) there s a close paralleliom between the artenal and the mean
alveolar earbon diomde tepuon It vas also mentioned above that the expimn
tory end-plateau Py measured n normals at rest might be regarded a9 re-
procntative of the mesm alveolar P, Hence, 1t would seem justified to con-
clude that mnder the present experinental conditions, | e. at rest n steady
state, the alveolar end platcau Py, recorded provides an mdex of changes In
the Py ufthelrtcnalblood,nb.whuuynﬂmmcrﬂpnm centers. This
mdex should, however be dered & relatrve mnce t canoot
be concluded that the alveolo-arterial Py and the tenuon exerung Jts effects in
the bram stem are wdenucal
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In the present beeath by breath analyses the total ventilation, not the atveolar
ventilaton, has been related to the Pocn  Dunmg regular breathing at rest the
tidal volmme vanes clasely in parallel with the effective alveolar volume (Gray
Grovixs and Cantan 1935, and othen) Since, furthermore, the vanations in
ventilatory frequency at rest are omall, the changes in total ventilation may be
mducdmnrychndyh: panallel with the effective alveolar ventilation

Y of the resp y centers to carbon dioxide may
dﬁcﬁr:bemmruifmmlhzmul“mﬁhumnlﬂnuhmunlymdcnm
<hanges In ventilation are mvohed

In vicw of the smumptiom made m the afaregomg section we have inter
preted the present results n the followmg way

In general, the cardier findings of Maoworey (1944) and others have been
confirmed. In sleep there B & decreased ventilatory response to carbon diomde
a3 compared to when awake, In addition, bowever by the we of EEG it has
been pomible to show a close ttme relatomhp between tranment, sudden, or
gradual, shifts m wakefulness and changes in ventilation.

It ahould be emphanzed, honever that the present technique haa a Lomted
tme resolution wmnee it is ly limited to an breath by breath
analyms. Henee there 13 no posibility fram the present reqults to atablish in
detail whether the resparatory or the EEGchumges occurred exactly immltancmnly
or whether ane or the other was keading

Although the present analym does not mclude & second to second analyns of
!htmﬁlamn—P‘m'—EEGrdanw,lhemrthuumMnmdmb
seem endent enough. The marked general synchrory between ventilatory and
EEG changes in the records which was seen in ll subjects would seem to have a
‘wider implicatron. Such a synchrony suggests, m fact, a dose functional rela-
Borstup between centers in the brain stem wiuch regulate the respuation and
those commanly conudered to control th  cortical state of excatability as thn
n reflected in the EEG eenters commmanly referred to under the term the
reticular activatmg syrtem of the bram stem (Aasoux 1938) A mmitar opmion
has previomnly been expremed by Boxvarier Huominx and Do (1955) who
studsed expermentally the influence of carbon droxade upon the reticnlar
aystem of the bram wem.

The gencral concluson reached above would imply that patents wath some
disturbance of their wakefulnen regulation with ensumng EEG changes would
alo show rapoatory irregulantes. It i3 therefore of mterest to note that
Sexrn, Hrviax and Breowrrin (1960) reported depremed resparatory func
tron with retenuon of carbon dioxide in exght eases of narcolepsy Furthermore,
Pootx (1960) vecently reported & closc carrelanon between changer in respira-
tory fimctions and the ¢pbodic LEG abnormaline which occmrred m two
s of mibacute cncephalitis. In another serres we studied respiration and
EEG with the technoqu  described in a group of patients w th heart neurosh
and typucal ngh breathing (Siufreratmmg) (Le. patients wth severe suby

-
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heart symptoms without any demonstrable argatuc heart deease) Inauch cases
there were abwo epssodic tramuent subtle EEG changes which were correlated to
the sighing brenths. The rerult of this favestigation will be publshed later

Thw Iovestigation was supported by the Swedish Medical Resourch Coonefl, the $wedich
Natiom! Awockitlon agatnst Heart and Chest Duesacs, and by the US Offce of Aaval Rescarch
(Contract No. 17 ¢ 1319.1700)

References

yrwumcy, E and 31 Nmueon, Physlalogicat dead space sod abreolar ga presares at rest and
durbeg muscrtar exerclee Lotw My wl wd 1957 321 —21

Bmcurmin, R § H O. foxae and A Honoor Akerations s ropinatory fusction durmg
natural socp. 7 Leb . Afed. 1959 55 26— 2722,

Bownanixt M. A Hooxior asd P Due, Senndilité comparée da rysdme riticuld sctiratear
asceodaut ot du centre repatolre sux gux du wng of  Tsdrimalme. 7 Pl (Pwo)
1933 47 63) — 634

Couae, C. R J E Arrrior and A. F Fann, Coatlauous rapid infrared CO, anslyses. Frac
toral sampling and accuracy 1n determlaing alvealar €O, 7 Lab dm. Mal 1333 #5
525 — 338,

Gixss, F A and E L. Gon, Atlas of ehviroencephalography Vol L Resduey, Addleon —
Wesley Co. Publ. 1931 pp 324

Gaersxr H and U Heunebtry Der Ansticy der COFooyeatration In der Expiragionstul
tmn Vortd ansckr Ateotge, Pligers Ak grs. Phrowl, 1956 2631 ~ 22,

Guar 8 ] F 8. Grooro and E T Gaxtar, Ahealar and mis] ventilation and the doad

Springes \erlag Publ. 1933 1206 — 1323,

Loowas, A. L, E N Haavey and G. A Hosaxr T Distribunoa of disturbance-paticrss m
the bumum clectrocncephelogram wrh specml rricrence w0 teeps J Acwepiros 1533 1
413430

Alaorurer G Mu-&w&thwﬂm-ﬂm."’w/m
Lovdon, Lewn & Co Lid, Publ 1514, pp 27%

Aaootn H. W The gk neg brame. Spragfiekd, Charies C. Thomas Publ 1938 pp 132,

Pocex, E. W Penodee EEG dixcharge in sibecite encrphalith with rricrenes to rexperatory
and cardiac cycles Slatwowchd dm Asesplrwd 1960, /2 79

mn]mnnmwmmmmmmm

xtural sheep st sce bl and { Alttode ] agh Mproed, 1938, /3 323 330,

Ros, E.D R D Waary G H. Crewrand D A, Tr viz, Alveolar gy tmmon, pulmonary
cnttiatson a0d blood pH durmg physckagee skep In poomal sbjects. 7 dm Luest, 1958
37 [ — 909

Sasrn, H. O. A Hrvus aod R 1 Brcayseu, The cffects of st deep and hypernoo-
et statcs 0n resperatory funcuon. dee m Mad 1960 32 500 — 516,



Acta prysiol, scand. 1961 51 239246

From the Department of Apatomy Unfrenity of Helemkd, Sltavuorenpenger Hehiink,
Finland

Distribution and Concentration of Adrenaline and
Noradrenaline in the Adrenal Medulla of the Rat
Following Reserpine-Induced Depletion
B

Orav1 ExAinzd and Vimed Horsu
Reccived 5 November 1960

Abstract
Exlwxt, O and V Horso Destriltion and concrniretion of advmals and
naredrenalms iu the adrmel meduls of the rei folipwing rescriceeivdinced
dopletion. Acta plysiol. scand. 1961 57 239246, — Adrenaline and
poradrenaline concentranons m the adrens! medulla were determened
.. The cb

quastitetirely mespured by microphotometry  F

phmdnﬂyix-ldxylﬂmcdlpmmdk-d'-irmlm:-ninm

adronatme wd mﬁms@p‘mmm
and

nﬂymdmhllndthghnuﬂj:nnalmmu iderrtical
rc-ﬂm'ﬂ::reuumﬂnicnc:dh:lmﬂndxﬁdm:dmﬂn:ln
ccem of that of adrembme. The resalts are ¢ yasuance with obeerva-
troms reported exrfier from other Iabaratones,

A large mumber of studics have been publhed d ung a p d
lon of catecholamma from the adrenal medulls after admmistration of
reserpine (Canimon avd Horane 1956 Eximxo and Horsv 1938 Casaroq.
Losawa and Movrmatrt 1958, Cavirxanax and Mawx 1958 a, b, Coorraxp
1939 and athers) The recovery of the medullary hormones afier such depleti n
bas been much lem stuched  we have found anly the papers by CALLDoHAM
and Maxw (1938%, b) and Courrtaxn (1959) to deal with t. CALIGRAM
Masw (19382, b) found that the noradrensline content of the dremabe

"
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a few days not only returned to pormal but increased greatly above it, while
the adremaline content reached the coatral value much more slowly they
studied only the content of eatecholamines. Cotrrann (1959) used aho husto-
chermaal reactions to mvestigate the dustributians of adremaline and nor
adrenaline  he reported that duning the recovery phase noradrenalme o
present 1n greater than normal amounts in those regrons of the medulla whech
are parmally concerned with storing adremaline. Both CaLLrvonax and Marx
(1958a) and Courraxp (1953) concluded that methylation of poradrenaline
1 the rateJomutmg factor in the synthens of adrenaline.
In the present report observations are described in which both chemscal
) h h 1 hods were wed for studying the change
in the ad dullary catecholamines afier reserpine adnunistration.

Material and Methods

Experomentel
Adult albino rats were wed. In peelimmary expenments, varying sogle doses of
reserpme were mpected and the deplecton and reemery of the cateeholamnes wa
d unng cah histochemical technlgues (chr rewction, sodat eaction,
formalin-mduced fluoraicence; Sunflar expermoents were then made onmg both
hustochemical and chemseal methods of analyms
The mun expenments nere camned ont by uxmy, fint, 2 mg of rescrpme per kg
body weyht subcutancomly dafly for 3 comsecutrve days. This s twace the domge
wed by Cartrscuaw and Mavy (19582) The daily dosc was o later work meressed
w{mg’kg,mdzhcrm‘mm)ca:d(arldzytmmlmlhhmmcdl—ﬂdt)"
aficr the bt injecton by decapitation, together with bout the same number of pmilar
bul\mmltdamudnu.madrmnhumlhcmupuurmw’udnﬂhﬁrulow
of the 4 hahos was wed for chembeal determinations, the romaung 3 ancs for bwto-
chemical stodies

Chrmucel metheds

The peec of adrenal way froven on the macrotoms teble and freth sectons were
B T e e ki e o
These preres were waghad to the noarat g, at

paper bromat graph m;pbmd,byd:mmaxaadmummdlh—rp-nmdmm
were then determuned fluorametnaally mﬁwmxmahodwdmdmcmhﬂy
that wed earber in thas laboratory (ExAxzo 1954 bt bigher concentration u,a:lmm
-dd‘”t’tdupl'vp(vdb\me.ndFm\u(l%ﬂﬂ.hmbodn
ondatian by fumicande  t was first docribed by Esaiée

Clorweny{fon reacten
Adreral halves werr mmened 10 mvnge of 1 volome of 35 ¢ ﬁx‘mﬂdd’?t
and 19 voluma of § mm&xﬂmmwl;‘;p

35 fomaldchde fx ancther 24 boure Froeen sectons were then ot
these were mousted gl erol
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Ipdats ponction

Adrenal hah & were d d slutwoa of p fum sodate (Hietanr
udeﬂu.'rlSlS)fc:Hbmmlnd. o ty i 3.5 % formaldelnde for 24
hoars. Sectiom cut at 50 g were mounted in ghycerol

Formalin-indacsd fmwoscmct

Adrenal hatros were fixed for 3—4 bours m  solution condalning 1 volume of 23
% focrmaldciryde, 6 valmmo of 2, caldum chlonde and 3 olumes of distdlied water
Sectlons cut at 30 y were mounted in ghyecrol and stodicd for fuaraconce.

[o ok { reactions

The aptscal demities of the doomaffin resctum and the rodate resctian were mear
ared with er Demibs of the apparatm and the metbod bave been
described and RixAxex 1960) Mesaaomenty were curried out

recarded agamat
an the ahide, serting the photometer reading at rro denwty (100 ., transmimdon)
The resalts are expremed in terms of denlty (f. _, the negatrve logurithm of the tram-
m—on).
The flucrescence ntrnsity was d oeing Y (ko detaily
-ne}‘x.xnbmdllknlmﬁ&]) Rndhpnmmhmbmhﬂt-uﬂyﬂm
and the

medulla of thowe control anmmls kied together with the wpected

Resnlts

In the prelimmary expenments w th a smgl dose of roserpine, anable
Jom of medullary substances giving the three hrstochemical reachons was
obeerved. W th lower doses odly some medullary cells Jost thewr chramaffin
reacton, while the normally rodate-pasithe and fluorescent medallary cell
groups exhibited a total lam or a marked decreasc in th  intenmty of these
two hatochemucal resctiom. Tha suggesss in agreement with earfier olnerva-
toms (ExAnxd and Hovso 1958) that the eflect was lmuted mamly to the
noradrenaline-contammg cells

With lager ungle dowes of roserpine and three daily wjectons of 2 mg/kg,
the chromaffin reaction was negative or of decreased intenuty in larger areas
uflhcndrmﬂmcduﬂl,lhnwingdnxdgmmhsdnhocxmcdlk-
d, i In all thee the of

P Y -

16613015 dcta physiel scend Vol 5T




242 OLAVI ERANKO AND A AEXD NOMU
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messured from the poradrenelme-coptakong coll mictt
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.&mlﬂ«mm&&mbuhumﬂwmmw
(

that foorescence o cxpromed a8 of e
J vatuc theline the thmpmcenee saber 1 thy end the ermcr graph st mot

adrenaline and noradrensl ne returned to normal withm 4 dayy after the last
npection The chromafhin rescton, the sodate reaction and the mntexmty of the
worescence were then rmilar of intensity and distribution

udwunrupunmngmumlnthcamu—oh
Aﬁﬂdmlym;mmo{{mgjl(drutrpmcdurmg4umtwhtdxy1.
effects were obtained 'I‘bermﬂuormcdxmnulnmlymmd
afthcqumuuucmwmzmmudtbehmochamalmwammpnsmwd

i Fig 1 Each ocle n esch graph represents & m
Hmawmdmc(mudswhos:numbawummmulnumbﬁ
of anymals 1n this cxpenment was 33 “The snyecuon pertod 1 indicated by a
white rectangle belsw the base line Thcn:hofac.hgnphhntbceu
adjusted 50 as & mdrcmancmnu)vl!u’c!nlibenmchu‘ht,wh:d!ml—u
eanec the comparsen of the catecholamine comcentrapoas and the intensitss

of the hstochemrcal reactons.
T?rewpd.'ngﬂmofFrglqu1thﬂlhcn:wumdmm:(a

tal Tous of both
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catecholaminea 1 day after the last nlection sod that there was also a cor
responding lon In the intenuty of the chromalfin reaction, which actually was
entirely negative in most sectioms, the raidusl lom of light belng due to re
fraction rather than alnorption {¢f ExAwxd and RAplan 1960)

Both the catechotamine concentration and the Intenuty of the chromafin
reaction returned slowly to normal. When these vamabiet were exprened as
% of the mean control value, and thae relative valoes were compared ¢
wxs found that there wa no smmbeally ngnificant difference between the
chemical and the hustochemucal dats, although the mean demity of the
chromafiin reacton vex somewhat higher 6 and 12 days after the last
Jectwon than the catecholamine concentraton

The center dagram of Fig 1 shows coroponding changes n the nor
adremahne concentratron of the medulls and in the iptenives of the lodate
renction aed the formalininduced fluorescener in the speafic nocadrenaline
containing medullary cell slets. There o a surprinegly good agreement
between these varmbles, and it u clearly evident that wn this experiment no
meTemse over the cuntrol vatae in the medullary on of d
octred during the restrtution penod On the contrary  noredrenalive con-
tentraton tended to return mare owly towards normal than the (ol cate
cholamme concentratton.

The bottom dugram illustrates the changes in the incenuties of the rodate
reacon and of the formabm Induced fuorescence 1 the medullary back
ground, which commuty of ¢tls normally storing adrenaline. It 18 to be noted
that the denaity and Huorescence scales are not the same as those 1 th center
diagram, since gain the mean control values have been placed at the mme
beyghs from the rero line as 1n the two dlagram above.

No mgnifirant differences were found between the relatve changes of
these two reactions in the background both showing first & docrease and then
Eakow retum to normal. The relative decrease was smaller in these lstochemboal
Teactions than in the noradremaline concentration but this i to & great part
due to the facty that sattering rerults In & pon~specific ks of Light even in
praciically colourless sectaotn and that there was yome resdual nonpecific
fnoreacence m the medullary cells cven after practically total loes of por
adrenalme. There wan 0o Barease i the mttnaty of these Hytochemrcal
veactions over the mean control value at any stage of the experiment

I

Discuesion
1a our expenments 2 mgfkg of roverpene dally foc three days camed o tranment
lom of catecholamines from the adrenal medulls but ther cacentration

Temrned to noanal within 4 days. Four consecutree daily injections of 4 mg/kg
raulicd n an slmost lete low of both ad fine and noradrenall
aod recovery took several weeh,
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Iz both cxpeniments the e of ad Yine and drenal
changed in paralic! and 1n no imatanee way any ahsolete oc relative incresse
above normal olmerved in the naradrenaline concentration Ths o at vanance
with the results obtained by CaLroromaw and Maxer {19384} and Courtann
(1959) Thcfwmerludmcbaewuilﬂcr!d&ﬂqu}aﬂhuu(lmﬁkgn(
reserpine fint a decrense and after 3 days an Increase in the noradrenalne
content 300 °) abave the normal Jevel Adrenaline content also dropped
finst but 1t returned gradually to normal the course of 2 weeks, during
s hich time the temporanly devated drenaline content slowly decreased
to normal, In CourLanm's (1939) experiment the noradrenaline content ded
not rise above the control leved but 1t returned to norma! bdfore the adrenaline
content  thus, the relatve norad fine content Je ly (ncremssd
Moreover Courrawp (1939) made calculations suggesting that the nor
adrenaline content of those celly of the adrenal medulla which rormally store
mainly adrensalme was increased duning the recovery phase,

Severs! factors must be comsidered in trying to explan the differenca in
the resuls obtamed by Cavtrvonaw and Maww (19582) by Couvrrawp
{1959} and by us. First of all th hods of catechol determioat
were duferent. CarvivoHau and Mawn {19582} wed rats biood presmre
and rat's uterus as bioamay technjquer. These methods are sulject to large
errors when muxtures of adrenaline and norxdrenaline are amayed (Gapoui
aod Howzmavex 1957) Courtawp (1959) wed a colonmetne method
which the differ Jon of ad, line and norad bne In a mixture &
bascd on the fact that adrenaline b more readily oxdsed at a low pH than
namdrenaline Abo thu method @ subject to crrors, partcularly when much
cortical extract, rich i ascortuc acid and a relatively small amount of noc
adrenaline are present n the muxture, as o the caxe in the adrenal medulla
of the rat. In our work the amune were fint scparated by paper chromatog-
raphy and thereafter an accurate fi rie method of d oy
wed

Faurly emall crron w the eumaton of the relatve propartons of o
adrenaline and adrenaline n CovrLawps (1959) expenments would be

i to make igrufi the apparent small ipcrease which he ob-
served sn the relatrve nocadreraline content during recovery While Cour
ramns (1939) calculstions scemed furthermore to sggest that there was
an incresse m the quanaty of poradrerabine n the adrenaline-storing parts
of the medulla, he did not histochamically abeerve any fncrease In the intemity
of the jodate resction i these areas. Evmuummgd-thhﬁx“fﬂf“":“‘;
aline and nocadrenaline amounts were correct, the calculatons whic oot
made of the nomdrenaline content of th  medulls outsde the sperific

based on memsurements made by
ulets arc qubgeet to cniucrnn they wore drenallare
mdingphdmemﬂytbcmhuwmlmmatcvmbyfhtmt‘;c
mgcd]nkulndwmudulh,whmhln[wnddcaﬂxddum recovery
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Since the intensity of the jodate reaction was decreased and patchy in these
cell nketr dunng the recovery phase, Courrann (1939) himsell found the
delineation of the hlcts difficult and conndered the 1 part responsible for
the obserred decrease in the volume of the plets after roerpine adminstratoa.
Therefore, the apparenty lower volume of the cell islets may mdicate a tem
porary lom of noradrenaline from the noradrenaline-stonng celb fn the ialets,
rather than a real dimmutzon in the sze of the cell ilets and an ineresse of

drenaline cc in the adrenalme-storing medullary celbs outside

the hlets.

The observations made by CourLanp (1959) and those of the present study
are m agreement concerning the following points rescrpine camsed 18 both
studis a lom of both adremaline and noradrenalme as well a3 a decrease in
the intemities of the chromaffin and of the jodate reaction, and dunng the
recovery phase there was no increwse of the absolute noradrenalme content
bove the normal level, In both studses, frthermore, the intenmty of the lodate
reachon m the mednllary background, 1. ¢ 1n the ceils normally stonng adren-
aline, dud never Increase above normal indeed, our quanttatne measure
ety Indicated & decrease in this vanahble,

While Covrrarns work and our diffr therefore, mainly in the inter
pretation, the resulty obauned by Cavrtrxonan and Maxer (1958a) are entrely
different from those of Courran and ours a3 far as changes m the poradrenaltine
content are concerned. 1t o dufficult to find a perunent explananon for ths
dullerence.

It does not seem I'kely that the very great increase which CaLLmvoEAV
and Maxx ohwerved 1n the premoc response obtained with the extracts made
from adrenaks in the recovery phase could have been caosed by aroa in the
amay However thar evidenee of the increase in the nomdrenaline content
# based on the awomprion that the increase i the presor respomse b due
toainly to thn amuine. It is, however not ahogether impomibl  that the ugh
Anay values arc 1o fact due to somc other premor mbstance whose concentra-
bon increases 1n the medulla d ring recovery

Another postitlity s that diff 11 the rmecpeibility of the rats towards
reicrpine in the different laboratories are of mportance. Stram-dependent
differcoces m th catecholamin lows after rosapanc adminstrabon have earfier
been demonstrated by Courtann (1958) who ohserved that Wistar raus
required three umes a3 much rescrpine for an equal depletion a3 rats of the
Sprague Dawley strum. Dretary differences may abo play  rol 1n this respect

Further studses are 1n progres on this problem 1n collaboration with Dr
B R. Burrrawortn wbo belon to the same research group s Dr Maxx
and Dr Carumoma
Tha sty has bees wpported by grants frem Suomes Ruleunrabao

(Flatand®
Cultwal Fusd) und Grea the Natioual Tmtiute of Artwts and Metabobe Discnecs, U S
Fuble Heakh Senfce (A 1723
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Distribution and Concentration of Adrenaline and
Noradrenaline tn the Adrenal Medulla of the
Rat Following Depletion Induced
by Muscular Work
By

Oravi ExZxxo and Marm HAnxcboes
Recerred 9 Nenember 1960

Abstract
Exiwxo, O and AL HX ol o
adrrnairas and meradrenaling it Uve adreaal wadnlla of tha ret folleing deplatson
indwrd by warwler werk. Acta pbyool. scand. 1961 5/ 247233, —

The rats weore allowed to run foc 16 hours, to rest for 12 bours and
t mqnmhluhnws’l‘bcymkﬂlcdlmmtdntdy 3,6 1200

differed hustochemically from that of the sdrenalinestormg celb.

Muscular work 13 Lnown to be  potent smulator of the adremal mexdulla
( ¢ Exum 195, KAnxx 1956) However we are n t aware of studies in
which the concentratiom in the adrenal medulla of both adrenaline and
naradrenabine had been tudsed  fter long-lasting mmmcular work, Hoxrerr
(193] reported that after swimming for 34—90 mm th noradrenaline content
of rat adrenals showed a tendeney to mse, wheress the adrenalme content
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tended to decline. He did not study the effect of longer lasing work,
Since interesting features In the mwvury d‘ the catecholamines have been
reported after depl by phar bsi , ¢ g reserpune (Car
Levayad and Manw 1938 a, b Gouru:co 1939 Eund and Horu 1961}
we undertoak & wmilar study using muscular work as s stmulus,

Material and Methods

Experiments]
Adult albino man were wed. They were aflowed to run in & rotlog wire eylinder
ﬁrv:ry{ngpudad:.hwdhumry:rpnimnulhccﬂ'mmmr-dnmlmcdum
reaction,

chol and rapd ton to normal occurred within & day after the wark
had been stopped.

However when the rats wore slowed (o run for 16 boury, 1o rost thereafter for 12
houry end 10 rum again for 10 houny, an simoat tows] dappearance of catecholamineg
was observed, s indicated by the three histochernica) reections, which all turned
almost negative. This experimental armangeroent, which proved repeoducible was
then adopted m & routine procedure and the results to be reporied fo thh paper have
been obtmned by umng it

The anumals were kilked by decapitaton mmediately 3, 6, 12 or 19 day alter the
end of the sevond running period, together with about the same  umber of smtiar
but tmtreated control rats. Both adrenaly were cut wmto two prece of cqual uze One
picce was wed for ehemical analysis, the 3 peeces for h ! otod e

Chrwucal mrthods
Fresh adrenal sections cut st 50 g were freese-dord and pucces of pure dn medulla
md—x‘uﬂwllmiwdgﬁtd.li"btat:cbohmhmdlbaﬁmrp:nrtdbv
hy elused and d t by f y after ood oot
pHG(ll Evixs and Frobows 1933) or determined direetly in the extract makiung
fluorometric mesfureosnts at two cxciting wavelengin, 366 ma and 436 mp
fuﬂtdmd‘dmnhdﬁm of norsdrenshme 10 the nuxture | g
Costew snd Gowoxrszao 1957) For further detuhs of the method, see EA ko and
Rh\m(l%ﬂ\&nc:lhmmdb&pctmﬂhkmﬂu,ﬂwdauobwncd
with them were pooled snd handled together

Histuchumicel watheds

Oudlhc‘b:termlln!n(.d:m]pmcummmctdm smxture of potashum
dichromate and frmalin for the of both s Jamriacs by the chro-
mﬁnmcﬁoﬂ.mmhawupluchmm:-mmddm}mdmnmbam
for the demoastration of norsdrenaling (Hrianr and Hoare 1935; and the third

ummﬂz:dhlmxmdmldumchhﬂcudﬁrmnhnl devdop'.hcfctn::;
e 981

mmunmdh.?ytad-?«dcuﬂnnth:prwwp-m(numdemwl
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Fig 1 Effect of mmacular work ea
aechalamine of

the acromal e “’;
o reoniog poriod indicuicd by A N g‘:
ke rectanglc heww the
I-dzdrdcrrptmthtmnnf
growp of 57 anfmah. The wlid a3
lnc b been drawa between the
rocen chemben] and histochemboal
rabper, OD
Tep Cooventration o both c
Eroynan e s
%
Gpdea) dermity (D) of the N Rtk
(0. R.; open ciries) 10 o3
Comr tration of por 30
(N Bl dedol, % of  0OS
tmcceltary wright,
of the jodse reaction (L. R, o _} o Lo
drela) and intersity "'(ﬂ" f
\
opea cirches), 4 of the correaponding tLca)
racen, contred vaiee. Tho IR 130
of ihe reaction and_the [\ n
wers memared frow (D)
lﬁtlﬂndrﬂlwh(crﬂb:: Q2 100
Botinn: Jodate resctson
el piiiiniag Ry Rt ! B
adren- 1
aline odh Notc thas Bmore - 30
cenco o of the e
sponding beckyround) mean

[\ o
thcr of Seorcoaco 0 thu and
the oot pragh aoe oot CopRTL bl 038 12 (daye) 19

mavi'riai'xs wentsaraami 8f diciechooncel reactums
Thznpc-:gldamdua{tbechmmﬂnmcnmn:dlhe-od‘mmnnu

lwn.-cc.hom-mmdﬂw 1961). Aewmarements of the intenntes of the lodate
Tearhon amd the formalm-educed were carned out scparately on the

fuorescence
noradremmlinecontuning cell hicts and oo the meduallary background consisting of
crile pormully rocmg memly adregahoe

J:..-mq-d.u.;.ue—

waa carried oot to srody the effect of ruanmy on the volume
dLheAd:rulmodu.ﬂ.l.Tbtnﬂmhmhﬂtdlmmcdhbdy 3 or 6 day sfter runrung
B two cansceutive days -u:udin;mdz-ckdnhdamhadcmrrmﬂ:hp-ptr
Que adrenal was immmerved in the dachrometeformalin ptare lhrahcrm aaturated
bthm-ﬂumﬂu:—rubnws.hmh;hp&wmpmtﬁnd

formaldetryde.
The mechdlary wia pladuserrically Evm-ampkne-n-nauhocdum
<ut from the gland frend i dachromscformel  (EsAnxd I
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Results

The results are presented m Fig 1 Each dircle represents 3 mean of o
group consisting of 5—7 mats, excepting the controks, whose pumber was
ZB.Tbcloulnmnbcrufnmmthlhuapaummt“uS&Thzmnnmg
period 1 mdicated by a white rectangle befow the base line. The scaley of
cach graph have been adjusted by setung the mean control values at the
um:h:rghL'ﬂ:cﬁumtscmccmtcmybapfmcdnpacmtaf!h:wr
responding mean control value.

The top dugram md; ap d loss of catechol and a
decrease in the intenuty of the c} flin reaction immedsately after run-
mog Both vanables returned to normal jo 6 days, and remained at the normal
level thereafter The changes 1n the catecholamine content 2nd in the chrom-
afin reaction were parallel, and In no stage of the experiment wan there
any dgmficant difference between their mean valfnes.

The ceater dmgram illustrates the changes m the nocadrenaline coo-
centration of the medulls and in the intenmues of the rodate reaction and of
the formalm-mduced fluorescence the speafic cell mlets noomally stonng
yroradrenaline. The changes in these varables are dosely smociated showmg
2 p d lous of +! line after running and a return to pormal
in a fer dayx. Companison of this dmgram and the upper one seenungly
suggests that the noradrenaline concentraton was pearer the normal value
threc dayy after the runmung than was the total catecholamune concentraton
+ hich would indicate that the rate of formation of noradrenaline was higher
}z]nn that of adrenaline. However there was po satnually ugmficant dif
ference on the third day between the mean of the total catecholamune con-
tent expressed as percent of the control mesn and that of the mean nor
adrensline content expressed m the tame way Although the means of the
three vanables n the center dagram remamed belov th
normal mean on the Gth, 12th and 19th day the differences from the cor
responding control means werc pot statntcally gmuficant.

The bottom dagram jllustrates changes n the mtenuties of the sodate
reaction and of the formal 1 mduced flnorecence o the medullary  back
ground’ 1 ¢, m the cels pormally storing adrenalme Becawse the scala
Fave been adjusted by setting the mean control value, which 1 much smaller than
in the cell mlets, xt the same height as 10 the two apper graphs, smalkr ab-
solate changes correapond to relatrve changes equal to those o the upper graphs.

Runnmgmmcdadccrmcmthemmmuuuﬁhcmdnmmcmnnnddn
focmalinindoced fluorescenee in the background, and the valuey returned
qmcl:lyw\r:rdsnu-anODLhethndd:) the mtenuty of the rodate reacbon
ras already at the coatrol level Thus 1 of nterest becapse peather the nor
;dxmlmccmcmm!mnmlbcmcduﬂnuoflbchiﬂochcmml reactlons in
the poradreaalme cell olets had returned to normal duning (e same tme.
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Teble L. Efect of remisg on the tolime of the snirnal medulle

Treatment \umber \ otume of medulla "
of (per cont of controh)
e 5D
Cantrols .3 1000 96 -
Ruworeg Lilled immediately 9 1264 191 ~0.003
7

Rowning, kilcd after 3 daya 1085 63 >008

The valos of P bes been calenlatad with the aid of the Hiet and shows the smificance
of the difference from the cootrol group.

The difference of the means of the mtenuty of the wodate reaction in the
speafie cell nlets and that in the background both expremed m terms of
percent of the corroponding control mean, 1 statstically significant (P ~ 0 02)
The most uriking featore m ths graph 1, however the very high fluo-
rexcence intenuty of the background on the 3ed day This increase is stats-
tcally highly nguficant (P < 0001} From the 6th day on the mntermty
of both the wdatc reacton and the floorescence kept pear the corrapond ng
control mean and did not diffier from t sigmflcantly

T ble T shows the changes m the volume of the adrena) medulla mmmed:
atcly and 3 days after the lat rumning penod. Runming aaused a 26 percent
meresse m the medullary volume but after 3 days th mean volume did not
any more differ mgnificantly from that of the control group The chromaffin
reacton and the sodate reachon wrore almost pegative immediately after
runamg and thar mtenuber were according to mual jodgement about
normal efter 3 days rest. However after 3days the intenmty of the jodate reacnon
m the background of the medulla tended to be higher than m the controh.

Discusslon
!M\g-hstmgmmwhr“akumdmthcprucntmxdy a prooounced
depl of both dr and 1 from the adrenal medulla.

Tt 15 not powible to say In how far thn depletion was doe to muscular work
alonc and bow much other factors snch a3 general exhausuon, lack of aleep
and diminahed mtake of food and w ter contributed to the effect observed.
Fasting or lack of water for scveral days cause hardly any changes n the
mtennty of the chromaffin reachon in the adrenal medulla of the rat (ExAsxd
uwbhhcd;bu‘mqbothmymmpommdx&au{mmm
work. However whatever the mech of the depletion 1, t way
and revermble.
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The ¢ of both ok and the ies of the histo-
chmnlrnmamcmp}mrdrcrmmdwmrm]msd.p_mwx,
mwchlborl:rthanlhl!rtquucdforrmylﬂtrrﬁa]:neldmmmdon,
which resulted m & parable {mital Joss of holsmines from the adreml
medalla (f Fig. I m ths paper with Fig I 1;n Exoxd and Horvty 1961)
Such a difference yuggests thay resamne serrowmly Interferes wath the syntbens
lnd/nrnmgcohdrmlmcmdmdrmnﬁuclnthe;dmlmcdulh,ubﬂe
even projonged mmuscular work has s or no such effect. This fits well 1n
with the recent observatons demonstraung that reserpine prevents the storage
of catechols m the cytoplammic g les (Bemriem, Hriraxe and Ro-
HXOREN 1960)

In general the results of the chemical determinations agreed fn the proent
study well with those obtained by quanutaung the histochemscal reactroas,
Likewrse, the changes m the ad Iine and .t I
were paraliel. In these respects the results were sunilar as those obtaned 1n
the reserpme expenment (ExAsxo and Hopu 19€1)

However 3 days after the end of the running perod, & ¢ when an active
resyathens of the depleted anunes took place, an interesting drvergence nas
olnerved berween the intenutes of the sodate reactan and the formalin-
snduced fluorescence 1n the medullary background while the intenuty of the
sodate reaction was equal to thet in normal controh, the Intenuty of the
fluorescence was almost twice the normal valoe

Tha thow that the formalin-induced flucrescence, although st wsually 15
paralle! with the sodat reaction, © not always so For thu there are three

powible expl First. the I Juced Buorscence pay not, like
the rodate reaction depend, at least exclunvely o noradrenaline but tosom
other sub ce whose coneen tends urually but notalways to vany

parallelly with that of noradrenaline. Second, the ncrease 1 the intensity
of the fluoracence 1 perhaps pot due 1o an increase 1n the amommt of the
fluorescent  ubstance but may be caused by some other change, £ by & Jost
of 3 sobstance quenchung the thiy expls n compatibls
with the asumption that nosadrenal e 18 respomible for the fluorescence
Thurd, the rodate reaction may not demonurate noradrenaline outisde the

OF these aitematves the fint one appeans most likefy but the mature of
thcponuhudﬂwtn&bumfmhathmnmﬁrun!mcm
obscure. At any rate, the observauon completes two earlier ones 10 which
ldkncpnnqhmnha\tdbﬁwmlbcmmuuo(&mﬂmmdme
sodate reaction (Exfoxd 1935 Exixxd, Horsu and Rioiwex 1939)

On the 3rd day thcmlanhyobecwdlu:mcdcmlndnmnduﬂlnb,fck
ground al normal although the total catechol
.nd\bt‘;:—:drr::yﬁmmcnmdonnmnﬂ]bdwanA-umgdn!
(bcmdnmmnmuxﬁf\hfulmd}awrdlbeloalmndnmlmcmcmm-
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tion, this means that the rate of formation of noradrenaline 1n the normally
adrenalme-stormg cells was higher than the rate of the subsequent methylaton
10 noradremaline, It b noteworthy that Cattixonas and \Maxx (1938 a, b)
and CovrLaxp (1959) amved at the same cooclunon 1n expenment in which
the lons of catecholammes was mduced by reserpine. However snce the
resulty obtained in thrs laboratory wath reserpine (ExAxk0 and Horsw 1961)
are different and snce the matter 1 under Invesigation in collaboration with
the Landon laberatory 1t seems better to postpone the discmmon of thi
matter until the romlts of the jont study are available,

Thl study has been swpported by rosearch grants from Suamen hohtwariaheses (Fiahind'
Culroral Fond) amd from the Natiomal Imtinae of Arthritis and Metabolic Diseases, U 8.
Pabic Hahh Seniee (A-1725)
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The Effect of Teatosterone, Progesterane and Estrogen
on the Acetylating Activity in Rat Liver
and Kidney Preparations

by
Tarars Lookramen
Recened 9 November 1960

Abatract
Louxxane~, T The ofat of &csstoroms progeoierons o etrapon
™ e echrlaap acin {7 in ret loer end bubwy Acts physiol scand.
1961 57 234262, — The cetylabon of p-aminobemrosc et
has been studsed L i rat liver and kadoey prepertions after the
treamment of the raty with gonadal aterolds Tt was obscrved that none
of these sterosds m the doses used hud any effect on the acetylabon
in the lrver tmae Tn the kidney tame of male rats extrogen treatment
clearly d ed the had no cffect nd

mmnmcmyimmzbemyi;ungwﬂumhhmknu

The capaaty of male and female rats to acetylate aromatc amines has been
found to be different. Reports of Dusv and Racst (1951) Frawz and Lata
(1933 1947} and Fuurxoy and Lata (1957 1958) have mdicated that male
rats = so¢ bave a grester acetylating activity than female raty, 1t has abwo
been d d that sex | d red to rats are capable of
changuug ther acetylation power i ruv (Fanxey and Lata 1938}

The sex-linked difference 1n the acetylation was found In this laboratory
10 cxat also m mirs where some of the disturbing factors of the o aw cx
priments esn be climinated (Luvxkancer 1958) The cilect of sex glands
on scetylation was clearest 1n the kidney toue. The kidney prepamanom of
the malc 8 yixted larger of p bx acd than 1hox
of the fermle raty Castration of th mate raty reduced the acetylating actrvity
wheress ovariectory increased the scetylaton in the kidney preparations.

254
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Tho communication deals with the effects of gonadal steroud treatment on
the fx oitre acetylation of the rat fiver and kndney timue,

Materials and Methods

The mats wed were af the Wistar strain. The rats for the experiments weare sdected
by wesght from bealthy antmals of the same age. The anlmah were fint tested 2 ru
woh paminobarrole ackd (PAB) to find out thar acctylating power In the ix rfte
tests the rats were grven 13 pmoles of PAB throogh a stormach tube in 5 ml of w ter
Urine was then collerted during an expermmental period of 4 hours and the urlne
mmplcs were analyred 1o determme the acetylaton percentage and amount of amine
exrreted. On the bashs of these terts the maley with the highest and the females with
ﬂxb»uxmmhmnpwamcnmtcdmmunbehuhpnlnrhdmbﬂucm

animah a5 mmall as pomible.

Omnmmhmuh:mmnh-mmdlgdnhmmLhPAﬂ.Amdmgbth:
results of thn tort esch of the four growupe of animah, f. £, the unoperated as well s
the castrated male and female rats, were diaded mto control and cxpomental groups
hvhg.nmﬂyrqm-cayh\im ‘Whey

p’:pnnhmutdmtumorl
and {F
miPmmu:nnndepot,SchathG Bcan)

caproate (Prmolat and
Prhnnhndcp:ﬂ,Sdﬂ-mgAG Bcrlu:)
Estrogen — tc (Primogyn B oleosum, Schering AG  Berlin)
'ﬂchunnﬁmdﬂmcdrlthtbd:oﬂgmldvm!nﬂi to the demred concen-
h’lmnmd(l'vm‘ larly 1o the 1 rata in 01 m! portions. The
cootrol snfmabs were treated with the ame  alume of the corresponding sol ent ail.
The cffect of the trratment w followed by suljectng the rats to the 1 rhw acets
hton tesa
For the m rifre cxperimants the animals were farted fir anc mght and killed by de

O M neutraliced p-aminobenrne sad

C.1 M posmium sdnm phosphate buffer pH 74 to make

The volume of medrum ueed this coutamed 2 gmokes of PAB and 200 gomolas of
acttate for 2 g of hver tiwue or for one Jadoey
Theﬂ-u:wumhuxdhdtlncuhﬂmﬂnhwhhmwnmaﬂmu

with exypen and after this m a water-bath at 37 C wath comtant
shaking. After focubanon, te mmples of 1 m| were taken from each flask and
tranalerred to contnfuge bu:cmah:ln(ﬂmld'!.pnccmmchhmmu:-ad[or

aed
byﬂumdmmm;umuum ukuhmmewdmhud
confugates from vahucs obtained without Eydrolysis aod after hydrolyss.

I wich o cxprom my grantic to Memrs Schertag AG for omdly mrpplyiag the seroids.
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Results

There was no obwervable difference between rats treated with testoxterone
mdmnmlnuwhm&rcywactcncdi:numm)-am]mbunolc-crdm
a month during the The dose of wed was 500 pig of
testosterane proplonate L m. per day for 28 davs, then 3.5 mg of testosterone
enanthate x. m. weekly for the foflowing 6 wecks, and tetosterone proplonate
SmpgpadnymeorlherumunngNdnyLmdmcmthmmﬂg
pcdnydmnggodxymmhehadnodfmonthcmﬁlungc-plmy
of liver t titro as shown 1n Table 1

Table Wn{mﬂ(?ﬂ)nrmwmm
Mmﬁhﬂw“mh&dilﬁmmldeﬂmmﬂmﬂﬂd
acctate fn 10 mf of mediem, pH 74 Oxypen a1 g phase and ixcobetion time % bours,
Testosterooe 500 feg & m. per day for 30 days before cxpertment,

Sex of Mz Trowment Nomber | Acctyl 8. D, S E Bigrificanca

of PAR of change
krmad, from control
frmodey
Frmales Toscuterope 3 an aots o7 Nane
Conteol 4 o7 o147 0073 > 003)
Castrated Testesterooe 5 a8} 0054 0012 Nooe
Temalen Control 5 o Qo013 oodl
Mala Testosternoe 4 (1.7} o 0065 Nooe
Canzrol 3 arn oo e
Cantrated Temosterone 6 an a7 o7 None
mala Control 5 e Q060 ooy

In the dney as seen from Tabie I the samount of acctylated pamino-
benroic sad formed per gram of kadney twuc 13 smaller 1n testosterone treated
castrated male rans than in corresponding control ran. However there u the
typical testosterone effect (Komemeuevicy and Dexemox 1934 Kones-
cvaxy dal 1937 {s) and 1937 (b) t ¢ increaung wesghty of kodneys, as
stated m Table 1T This effect naturally influences only the results of the treated
somaks. Foo comparson with the o tme cxperiments reported in the liter
arure, Table 1 aho shows the acetylsted conjugates famed per whole
kidpey As m the 1 s cxperments the change in werght of the kidneys
then remains unaccounted for The kidneys of ovanectomuzed treated femake
raty and perhaps of unoperaied treated fomale ran produce more acrtylated
conyug; than the corresp ding controls when thrs manner of calculanon
una'd.Tbchu]lcctylatmgap-dlyc{l}whdntynlhcnmcintbcuﬁtcd
and control groups of male and castrated male rats.
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Tahle I Aceti Lt of pewmarbenvic acvd (PAB] in Kidney gfir tesiotiiron trretonst
Ooc Hdney s towae smple othey expesimental comditiors s i T ble 1

Scol s Troxmen  Acple 5D A E Swed  Acchk  Sguficnce

PAD jance FAB of chang
focrmed famed  from
prig per controls
of idney fobnery
promoloy Hundler
TFemales Textorernne 0.57 o 8048 Dooc 033 o~ PbO2
Contral 043 (2724 0% ot
Castrared Testororune o0&t 0073y 001 Aome 069 + P OOl
Cwmler Cemtrol 033 009] 0040 03¢
Males Tertosteroos 053 0131 0066  Nonc 0.71 oo
Coatrol 090 0068 om 291
Comtrated Totererane 066 003 0039 -P<00% 080 “ome
=als Coatral ant aqst [i[\e2t o7y

Tebe Il Body cnd eepom wcighs of dertericrons trouied! recs

Sex of atn Trestzmen Afean of body | Mean of v Mean of Kidney
werghs, g wemhis, g weigbt, g
Females Tesasterona 187 7490 2.5
Comtrel m 7580 azi0
Castrated Tertomorose na a7 1.0
femala Cuotrol 48 9250 0910
RMakes Testosterooe 2w £170 1090
Control E s 680 1010
Cespricd Testom erooo 31 2550 1220
makey Conrol ko 8510 o2

T‘hedotd'ptm‘nsmpgpcd;yhm,(m—mdnnfoﬂowed
by 6 wecks  dmunntraton of 3.5 mg 1 m. hydroxyprogoReronc caproaic
weekly and after this again 500 gy of progesterone per day for 20 days.
The resula of the experiments with liver twiue arc presented in Table TV
These ase no ly sgnife A » the 1 between
treated and control rats. The & crage amount of formed acttylated pamino-
beozolc and  onjugates m the progotcrone teated male raw s shighty lower
Lhanmthcunmwdnu.pmbuhlyreﬂccﬂngmlnght harmon  castrs-
don  cawed by progeterone.

11813013 dosa phymsl sesnd. Vol 51
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Takle IV Acepylatwum of p-excinsbensric acid (PAB) in kovr qftr progesicreons troctiment

Each Incabation flak contained 2 g of liver sectioos, 1 imoles of PAN asd 200 pmoles of
acetato 1o 10 ml of mediom, pH 74 Oxygen a1 gm0 phase and [ncubstion tme 4 houn.
Progesterone 500 ug £ m. per day for 90 deys before experiment,

Scx of an Treatment Aumber  Aceyl B D [ 4 Sigaifinact
of rats PAB of charge
Sormed, froes congroh
penoles
Femles Progesicrone 10 s 009 on8 Noae
Caotrol 9 055 am 000 (P> 04q5)
Cartraied Progestcrone 9 043 02 854 Newe
Lemakes Control 9 a6+ 2] s
Maley Progoerne 10 (%, ] 44 a4 Benc
Control v 7.4 009 Q0%
Castrated Progateranc 8 053 o047 [:3%] Nooe
mles Coutrol ’ asy 007 ams

On examimation of the mean values of the ncetylxted confugates formed
in the kdney preparatons of progesterone treated and controf rats 1t u ob-
served that there are no wgnuficant diffrences between these two groups
(Table V) Table VI shows the mean wewght of body liver and kdney of
rats in the progesterane serser. There 1 o kidney enlargement, as after testo-
sterone treatment (Table 111)

Tabie V Acctylabsan of p-ammmebensois mrd (PAB) m bidacy gfiee progusicrons troetnusd
Each kncubaton flzsk cootamsed oo kidoey I sections, other experimoatal conditions 13 In
Table IV

Sex of tuts Treamment AcctylPAB { 8. D, 58 E Signiticarxce
Sormed per of chungo
J gof Kidoey from
Mockes coatrobe
Femnales Progeskcrone 036 a0t 0.001 Aone
Coatral 636 [\ 0016 (r> 6o8)
Casteated Progestorone 040 o006 [110}] Nooe
femads Coutrol Qe 008 oas
Progesscrome en 03 [:3}4] Noe
Sl Coatrol ) 006 [.T:-]
Propesterone ass 006 ooz Kooe
Cacrated oot7

I Caartrol a5y 008
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Table VT Bady ond orpox wonghts of peopecicrong treated rats

Sex of ran Troatment Meas of body  Mean of Treer | Mean of kidocy
weight, ¢ weights, g weigt, ¢

Fomale Frogesterone 179 70 Q760

Coutrol 163 7150 (-]
Cactruwd Progesterone 07 230 ord
ferales Control s 2130 0290
Ml Progestrooe 1 11060 1,060

Control m 11310 1160
Castrated Progesterone pavd 1070 05%
i Contyd w3 9580 Lo

When the effect of estrogen was studied  estradrol benzoate was given
2 pg per day L m. for 120 days. The duration of the treatrment was 50 long
became in the m row tests there were some rather mugnificant decreasas 1
the acetylation of male mts after 90 days. This decrease did pot come omt
more cearly by waiung the followng 30 days. The revults of the expenments
with liver tiwue are prosented 1n Table VII We sce that there are no dif
ferences m the acetylaton after the estrogen treatment between th  treated
and control mu.

Tabie VIT Acetylatoon of p-omunobomrvic acd (PAB) im Furv aflr extrogen trectment

Each focubation fisk eoctamed 2 g of Lver scctionn, 1 prrookes of PAB and 200 smokes of
accta bn 10 sl of madimm, pH 74. Oxypen m gae phasc and incutmtion too 4 hows
Estradlol boroas 1 pg 1 per day for 80 days befors expanmen

b o na | Trammt Nwsber  Actyl |8 D s E Siguificance

of s PAN of chomge
formeed, from control
ey
Frmala Estraduol 3 (%) o1 115 Noor
Comiral s 0 ool nam (r ooy
Camiratrd Estradiol [ s w? ner Roow
fermales Contral H nx| als a071
Males Extradiol s a7 a4 ooy Nowo
Contrd 3 Lxid aul nom
Castoured Esradacl 7 am 010 o0 None
e Contral H X

e 606 0o
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Thcnmemnﬂdacofuirndml,whxchint.helwn‘}mnodrm,dm!y
decreases the acetylatng ability of the Kdney This decreasng cffect of
estrogen comes out already in the cxarmnation of the averzge smounts of
acetylated conjugates in ymmoles (Table VIII) The numerical values of
formeqd acetyl-PAB are emaller 10 all the treated arumals than in the controks.
The effect 13, however statudcally significant oaly in both male mt groupc
As seen from Table IX, thus decrease 15 not an Indreation of change in the
werght of the ladneyx

Tobls VIIT Acrilation of p-amombenzoic acid (PAD) in bidagy afier ssirepen treatment

Each facubston flask cootalned one kideoy 1n scctioes, otbar expermmental coodivons 53 m
Table VIL

Bex of b Treatment AcetylPAB - S, I L E Swgrificance
formed per of change
1gof kidney froen
frmoles controk

Femaley Estradiol 013 001 o007 ooc

Comtrol 031 007 aare

Castrated Estradied 03 a7 009 Nonc

Fernales Coutral 042 ool 0.006

Males Ecteadial 031 [2¥i-4 0007 ~ P<0fl

} Contral 057 og7 0032
Crotrated Eatradicl 030 oot 0.00 — P 000l
maky Conteol 0ss oo 003

Teble IX Body and orpan seiphis of stragrn trosied rats
Meay of body Mo of Gver  Mean of dney

Scx of at Treaunent
weghts, g woghts, § weightt, g
emales Estrachol 197 810 a0
F Comtrol 21s 23%0 0430
Estradhol 2 930 0920
Castrated Conteat pies 8080 a8
Estradial 248 9370 0540
Mokt Control 27t 10 060 1060
Extrachscd 29 10040 0.0
Castrared Conteot % 8800 o
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Discusslon

The ability of female rats to acetylate arylamine has been shown by Fomxoo
and Lata (1957 1958) to be increased after testosterone treatment m ere
In the present investigation no differences were found between the expen
mmental and control ammal in the acetylation of lver tinoe after testosterone
treatment. Testosterone increased the werght of the Lidneys, as shown carlier
by Kormwestevaxy and Deemox (1934) and horrxanrevexy o of (1937 a,
1937 b) Th increase 1n wesght b an indication that the dose of sterod used has
had an effect. However there i no effect on the acetylation when calculated
per gram of kdney It has to be borne in mind however that the total
acetylating capaaity of the kidneys increases in the treated famale and ova
nectomeed groups, Th finding corrasponds to the above d o e
rault. I rue the effects of the kidney enlargement cannot be obsenved.

In the progesteron group there s no difference between treated and
untreated rats 1n the acctylanon in cither twues teted. Thn ohservation
wpports the dea that progestaronc alone has no Influence on the sex-linked
difference found 1n arylamine acrtylavon.

Emugmmmhu-wor&ugmthcpramwdruuln,nueﬁ'mon
Iner b ety 1 a diff manner m th kdoey where
thnpm:ntdepranorofﬂcttyhnm even at a relatively low daily dose
{2 #g) of stradsol. Th  nhibetion of acetylation 310 greement with previous
findmgs, where ovariectomy elevated the level of the acetylaton (Luuxzanod
1938) The observed decrease in acetylaton does not seem to be due to ac
tvation of a deacetylating entyme 1n the used tiwsue preparations, where no
deacetylavon of the acetylated p-aminobenzor acd was found (Korvmmato
and Louxxarcex 1959)

The different semmtivity of cetylaon to estrogen 1 th  kidney and
Ever are presumably based on  difference in th con) gation system in these
twoargam and m the lndney { may have some correlation with the sex-dependent
differences in uructure. Morphological strocture dufferences have been found
to exist in the lndney between th two sexes (Crasrres 1940 EscHENEREWNER
and Mrre 1945) Therol of th lndney m the acetylation difference between
mal and female raty, also wr ovov mught be of some importance

1 bh to cxprese my thasia m the Sy Jusdlne Fourdation for  grant  hich cuabied me
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The fact that the plasma galactote concentration-tlme cune following &
ungle sntravenous injection of gal Is Qly il over 8 con-
siderable range of plaama concentratrons (Tyastrup and Winkees 1954) in
dicates that In this range the climmnation of galsciose toainly depends on
esses which are saturated at such co As gal, 15 predosnks y
chiminated by the lver the ] gal 11 rate o ¢ ined
largely by the metabolic statws of the Liver

It 18 well known however that some cxtrahepatie dlimination of galactne
does occur (Bortsan \lawy and Power 1935) chicfly by way of remal ex
cretlon. If urinary lom of galactose Is mgmuficant under the conditiony wed in
clinjcal galactose tol tests, determination of the hepauc
gl 1 rate from & curves In playma requires correc
tion for this extrahepatic elimination

The renal exeretion of galactose in patients with normal and with reduced

Irver functron therefore has been s 10 order to the magns-
tude of thn correction. The renal excretion was studsed partly nder canditions
of mtr 1 fi {with constant of constantly

rming plasma galactose muc:mnﬂom) and partly under conditions of falking
pluma concentrauons (following a single intravenous infection)

Methods

The erc sulied m the mornmg whil lymg in thar bed more than 13
houry after their last meal. They wore allowed to drink moderat  amounts of water
but forced drinking to ensure high diurss was mvosded a3 ths  pparendly mBuences
the excretion of galactose

Galectae was admmutered a3 analvred sol oo by calibrated, motor-drven
syringa Infimons of galactose were mawtuned for one t three hours, od the urme

infusan rat was cmaller or greater than the maomal gaisciow  bmoatos
mt of the patlent

In expenments with nogle | jection of gelactose bout 500 mg kg body weight
wat miccted at a comunt rate m the ounse of 6 minutes.

Detarmination of galactose 1n plemma was performed a1 previowly desemibed (Tyo-
steve o ol 193) A galsciose 1 manly dstnbuted in ettracedlufar fludd {cecepr
in the hrer) concentrstiom are expremwed & g1 plasma water

Unne was collccied through an indwelling bisdder catheter The bladder wiy
empckdhymdicn.-ubedlwrcc\n!hfom]dnaﬂ salmc, and arme and wahag
fuld were moed.

When the excreuon wiy studscd ¢ falling or rsing plasma contentratorm, ihe gatec-
Lm:d&emmcnmplanunhxcdlodﬁcmdmmmﬂm ploma 8 mimites

wum(um(klnmmn{lhcmmafphcmrhu;nmdwbnbkhnd

;:ﬁutﬁwmmd‘uﬂhlfbundrum&mdwplwdm
u-tmt‘uw-ndﬂ-ﬁﬁmlmh,mddwmmmmmdmlmar‘mhﬂnmhl
umﬁdmmwuwuumwnmmwmawm

durog bigh dhreut.
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peior o (e mid-time of the urine coliccton interval. This correction for the  verage
delay-time In the urinary tract was spplicd because in on  experiment (e Fig 2)

Tor determinanon of galactosc In urine the epecimen was diluted (0 an estimated
concentration of beat 500 mg/l The reducing power was detrrmined by the same
metbod as used for plarma, partly after treatment w th  galactose fermenting straln
of yeart, partly wathout trmatment. The yeast, cultured n & galactose contaimng
broch, was washed three times In mahnc to remove redocing rubstances. About 5 g
of wathed yeast was aupended in 30 ml of 0.2 M pbospbate baffer (pH ~ 36) Two
ml of diluted irine and 2 ml of yeest swpention were mrxed In fimk vwhich was stop-
pered, placed n water bath at + 30 C, and sutocatically shalen for 90 min.
difference between reducthan ahses of the yeast treated and the untreated
sampir was taken se concentration of galactose Troatment with yeast fof detcrmination
of the mfermenmable (non-galactose, non-glocose) ret reduction was found necomary
apeclly when the concentration of galactose was bow as the ret redurton varied
widely from sample to rample, and in most s amomtrd 16 001,500 mgd of
unne, expromed as galactose The randard deviston of ths sualyboal procedure n
shoat 3 per cent.
mﬁmhfmmdmmkmhimuwcuumﬁmn-m
¢h fabely hayh valocs T earlrer d from
Provicans urmatyds, gahictose was d b Lh“" bﬂrccnl, ted
md  Notatin mwd-mplr_hmxvcm:apcrhnmn procedure s used
when the urine showed resction with N\otatin-impregpated paper ((lrmix®)

Rasults

A Igfenon xperimants oth cmstont placma coscenittem

The rate of galactose mfuson was lower than the maximal galactose elanma
ton rate of the patients. In patients with pormal Iver funcuon the infusion
Tate was aboyut 300 mgfmun and m patents with diseases of the Iver about
200 mg/mm. Consequently the plasma concentrations were lower than 400
t0 500 mg/l, 1. ¢ the level at which the elirunanng mechannm becomes stu-
rated (Tyosreur and VS prrixs 1954) The materl comprues 32 determina,
tom m 29 mubjects w th normal hepatic and renal function and 10 deter
munatons in pauents with cisthous of the lver or acute epsdemic hepantis,
In the subjects with pormal liver function the ratc of galactose cxcretian
averaged 9 mygfmin (x. d. 36) or 31 per cent of the infovon rate, and n the
patients with reduced elimination of galactose 4 | mg min (5. & 3.1) or 1.8
Pﬂ‘czmd'l}nmmdnnme.ﬁgl:.hmnh;rehmmh:pbemccnthcamcum
of galactose exercted m the urine per mmute and the concentrapon m plasma
water It 1 scen that the correlaton betneen the two 13 poor and th cal
culated renal clearance of galactose therefore aries widely In patients with
pormal lver funcuon t & erages 35 mlfmin (1. d. 18) and in th pauents
with hepatic dmcases 17 mlfmm

Kindlly eupplied bv Caelsberg Labortories, Copenbagen.

Geoeroosdy suppbed by Leo Pharmmentioal Lad, Copenbagen.
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The rate of galactose infiwon was hetyeen 400 and 800 mgfmun which
was greater than the maxunal galactore eliminatron rate of the patsents. The
material comusts of 8 subjects with normal lrver functian and 3 patienty with
currhoxds of the 1 ver Most date wore oboauned in intervab duning which the
CONCLNITARODS were nung At rata varying from 0.2 to 12 myg/l/min. 1o one
cawe the urinary excreuon durning a stecper rue (34 mg/lfmun) was compared
to that occurnng duning & Glling curve (— 51 mg/l/min) found after inter
Tuptson of the infinjon, (Thn expenument was used for ewessment of the average
delay ume i the urimary tract)

The relatominp between the unnary cxcretion rate of galactose snd the
concentrabon mn plasma v Aty i thowrn w Fig 2. 1o this concentranon interval
the correlation o mace defin te than at low concentratioms, aithough the in-
dividual o ull appreesable. Furthermore 1t p seen that the renal
clearance tends to fall at Jow In the i d
ioterval of 1000 to 2,000 mg/l 1t averaga 46 mi/min In the subject with
normal liver functron, and at higher concentravom 37 ml/min,

C. Siugle oopectrem experrments

The rate of galactose climunatron may be caleulated from the rectlinesr
plama concentration.tme curve by muluplying the atmofute value of the
dopeoflhcc\m'ebylhcmlumcd'dmbulkmofmdmhuubuns
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obtamed by drvidmg the amount mjectcd by the extrapolated concentratson
at 1o tme. The rectilincar part of the curve, the st prreod, generally
"arts about 20 minutes afier beginnmyg of the njection and ends vhen the
concentration falls below about 400 mg)l
Quanntanve collechon of the anne excreted during the entre test penod
B 0ot practyable, o the axact durabon of thi peniod is not known beforehand
m the indimidual patient. In  bout one fourth of the expenments the test
period vy fourd ta be madequately conered by the anpe collection mtervaly
Excudmy thoe 9 expermments remauned m subjects with normal
frver funcoon, and 32 n patrents with Grrhoas of the liver which were sath-
facmry for an evahuanon of the relatombip between the mate of unnary ex-
acton and the toal ehmunadon rate dunng the test perrad. (Table L) Fig
3 ihntrtes the experimental findings in two typecal exampher. The panenn
with enrhows were arbitranly divided into 3 groups on the bash of the total
dimmauon raze
It u »cp from the table that the urmary excrenon rate during the test
Pﬂwdd-trmuu‘hdccrumlgtoule&nmnte,nndmlﬂ4w
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averages about 10 per cent of the Intter As the mud-concentratrons of the groups
{n the samphng rateral are slmost wlenteal, the values of renal clenrance
of galactose alwo show a decrease roughly parallel to the fall 0 total clmnatron

mte.
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The total amount of galactose recovered 1n the neane i of the same arder of
magoltude w all groups, The ratlo between the amownt cxereted and the
nmauntin}cctadufmmdcubemmhmd\otbeudqbczmuxudwy
excrenon rate and the total efinunaton rate dunng the test perod. Thiv cor
relation 1 depucted in figure 4 the correlation cocffaent {r) b -+ 0.80. Mare
speafically the correlation may be exprened ag

total excretion 11 urinary excretion rate
-
amount injected total elimunation rate.
This means that the average unnary excretion mite dunng the test period
may be computed fram the total % 1 ¢ without cath of the

bladder The standard devistion of the factor [ | 13 0.3

Discrasion
The data prescnted agreo with the concept of reabsocphion of galactose in
the yenal tubules (Gasaumrrorr and Kranss Joemn 1943 12th 2 Jov and
incomplete thrahold at & concentration 16 the body of 100 to 200 ng/l. The
relatrvely slow ms¢ 1n clearance at higher concentratiom mdicates that the T,
of the proces 1 very high, unless the reabecrption a1 these high coacentrations
1 mainly passive, & ¢ by diffuson. Dostsourz and Pousxonr (1944} found

that the gal was Jughly dependent on the rate of urine flow our
data indicate that this o the case to stome extent, while Gawwzyrors and
Kyezuir Joarn (1943) were unable o d any such by,

The reason for thys discrepancy may be sought wn species differeners, 1 dif
ferent procedures wed for production of diuroas, eod in dufferent
concentration levels pudied Recently Warnetoon «f &/ (1960) found that
renal galactoee clerrances of the mme order of magnitade ax the glomerular
filtraon rate may be obtained during water diuresds.

In the unm! peroral gelsctose tolermnce tests 1 wiuch the amount of galac
tose excreted in the unne s the paremeter observed, an sbnormal renal hand-
Ling of galactoke may be an important source of false wmterpretations. In mtra
venom tat based on the disappearance of galactuse from the blood, changa
1n unoary excretion will enfy moderately influence the result, the degree of
influence somewhat depending an the type of test wsed.

IF galactose 1 infsed at rates bower than the muxmal galsctose clummation
rute of the liver as for determination of galactose blood clearance (Tvormaor
and Womirr 1958) the unnary fos may be duregarded. When larger a-
mounts are wnfined the plaama concentration, sud theseby the uripary e
rtton, met, and as the hepanc eimumaton 13 constant, the reative unpary
Tose roses oy well At & concentraton in the body of for nutance 2 000 mgft
it will azoount to about 20 per cent of & normal manmal hepatc galacrose
W&)ﬂnmdmmgfmmvndcr(haemdilmlhchwmﬂymbf

dcmmcdﬂ'themwrylmumwfrdfor
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Tethnically nngle injection of gala n the simplest form of intmavenom
phctc-:mln-mc:mmd;hculdbcwcumkcdforpncbcdummtuf
the liver function in terms of ximal bepatic g rate.

Clh:uhnonuhhhﬂluefromthcmcﬁlmmslopao[theplumagnhcm
concentraton-time curve and the aversge urinary cxeretion rate dunng
Ux:'-mpcnodrtquhﬂccnd:nm\mpmm.'l'hu: t must be swumed that
other hepatic routes of g lon than renal excrebon are
m:gﬁgihlc,mddmdmnppumtmlmofdkuﬂmﬂmo(phnmm:ulm
conatant during the test period
Since the rate of urinary loms of galactme decreases with decreasing plasma
concentratioms, on  should expect some deviation from rectuilinearity of the
plarma galactose concentrabon-trme curve (se¢ appendix) Generally thn
devintion s not dmcernible, however probably becamse it Is hidden by the
analytcal erroc and even when & number of curves are pooled and anatyred
(Tyosrur and Womiam 1934) ﬂrcnhon}y alight and statstcally in-
devi The p fon rate dunng the
tmpajod,muiﬁ:rthecoﬂecbcmoflhcmuldlmlmmnnu,unlyujudﬂcd
¥ the excretson rate 15 small 0 proportioa to the total emmation rate. From
tha polnt of view it is fortunate that the renal clearance of galactose generally
i decreased 1n patents with arhosit of the liver
Whether the diminkbed excreton in patents with arrhoms 5 due to di-
minuhed filtration rate of galactose or to moreased rate of reabsorpbion cannot
be stated, a3 deter tion of thaw have not been Included 1n
tho study Reduction of the glomerular filiration rate to about 50 per cent of
porma]l has been demomstrated in patnenty with decompenuated clrrhoshs of
the hyer (Owxn 1960) and If tubular reabsocption of galactosc Is unchanged,

this may partly account for th  diminished excretion. Furth v the rate
Hmmcﬂowlnth:anhotnwuonmnvwednghdymﬂ:rdnnlnd-c
Dorrah, a fact which may have enh back. of gala in the
tubules,

The reduced remal clearance of galactose may explan why negatve reult
of peroral galactme tolerance testy, based on the quantity of galactose excreted
I the urine, are frequently encountered in patients with cirrhoss of the liver

Appendix
{In coleboration with Cir Onax, AL 8¢

Tho galactoee plaarm concrntrathom-time carve follmmy  single mjertio may be drvided
100 3 parus (Trarace aod Wraosa 1934) (Fg. 3)
P

and
renal clearance are presomncd %0 be conetast [0 this Intervul, dac carve b dosnbed by the cqmation
& cr a«

& r 13 m




where  f concentration, £ is time GE 1 maxima] hepate galactow clmlnation rate, & b
urinary clesrance, and P i vohune of dismributan. Therekore

a )
OE —_ 1 cr
(& g -F @
a

where {y the bese of rangal log And andr are Valuer of
and tme .4  and ¢ w Fap M

The shape of the cuny  deerrbed by equacon (2) deperds an the refatn  magnstode of the
Teonstanis, In arder to cyaloaty the deviaton of thes cun from recllipoastty Io normmls and
chrrhotica, the arves of Fig 6 wer  constructed The conmants vwd for the specml sal tiom
depicted in the figure were obmuned by ailculaimy  versge valoes of  GF, @, and ¥ from
the materml of group 4 and group C m Tablke 1 fearve 1 and curve )1 respeetnely) Curve
thercfors may be taken o represent sn verage  pormal subpect, and cun 11 an average
patlent with crrrhods of the Lver A number of concrutratioms were calculated for vatues of
{ greater than 20 mm snd  grotser thaa 400 my? covenny the umal text penad. These
Comerntratsony, with the sapdard devmton of the snalyn, are plotted m Fig 6 From esch
series of polnts the best frng straght boc wis computed by regromion.

Fog. 6 shows that in both crer exxmumed tho devintion of the stregbt Line from the eal

perfod ay conmant.
Making mo of thiy ppeoximation equatoa (1) may be written
GE 13
‘ H {ty—1ty I
where s the tope of the bert frting strarght Lioe durmp the test penad, wd L 1 O amoustt

ewrewed in the wrine 1 the perod-
The mim(nmumamummmmwbuh

ber taken phace {g) &od the amom present 1n the body t et ume (1) (f Fig 5)

[&))
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i

” » ”» L o
-
Tig & The hnffuence of the Lincoa of exeretion of galactosr on the plawna concentra-
tontime cun in an_average  normal (carv 1) and bn g merage patent with
clerhosts (e 11)Th.mmmhn.ho-—n(+)‘mnkuhmd&mm¢na)..—
urinary crrreton rate to be o
wcraight line ws cakcubased by regremion from the mme concent the
evretion rate t be consant accordmy # cquation (3) The deviatwn of tho aralght line
from the concentrations i scen 10 be devation of the

ed
procedure, depicwed by barmontal bar (S, D. = 001 x  + 10 mgll)
M—GExt—U
)

where 21 iy the amom infected, and U 13 the ammount exrreted in the arine b the dotribution.
perod, Esmmatmg GE from cquation (5) and (4) »  get

]

a—g ¢t

where the denomina or  — g x [ eqmb ¢, (¢ g %)
From the wascrial of Tabk I rt way calculated tha om an mvernge

vt i —emmgoeam ar
H—t
and apphying this vahue equation () mey be mttes

088 A
M= (&
Froca eqoatcns (3) md (6) [t appears tha

0% 3
CEm—g XX 3 L

18473015 Act phyriel weand Vol 51
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Izmdw:md(ﬂ(ﬂv.hxm-nmp

e

h~t —axd ar
\vamhmcmnlmndhdtmwwe-bkw-ndwﬂq
this opresion In equation (7) w  get

GEm % x (0.98 x M —11 X Upona) m
o

— 1

m&m——‘ml— and 1, may be drtermsed grapbleally from the curre. (ff Fop. 3)
G

1f the Eactors 0.96 and 11 in equation (8) are ooitted, G oo an veragr will be overertimated

by 3 per cent. Ax thiy crror i imumportant fn clinkcal work, aod mey be overshadoned by

the fndnidoal varmtons of the faciors, the equation

M~ Ussad
ol )
I3

GE =

may be preerrrd $or this purposc.
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The Effect of Juvenile Hormone on the Respiratory
Metabolism of Silkworm Pupae, as Recorded
with a New Seml Micro Device

By
Jouax B. Stexx
Recedred 21 November 1960

Abstract
Sreex J B The cfact of facwils horrens o the reghrratery metobaliom of
silbwerm pupat, a1 rocorded wilh  mow sren-micre dacice. Acta phynolacand.
1961 57 275—782. — The roplranom of Polyphemm popac during
normal pupaladnht devclopment has been compared to that during
development as induced by juvenile hormooe. Ropuation
was mexsmred a1 axygenuptake wih & now
Sirlking diffcrences woe found and &t B rupgested that
tho rerplratory respovse may be wed a1 a sensitive asay for the fuventle
hormone.

Duuring the time required for an usect to develop from a pupa to an adalt,
the metabolism, s ngnalled by th  rate of oxygen contumption, iDoesss
systematically Thus has been documented for several speces and orders of
intects, particularly n the carc of the Cecropun silliworm (ScRxEmIRMAN and
Wiitiasa 1953) If such a pupa 15 myreted wath fuvemle bormone (Wi
1839)  t will not undergo tu pocmal metamorphens but imtead develop nta an
mdradual which cxbubits & mosmc of juvenl  snd imagmal chametery oo
€ven into a second pupa. The object of the present nvestrgation was to compare
the reypration of anmmak follow ing these two paths of developraent and therehy
gAm meght into some of the metaboli effects { the Juvenile hormone, To

accuracy of some 3 per 5 ml of gas consumed.
Preaent sddeem  Imaututs of Zoophruslogy Untrernty of Ouo, Blndern Ko sy
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Materials ned Methods

The present um estg is based on on & tota! of § female pupse of
the gmat moth Axthranr pol) phevacs, (a chose relstive of the Cooropia mikworm) varnng
m woght from 4 015 3.5 g. They hard oYl beenr stored 21 6 G, for  bout ane kalf year so
1hst 1hev wonid devefop prowptls when tramlerred 10 room Learperature

X e gr——
T devace was dogned as 2 ample a0d inaxpermve recorder for oy genupabe in

trealty
changpry ratex of axygen-wptake The devioe dosaibed by Baow (1937 for the mme
ey stourats temperature and presnnt regulatron, whereas the devc

parpose requTes
to be dewcribed bere tly for external snatons  temperiure
and presure withm } C and 15 mm Hy
& Prucple
pasarely w th sdroucel raperatory

Two Boating respir e
chambery, govern the posityon of & pen and & drum respectveh. The anumml 1 placed 0
the conmreeted 10 the pen. Both chambers antum carbon daoxade abeorbrn)
“The corve drawn by the pen o tbe drum n, dealh & recard of ok the volume change
e to the anima) smer varmsom 1 tempearature and presure will mBurne the pos
300 of bath pen #nd drumn equall sod will not lead to et mon ement of the pen on the

dnm.
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b. dpperatzs
The coasivts of resph hambers fastened in w lated water
tath and lever arm cach with a fulcrum, a roumnterwoght, rapknmunnd-penur
adrom (See Fiy. [) For mamnmom soaitivity it fs cmential that the anme wnd amy thing
tiached to them, except the coumterw erghty, be s Light m1 posedble,
It n convemaent %0 uudﬁunulemnomph—mmdxnmedmm_mml
Fam jan worked satiefs hambers for mogle silkworm pupac. A
-ﬂmhuud:undcuhrhcnt\KOthLnfdm\h:!nﬂmmdrp:nlcdﬁ'mme
ammal by non-metallic scrrer. The chambens are doscd off with  two-hol  rubber
stopper A sectlon of bent glam tubing o kneerted a1y side-arm Into anc hole and into
the other hole, hollow thick-wall srctian of Luate tabmg The latter fits thghily lnto &
second rubber stopper which makes a flexible joint with  acttion of this glas tubog
o Up into the  esprrometer A sechon of lange dumeter glsm tubdog fts around this
stopper forming  Jacket. The jacket o filled with a sturated sol ton of otric ackd
whach bt frroamble surface properties and  very bow solubility for oxygen®
Thinsalled plage centrfuge tubes (10 10 40 ml) serve a3 resprometers nd are
mopended fram the light alummm lever rom by wire clipe so that they float In tha
dnk!dimpmwutbccmid'tbemmlbcdrmnulghﬂynpmﬂt
the comicrwerght v sdfmsted 30 that the lever wim are m equidlbrrum at any
puuumoﬁhr-phmeccban;emhwqudthc:p&whmkd
by an upward bend of bout 8 —~ 12 degrees W the rod that carnes the welght. In
order to make the Arm more scontrre the compenntor arm s bent w1 thown m Fig 1
0 that the center of gravity df the dnum lles 0o the Ime throwgh the countern eight and
the fulerum.
The folerumes are mad  of wood or slumdnnum and rest oo bard surface by moum of
™ mudnmmnupumm\crdmvhlh:cmuoiﬂx-mmfuknmm
Phccd\o\]nxlh:mm 1 when the are half st d
Ethlrtcwdm'dmmnn_qrndcd&mth:lmb\ sl thread and & speing wire
trpod (Fig. | — J) the cnds of w hsch are bent alghtly outw rd to fit mio boles dnfled fn
the lower ond of the drum. The pex of the tnpod o 11 the center of the drum and the
et ret wgarmat three  artical ghaw rods fastened 1o dlock motor {Gorrell tvpe MG —
1000) Contact at this pomt i chreved by windmg the nlk thresd a fow tmmes befare
the drum o fitted over the rods The [nchon moposed by the glam rods upan the  ertical
motion of the drum is overcome b the  ibration {rom the motor
T wam omils oagoficancn the distince betwemn fukorum and spoameter s
wcnneal oo all arme es 1 the dwtance from the sprometer 1o the pen (or the drn)
Tha recording paper has cvixcal lines and o changrd mout eanty by finvt disconnecting
the rprromcter from the arm 50 thet the latter swings up. After exch refillng oc chaoge of
Paper the lovd of atrle 2ad shonld sl be the same
€ Calibroium

The rpurometen are calibrated by mpectog g from  eomge throogh the side-aom
bude the pro rrcords 00 drum which B tomed b hand. A scale 5 mad 30 that k

raduthe olumes 10 € diceetly Fach ml on the scake oecupees ——— & cm where X

8 the duplacemen of the pen exmed by the myerbon of ooe ml t emmperature T The
tane cabibeation w  ccomplubed w 1B the kever arm m borroatal posinoa. 1 order
O prosert cuzves properh onto the base ke n convendon make ruler witha
straght back cdgee and froot edgr which conforam o the arc traced oat by the pen
Polopaphe eml w. scoat w0 104 faded 10 detect azy oxygen bn mteaied cltrie
*od well haken with ovvgen (H. RITTIR, persoal commmmocation)




. > L FLTI:{!- cunes Mosrsre the
e ' =;-nrny the open
[enpasery 1 aton mmm

o sparme

" upper b recorded with
w2 the device shown {a Fig 1| the lomer
v COvMr a1 cw\-chm:nrddun.babmni}sn
drum, The dotted oe

revolving
& the togr e heve linc

4. deavecy of the methed
Gunmp)awhmhkmntbd:m&untberupﬂmchmba,daﬁn[apa#
mcnu-nd:m]yrdmzbzbou_wlﬂml.umhm(&amumlwnpn
lew than 0.03  CO,.

The sermitnvity can be vared wuny sprromoetars with arying dimeter

vertical morement of the pen.
\ ariations 1o the atmosphenc pressare of up 0 40 to 50 mm Hy are not recorded oo
the compentated drum with Loger varmaton e compeassion becomes hom complete.
Fig 2 thows cceardings during & temperature drop m the waterbath of 4 €, One
un  wa recarded o6 th compenated drmm, the other on & regular drum. The de-
Bections are 01 m} and 3.8 ol rap 1y W th the rhath fated o within
1 € the erroc mtroduced by this myperfectness o 0023 mb
Repeated gay inpections ga e an accurscy m the recordmgy of 10, for 1 m) samples
4 forSmlamploaand 2 for 0 ml meple. Thus uncertamty i doe to Ioperfect
Dew m the balance of the bever anm, w0 vanatoa 10 wpor xnd surfsce tenpon and to
duficultscs m reading the recordings acarrarely  The accurscy dunng scnaal rum n
Do more than 5 per 3 ml of oxygen comumed. A gleni mecct popa wa

burs usng ths metbod are sccurate 0 bout 5 gl The Warburg manometers are, for
COMPATIGON, L£N MY MOrT SccuTRle
\ alues for axygen #hould be corrected 10 760 ;mm Hy, vmeg the erage

cormmpon
peewnrre duning the recordmyg tme \o ity corrertion o

Results

The popac were anesthenred  1th CO for 15 to 30 nun rmmediately after
they had been remoted from the cold room Six of them recoved 100 1t of &
yuspaaon of juvenile hormone m p Ity through th horacte
tergum yunt {ateral to the nudhae. Two pupac senved a3 controlt, oae rectived
lmylpclnn!ultheo(hnuunoxmjcﬂ:dnnﬂ_’ﬂxnmﬂnumbcrd
controls 15 safiaem pnce the normal developmental respiranon resemblcs
clowely that of the related Cecropa pupa which has been well anvesugated
(Sca:@uuumd\\u_mm 1993, Seven of the pupac intated development
mmxdiald)lﬂcrtbqhadbcmmmmtd&umtbcmldmum.thepnnmﬂ
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Fir. 3. Rases of caypen-cpaks during deveh 0 the Polyp The
Topiraton of three pupsc which

o) ¢ x popee Iuvcmkm-nd
dnaqﬂm whach kad Tetamed several pupsl charscicnstc (solxd Lmes) #
conpared wirh thal of tho pape whach rechved £ meechon of faze peana ol (broken tne).
injected

pupa started two to three days later Thn 15 well withm the range
commonly experienced in thy speacs
meanrements were started withun an hour after infecuon. The

ramrometers ratng on the atric acd. The slde arms were left open to ket the



0 JOUAN B. sTEEN

¥pu ometen nnk and push air out, The nde arms were then closed and oxygen
#bubbled through the atnc aoid and mio the sespe amnetern e a Jahaped
glass tubing The ecording was interrupted once o twice to renew th carbon
dioxade abeorbent and w check the yage o development of th pupae When
the animaly had finnhed decluprent, tha e seured a4 1o ju ende and
wnapmal chasaciers mccordmg ¢ the mvrpholomes! boarav of Wariav
(1939

b Th exzgen apiale [ Poliphenexs durng wrmal adull deveinpwnext

In F'ig 3 A the dotted curve records the chisracteraue ume ¢ urse i the
axygen consutophott of the snnjected Palvphemos pupa dunmg th ourse of
development 21 23 5 C. The chape of the une 3 much bk that fx Ceaopis
{Fig 4) cxcept th ume 1 shighdy shorter (11 to 17 dava =3 compared o 21 t0
27 days) The shght morease i axygencomumpts n duning th fimt fow days
resembles that o Cecropia and s protabh a rea uom to the temperain £
shock the ammal experiences when removed { vm the cold

Except for the shsence of the wital hump  the peanut »l njected prpa
showed nenher morphologienl nor totsc d flerences compared w the
unmiected pupa {Fig. 3 B, dotted curvey




JUVESILY HORMONE OX SLEWORM 281

2. The saypex wplake of Pob phesous daelspong m the presence of peventle harmone
Despit the fact that the fuvenule hormone had been found very potent in
carlier tests, oaly three out of the ux Injected pupac showed a mocphologreally
aboormal desclopment. The three affected pupac had retained several pupal
chamacteristics t the end of metamorphont. For example, they dusplayed pupal
cuticle and antennae and they had failed to develop wmg miscles. The trme
course of axygen-uptake durmg thrs develop was very d fferent from the
normal picture as d d in Fig 3-B, although the total uptake of oxygen
was not much different. The initial hump i much larger and It tice as long
=1 m the normal developing  dult and t goes direcdy over 1nto & second hump
whndlrndnlnnxi:m\mnummdlhcll!hd;) of development. At this ime
the marphol 1 d and the curves fall off gradually
rttm'mngtnd):mugll:wlonlbmtlhcmdny

Fig 3-A (full drawn curves) records the mte of axygen consumption foe the
pupac that recenved active hormone but ne ertheless developed mto morphalog
ically normal adults, Dunng the fist eck of development the respration
rescmbles that of the affected pupae although the fmnal hump b tomewhat
lower during the Iater part it duplicates that for normal devdopment. Thus
mdcates that while the hormone was not actrve cnough to mdnce morphological
rregnlariticy, it was strong encugh to mduoe metabolic deviatom.

Discussion

The posibility of usmg the occurrence of a pronounced utial hump a5 &
brosmay o mggerted. At prexent a mafe prdgment cammot be pamed as to how
dependahl  this test would be.

A diapmining papa will normally respond to any myury even to a ncedle
pack throngh the cuticle w th @ temporarily devated resp { =
MAN and WiLuiaws 1933) Such an mjury metabolum, however canmot be
induced m normally developng anmmsb (Hax £y personal commmumeation)
and t was not found m the pupa myected nth pure peanut oil. This doss o t
Temove the posibility that the presence of yuvenil harmons may mcrease th
WD ty towards injury or toward a temperature shock inder these crcum-

Durng the des clopment of the respwometer T benefiecd from the cxpert sdvace and crafts
mamuhip 41 wetl 4 panence of Mr K. Caaraar 1 uh o thank D C. 3 Wrooaws, wbo

Faats o Do C M Woaws and W R Haxvry from the Laited Statn Publse Health Ser
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Conduction Rates of Afferent Fibres to the
Antenior Tongue of the Dog
By
J Inrwcnynia and Y ZoTTERMAax
Recehed 23 November 1960

Abstract

Inrceryra, ] and Y ZotTammax. Coadurtwm ratss of afcrest fbres b the
amicrier seagme [ the day Acta phyool scand. 1961 51 283289 —

tmste fibres appeared to be medullated filras (Ad) cooductng at rates
from 18 1o 2 mfver. The thermal fibres, cnld” as well &y the more mre
“warm fibees respondmg to slight tempernture changes (lom than 1 C)
were aloo A & fibres. All “twuch™ fibres #0 far encountered were found
%0 be medudlated A fibrew In addibon to these medullated Sbres some
afferent C fibres were found whnch ropooded to beavy presams s
well s t0 extreme temperaturer. Thae ftra obwionly serve nockeep-
th  resctions.

Single fibre analyms of mammalian cutancous nerves has been made by
Maxumasm, Mozrovent and Tasam (1952) for the myelmated nerve fibees
and by loco (1959 1960) Incira and Zotrersax (1960) and Hwrt,
Tooo and Wrrr (1960) for th unmmy cimated. In these recent papers the speaifiaty
of flevent cutancous C fibees has been established which suggests that, 1 the
?;‘;twmznnlhn, very elaborate, docriminauve réle b played by C

From the specual réle played by the tongue in taste th fibee spectrum of
the chorda tympam and the hngual nerve was suspected to be cafferent fram
that of the cutanemu nerve. In the present study rate of conduction and semsory
function were tudied n single afferent fibres of these nerves.
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TR/ N

rmll)rﬂmdmudmckm\lxﬁkﬂm of sl Ebre outed

pouring (AL N (3 slhutios on the mogoe Ragtn E.D.JZZL”';,M.“EM&

e 532 Conducn dinaner 125 mm. Tieoe 1 mari, Coortactrn roboty wa, doteraman-
macc.

Materfals and Methods

A total of 16 mongrdd dogs of bt sexes. waghiog berween 22— 11 5 kg were umed
i this sdy After basal anestbesta with 10 my Tetropoomm and 0 § mg Scopol

pex kg body weght Addmoml mycuam werr made o maiotam the sutable depth of
anevibecs by meaam o epon apzula
\fier remenal of the posterror pary of the marrdible the chorda nympens uay exposed,
cut comiralh and placed oo 2 black piat @ perafim poul. The pen wxy dabratbed
& st mto rxch thim Brands dat men brtres) apase o C koo ould be recorded.
The apomm Dt oo t Loguad 561 was abv mad m the w00 the prripheral
part of the cene, bekow th pomt where the chorda ¢ mpens s the Logual pene
Tb* comporrd acoon pacntal was rrowded by placng beds «n B+ charda ympans
m D ety NImmor our B W ] 3 oonm ¢ mpank part m e oot s The
Sttroda were placed wa the propterad parnt o te Legual nen dov 10
m antpnce m1 the o~fw 1 af dmance from te sobmooaiian cborda tyrrpane.
Revorts woar alio rmdt when umulsung tha fattr o Tor the ke 4 commpernon,
Jradh wore abo placed oo b et part of be logual e ben the entance o
1he chorra m ard-r to orang= the perd of the fotst A fibro of the tir-mus] nitn.
Forprermbom water O M SaCLO S\ ruaoe 0 01A qunms bhdrorklond
sedgton, and 0.3 actx acd were poured oo the (e The L meotoned three
mtstances were doschied o Rorer solubon 10 nosd o giedereoer of the » U7
remome, Whrmer smandwafund to ooum  fhre repotding 0 am of the ton
s 1ot 3 e, the rrceptn frld wio determuned wnih  mmall cortos bafl seled
with th- scfans 19 whach tbr £hre was rerpoodg L parch for the thrrreamartn
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T Goadmtus cebacitus of e o rent fibres in the chorde fmpand

i

nd the Frpmal et of the dag (o0 mixec)
Salt Swect Bater Acd Water
fbres fhre fibm fibres ey
19 20 16 63 15
[X] 45 18 99 17
L&) 48 38 100 (1)
180 53 47 128 73
104 122 133 83
138 117 163 23
19 132 e
144 178
s
Warm Cold Touch Prossre
fibrea fbres e [
19 Ling. 0. 29 Log 07 Lisg.n
120 32 €3 41 s a4
133 11 7147 as 03
29 7570 17 07
100 a3 12 18 a7
108 125183 20 08
10 150 230 48 08
us 164 54 09
4 M0 62 56
& 0
68 152
(1]
74
n2

Somms responded 1o 1o mlt  Respoaded ako 10 tockmg

flres  coavennonal thermode was wed wrxd the recepmy fledd was boaatoed by
vomed or cooled metal rod. For mechanscal smmulation the tonguc was toached with
the tip of  brumh or prowed with the rounded op of  ghae rod. If the recrprive fidd
wa derermined accorately  ( was alwavs pomible 1o stimulate 1t clectrcally for the
messarement of conducton vddocty at soch weak mummty w1 did not roult m the
movement of the tongue The sdentrty of the elccmcally o oled sake was ascertained by
the identical height and configuration of the gpkes produced by the natoral somutanon
umng the mme speed of recording, 83 wall be scen from Fig |

Rewalts
Taste fbres Drinecton of uste fibca was performed exclurmvely m the chorda
tyorpam As b shown in Table I where afl the fibres on which the measurement
of conduction  elotity was mad mtaund,mmlnn:ﬁhufeﬂmﬂxauﬂ:



- - —
Fig 3 actlon

A, Record the chords in the midddie car
stinndatng ehectrodes oa the. ooy as st

Fig. 2 Afferent C fibee n the
:bﬂﬂrﬂ\LL‘erm : mbﬂ,-;g‘g
§ o presure Tune w10 miwe. Rate of conducton 11—

of the A 8 group from conduction veloaty Some of than peesented conduction
velociyes lower than 2 m sec, which 13 generally assumed to be the upper Imit
of C fibres. \evertheless we hevitate 10 regard them a3 C fibres, because =y the
tongue was stretched and exposed to room temperature, dlower rates might be
obtaned than under normal condisoms, though care was taken to keep the
rectal temperature of the ammal a3 well as the paraffin pool at around 38.5 C.
Among the taste fibres, the fibres respondmg to quimne solution presented
pecially slow d rates as pared with the other kinds of taste
fbres. Tlus olservatron 1s 1n good agreement with a previoms ebservauon
(AxpeRsox et al. 1949) that the roxp to butter sub Is g Iy bt
up by smaller spikes, which was abo confirmed in this study Taste fibres did
ot respond to the premures which exated the  presrure” fibrey.

Thermal phres. Detcrmination of conduction rate was poeuble only for three
warm fibres m the chorda tympani Some¢ more warm fibres respandlng to
heatmy the toogue were observed but were kost when we tned further splitdng
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for better identification. Of the three fibres, which responded to dlight tempera
ture changes (ks than I G) two conducted at rather rapid rates and presented
action p Is of rel 1y large Utudes. On the other hand, the condue
umnmdthcthudum\«u\vynluw(wmfuc)mclthe-monpm:nml
was aho relatively small in amplitude. However from the same reasom as
stated before the fibre probably did not belong to C fibre group.

Cold fibres were found abundantly In the [ngual nerve. Ther rate varred
from 3.2—11 4 mfscc. Those which are Listed under the item of cold” fibre
in Table I showed highly sermtive responses to cooling (lest than 1 C) and did
1ot respond to touch or presure. Some fitwes which responded to cooling were
found to be sensitive alto 10 touch and are listed under the tem of touch
fibre wrth a special note.

Touck end presney fibrs In thu study the fibres responding to light towch
wath the tp of & beush are referred to as “touch™ fibres and those which could
be sumulated only by sirong pramoe with a glas rod and not by the brosh
were referred to a3 “presnure” fibeet. All touch” fibres conducted at the rate
of the A clan fibres no matter whether they were found m the chorda tympam
oc m the ingual nerve. As tated above, some “tonch” fibres also responded to
moderat

In addition to these A clam fibres we found 10 high threshold mechanoceptrve
fibres, 3 1n the chorda tympani and 7 1n the lingual nerve, conducting at mtes
tlower than | mhee. The response to strong preseare with a glam rod of one
of thus kind of fibres 1 presented 1n Fig 2 a3 well as the action potential evoked
by an dlectmeal shock appleed to the receptive fleld for determuming the conduc
ton velocity These fibres also responded to extreme warmth and cold, over
45 Cand below 20 C starting from 37° C, jnt a3 the cumneous prawure C
fibees did (cf. Fig 10 of the authors preceding paper) Some of them, foand
and localized by applying pressure on the tongue, did not respond to extreme
temperature changes an the upper surface of the tongue. However when the
thermode was placed on the lower surface of the tongue, the raponse to cxtreme
warmuny and cooling was easily obtained, Indicatng that these fibres were
supplymg the lower surface of the tongue.

Typscal recocds of the compound  cton potentmal of the chorda tympam
will be sen 1n Fig 8 The fastest fibres were found t conduct at ratey of about
30 mfrec whil the fatest tngermnal fibres of the Lingual nerve were found to
conduct at rates of bout 80 mjsce. A C-wa e way irvariably recorded condoct
hzumuomsmusm/.cnbmzh drstal part of the fingual nerve was

il of the sab illary chorda tympani ywelded one wave
oaly conducting at rates of 4 10 11 mfsec (Fig 3 D)
Disensaion

According to Foorxy (1943) 18 per cent of the afferent fibres of th  chorda
tympani of the cat are unmyelinated while in the dog they conrtitute 23
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cent. In comparson wath cutancous nerves the chorda tympenr thus contains
relatively very few C fibres. Our finding of only 3 mngle fibces in the chorda
conductimg at rates below | m/sec out of a total of 66 eammed chorda fibres
scams ting o be 1o accordance with what could be expected. Besides these 10
fibres which undoubtedly were afferent C fitbres we found altogether 6 afferent
fibres conductmg at rates below 2 mfsec and additanally 5 bres conducting at
rates of betwern 2 and 4 mjeec. It 18 very likely that these fibres are of small
dinmeters around or below 1.5 g with rmather underdeveloped sheaths and
therdfore might have been counted as yel d by the hutol The
findmg that the fastest afferent fibres of the chords tympan: eonducted at
rates of about 30 mfsec 8 1n accordance wath the histological findmg that the
dimeters of the medullated fibres of the chorda tympam 1n the dog do not
exceed 6 4 m dumeter (ANDERMON €t al. 1950) but 1 connderably lower than
the rates around 30 mfsec formd by Cowx et al. (1957) for the fastest fibees
of the chorda tympan of the cat. The conduction rates of the B wave, 4 to 11 m/
e, chated by stumulaung the preganghonic searetory fibres running to the
submax(lary gland, however agreed very well with the valuar of 4 to 12 m/sec
found by these authors in the cat.

Stimulation of the submaxillary branch of the chorda tympani nerve gave no
C wave which was 1nvanably recorded from the central part of the chorda
tympam when the Imgual nerve was sumulated. Thy finding 13 in accoedsmee
also wath Faley’s findmg (L <) that removal of the supenoc cervical ganglian
does not result 1n any donmution 1 the unmyelmated axons m the chorda
tympam of the cat. Thua the C wave recorded by us from the ceatral part of the
charda tympam must be duc to the getrvity of afferent C fibres ouly
y The largest fibres of the chorda tympant are ob ly h D
‘The great number of fibres condoctmg at rates from 2 to 10 mfsec foumd in the
chords may to & certan extent depend upon that we wsed young puppies. But
the compoend action potentual of the chorda gave much the sme rates of
conduction for the A clevations, a3 wdll as for the C vave, 1n the adult dog
Thus same of the quite wmall medullated fibres may loose thar myelin sheath
carhier m therr peripheral course and thould thus render rather bow rates when
stumulated from the nurface of the tongue.

Gm(lQGO)hllr:c:u.llydnwnlﬁmlmmthtﬁnlhltlhclp::dd'd:.:
delta clevation comes out to be slower than the rate computed fram thdr
dinmeters, based on the p of a linear rel hip between veloaty of
conducuon and fibre diemeter 1t o obvious that the chorda fympam containing
mbuvgly-onnnymtnrdu!lncdﬂlxﬂufmylwcunducdontpccddm
wmnmummthurapca.ccnntobcmlncdmthcmcerdnmumd\
23 the vagus, which o the cat contalns thoracse afferent fibres conducting at
rates of  to 10 m/sec (ParxTaL 1933) BmhAmAL;uhzuumlnddlemaﬂ

non has been attributed to
ms;;h;,immnﬁbmnacmmdmmcmvmmTw
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of them were ot 1 dull fibres cond g at about the same average
rateas that of the  cold” fibres of the lingual nerve One warm fibre conduct
ed, however at & mate as low 3 1.9 mfsec. Contrary 1o our recent finding of
numerom  speafic cofd” C fibres in cutancous nerves (Imuampaa and
Zorrouiax 1960) we have not found so far any  cold” fibres conductmg at G
rates In the lngual nerve. The afferent C fitres whuch we hanve been able to
trace lutberto teem all 1o be lgh-threshold mechanoceptive fibres which to a
great extent alwo respond when their endings are exposed to extreme tempera
tures,

The taste fibees duplay a great variety of conducton rates. The hghest
rate 17.8 mfsec determined for & water” fibee while for the “Iutter” fibrea
(only 4 fibres tested) the veloats were found to be bedow 5 mfsec. We do not
clalm that our faidure 5o far to find any tastc or thermal fibres conducting at
rates below 1 mfsee proves that i the tongue theye modalities wre not served
by any C fibres, However a3 we have applied the same techmque with which
we were able to record th actmues of speafic C fibres 1o cutancom nerve,
and enee in this rescarch w  actually revorded the acuvity of afferent C fibees
In the ingual netv ¢ a3 well a3 m the chorda tympant, we are inclined to asume
that wate 23 w fl &3 thermnal sensations fram the tongoe are mediated panapally
f not totally by medullated fibees of sorall dameten.
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X Ray Diffraction Studies on Peripheral

Nerve Myelin
»y
G Hoowwo and H. Rrtorxrz
Reveived 27 Devember 1960

Abstract

Hoooxm, G and H. Rocuewre. Xooqy difrecton stndues on poripharel
wrry wpiiss. Mcts pliysicl. scsnd. 1961 57 290295, — The dimennon

rpeiry
war 161 = 3 A wnd in the birds 182 & 3 A 1o the mammalian and
ftxant specws the < were m agr w th earher work
(185 = 3 A and 171 = 3 A, rospectivdy;

90 wad 10% devs gertanon age. The difffaction pstterns from fetomsen
alder thas  pprommatedy 103 davs gestation xge were similas 1o thowe
frocn perrpberal perves of adult sheep

The fiest tow angle rray diffraction studses of perve myelm were reposted
by Scxnarr Brax and Cramx (1935) and Scaary Beax and Paruex (1911)
They found that the radial repoatmg umt m nerves from vanous mammal smd
from reptiles {tustle) was about 184 3, and that of amphibiany about | 1 L
The relatree mtousities of the sanouy orders of diffracuon bt nere, 1w oDer
of intenuny, the second, fousth and thurd.

Se\'ﬂll:tudjuhl\tbcmp:rfcrmcdwdcmmmtlhtmnmofthemydm
sheath by meam of x-+3y Siffracuon (SannTt Brax angd PAiuex 194] Froax
1938) and clectron mucroicopy (SISTRAND 1933 Foaas and Framaxpez
\forkx 1937) On the basof \erav diffrection date and clectron mucroscopic

290
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Table 1 Dimctrsm of rasie] rpestg wxit i% terons catrbrate species

Bpccies o Bbe of radial Rangx
repeatioy ualt

Homo s JLES 7

AMookey 1 1|5 3A

Soerp 3 185 34

Rabbiz 1 135234

Gaien. b 1334

Alarmal; average 185 A

Dove 5 18234 1183

Drack 3 181 £ 3A 18018

Hen 3 1mLsA 1184

Buds, verage A

Frog 3 MmEsA

Toad 7 1mE3A

Amplabeet, verage ma

Proam 6 [P

Macherell 5 16134

Tio 2 161 £ 34

Balnam 3 %1 23A

Trench 1 161 £348

Fider, wcrage 11 A

fodmgs, Fraax (1933) and later other authons (Rozrwmsox 1958, Stoecxe
ey 1999 Worsaw and Histurx Lasen 1960) have proposed modeh for the
molecular structure of the radial repeatmg umt of penpheral nerve. From
dlectroamm croscopee observatromy Garex (1954) found that th repeatmg units
of the royelin sheath are denved fram the Schwarm ecll nrface by aninfoldmg
process utited when the Schwann cell envelopes the axon.

In tha study the ure of th radial repeatmy umit win meatured on peripheral
nerves from vanom speaes of fishes and burds, and abo on mammalian and am-
phibian spraes. In connection with m estigations en the promatal functronal
developtnent of the nervous system (BExniano, hania and hoisoors 1959)
diffraction patterns were alo obtained from peripheral nerves of fetal sheep
A prelimunary report was giver at the % Scandima 1an Congren for Phynology
Augmt 1960 (Hootuxp and Revorsrz 1960,

Methods

allow mg
dwtsnce wes 60 mm CEA - film, wextur \,
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L LR - (B
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GUNEA PI5
1es 4 ;
[y R,
92 A 1
' o Fig. L Lowsogk diffrackn
TOWD - recorded  froes
sl pervesof ‘e,

LE
S - [y e A
i

Adlt merres The aoatic perve was used (rom adult mammals, bards end amplubany
and the cervico-trachul plans from fithes. The apmmal were Julled
before the perve Mas exened  The human scstc norve was taken from frab autopey
materal The exposure tizoe wis 1/2—4 bours. The ditances between the obtaroed Epeson
the developed film were ander the pe. The dzc of th radial repeating:

o mexnmanent caused by the Lor width and the arr scatter was about 0L03 mm, correspond-
mgto = 3
Frtal arves \envaa from the brachal plexio of 22 sheep fetuses weaghing from 21 1o
500 g were used. The age of the fetamcs vaned from approximately % days, caloulsied
from 1he formula by Hicarr and Winpas (1951) o matarity at 130 dayr. The e
posare ume o nerves from fetases was 2 to %0 houry
When perve matens) from the same adult anpmal or fotws was repeatedly aamunad
wing arymg cxposure umes, th diffiaction paticrn was found to be the sme o the
nerve bad pot bren allowed to drv or exposed to gremter changes in the taoporatore
(Erxty and Freras (933, Freeax 1957

Results

Radial repeating wit Emensien o8 adult nerve

In Tabic I are hsted the suzes of the radial repeaung unit from perpheral
nenves of 15 species belomgmy o four vertebrate clanes In the table the erroc
of maavgement, ~ 34, 15 gen afier the obtned duncnuon. D fracton

pnumu&om:ptmabdongmgmm:xdxwmdzw-an;l
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L} LN LA B umw
90

e
ey | \ij\
gavs ) o T
In the fishes (teleostet) F d, the radial d of the repeanng

umt was 161 A, and m the burds 162 A, The radial dimennon m the mam-
malun perrpheral nerve, meluding that of man, was 185 A, which n m agree-
ment with the measurements by Samarr Brax and Parura (1941) on other
mammaly. The valoes for toad and frog, 171 A, was the same as found carher
At scen fn Tabl I, marmumal, amphibans and fiahes sthoned no varaton be
tween different species and annmals of the same speaes. In the birds & slight
Vizriation between speaes and between anmmalbs of the same speaies was found,
amountmg to + 1 A each.

The relative order of intensity between lines of different order was the mme
for birds as for mammab and amphiblans, namely second fourth and third,
while m the fishes t was found to be second, thrd and fourth.

Xoray diffraction patieras from fetal chech merve

Photametnie recordings of diffraction patterms from brachud plexos nerves
of fetal sheep of variows gostation age are shown I Fig 2 No diffraction
Imes were obtamed from fetuses smualler than 443 g (gertaton age Approx.
90 days) The axoms were thus surrounded by an meufiaent number of
rrpeating umity for th  recording of diffracton nes.

The duffractograms fram fetuses between 413 g and 1 048 g (gestauon age
*ppraximatcly 90 to 105 days) showed weak lines mdscatimg & low er number
of arranged repeating umits campared to alder fetwses. In fetuss
“cighing 1,048 g or more, diumet diffracnon imes of the second, third and
Lrurth ocders were obtamed. The sccond order lines were the most mtense
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followed by the fourth and third, These diffraction patterns were thus stmular
mtho-:obum:dﬁ'om-dultpmphmlmmmnmcmofd\:ndhl
repeating unit in the fetal nerves from which diffraction patterns were obtalned
was about the same 23 in adult mammalian nerve

Discussion

The differences m the dimmuon of the radul repeating unit between the
buirds and mammals war about 3 A This difference 18 smaller than the crror
ofm.nmrmtmdthcrdommnnmbcmdmdun@;ﬁ@m,

Atprntntnﬂdnuuelvﬂhblcthnngwmdumhrgamm.fml\ng
strom unlts between dufferent species withn the same clam of vertcbrates but
the exstence of larger varstioms can not be excluded. Mensurementy on fithes,
amphibians and burds have yet been reported for only s fow species, Varlations
larger than a few Angyirbm umits are therefore poanble particularly withm these
clantes. The relative order of intenuty between lines of different order was not
the same in the fldhes as in the other 1nvestigated clames. This may be caused
ather by the dimennon of the radul repeating unit or by & different structural
arrangement within the unit.

Diffraction patterns from feta] nerves were obtalned from fetuses of approx
mately 90 days gestanon age. It may in the connection be noted that recent
electrophysiologcal studis by Boumarp Kamrn and Kowsopmw (1959)
have shown that the central nervous system of fetal sheep undergoes a raped
fumcoonal development during thiy prenatal persod ind cating a cormderable
ncrease of myelinated pathwaya,

’

Frmancial support hits been grven by the Aw Rescarch ang Development Command, Unlicd
Ky Alr Foree, through s Curopean Office (Conteact AF 61 (052)—121)
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A Notice on Chnical Enxyme Unitage

Interpretation and tramshaton of many arbltrary vaded and wnrelated
clinical enzyme unts In curvent use bas beent & source of mounderstanding and
confimon amang climcal chembsts This will continpe 10 be » vexmg problem
until stepy arc taken 1o reach some agrecment on a common utage, The 1 ob-
kmnob\m}ympbuzcdbycmdemcnnu-ndpuﬂyddimdmcum
It s, theretore, ible to reach x factory solution
in every axse However It \vu thccmmdatduplnm of the Joint Sub-Com-
rasion on Cluucal Enzyme Units of the 1 ! Union of Biock ry
and the Internationat Union of Pure and Applied Chematry meeting in Munich
i 1959 thar some clenfs should be pred, that 4 should
bcmbu:cumu,darl) defined and scerptable to alf chemmts and chnigam.
The and d. of the Jount Sub-Comummron was that
wherever practicable clinical enzyme unlts should be defined a3 mrero~moles of
substrate transformed per munute under specified condibons, and their concen-
traton in terms of a mullitire (or Litre) of serum plsma or urine. Where ths
= iumpassible or duficult becase of the complex nawre of the substrate
and uncertunty 3 to the nanwe of the producty, e g witl fam, pro-
teims or starch, the amb should be exprewed in terms of the analysable wib-
stances or groups determuned to measure the reaction ¢ & fatty acd, amuno or
carboxy} groups and reducing groups, Thws for mstance, with & phowphate the
enzyme scuvity can be expressed a3 micro-moles of organic phosphate hydro-
" dysed (1. . of phosphaie liberated) per minute per millitre (or bitre) wath
Am)luzum.rcro'molaufrtdmnggrwp

Thy r i K with the repart of the Lnnyme
Compusson of the In!.emnnoull Union of Beochemestry

AMonor E Fraexax Sccretary Sut-Commmmuan (of 10 PAC and TUB, oo (anca] Lan e
Unwa 1500 Marwchusetts Avene, N W Wmbsgren 3 D G C8A
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Tbcnnpcwunccd'whmdimd:forﬂmmonﬂludanmhwrym
m the bram (¢of murvey by Meves 1958) has mainly been studsed sndirectly
1 « through the phymological effects mduced by changes 1n the carbon diaxide
cantent of the mpsred aur and the blood. The enly direet study of the carbon
digude exthange of the thoue has dealt with ungle amalypes of the total cartrm
diaxide content of coctieal tmne amples (Bronr and Woobsury 1958,
Nrcuors 1958) In these studes, however ft was poaible to draw quanutauve
conclunony ay to the aad base membolnm of the timue only after agumptions
had been made with regard to the pCO  of the tisue, the solubility coefBaent
of carbon draxyde, and other factors. Tn 10 1nstance has o contmuom mexsure
ment of auy sspect of the carbon dioxide metabolivm of the torur proper
betn posable.

The develop of a pCO, ¢l de for timre (Hertz apd
Say0 1959) however provides cortam ponsibilives m thys respect (f Inarax,
Sy and Hextz 1959) The ongmal electrode had the advantage of a
sutable geometnical form, sctmtrvity and festnen in respomse. Yet a trouble
some dnft was a conuderable drawhack. Before the electrode could be made
mto z good wnstrument for quanuatve invatgauans of the pCO of the
tissue, 1t stabulity had to be improved as well as the accuracy of the measure-
ments. In addivon, factors which mfoence movsmrements on the surface of
the tosue bad to be amalyzed.

The thearetical backg d for the ent of the troue pCO o th
diffunbility of carbon dioxrde and the potentiametne mture of the dectrod
pomaple (Stow Harm and Raxmars 1957) It follows that the clectrode, of

properhy applied, should attan gascous equtbnum with the tmsue when
placed an the surface of 1t. The value of pCO obtaned on the arachnaidal
membrane of & gnen cortscal area camnot, bowerer be directly used v an
expreawon of the pCO  of the tmue proper Thus, gradient of pCO  mum
cxist on the surface of the brain 1o relation to superhcial arteries and veim
The extent 10 whnch threse venels influence the pCO  of dufferent corueal spots
obviowdy limuts the ymportance of any guantitatne condusons { these are
based on mezturements on the surface. Ifso they are not valid for the corueal
grey matter a3 a whale. Diffrences 1 pCO  between diffierent cortical area
abo tend o mparr the value of such condlumans.

The aim of the present work 11 twofold In the first place it deseribes sutable
modifications of the trwe pCO  electrode s a3 to merease ts stability as well
nmelcqumemm%mnﬂyuummdcdu-mﬂhodulm
al study of the problems encountered m the coune of measurements o5 the
surface of the fehne cercbral cortex. The pnmary problan here was 1o -
vatgate the aptanal cond: for obtaining a mh variation of pC0>
ntummdlmm-mpnlmmmmmymu When
sixch conditioms were felt to be present, the amawons of pCO  encountered
“nhmlhcn.mca'btmtmmﬂ'acnlcurnﬂluﬂswﬂcnudmd.'ni
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Material and methods
A The pCO  cectrods
Tt seemed probable that the drift of the onglnal electrode was, at besst 1 part, duc

yferrmcs etectrods carbier taed (Hewz and Soogo 1959) bad
tendency 1o dry and could add to the dnft of the pCOy electrode by means of changing
diffnlon potrntisle An electrode with  greater chlande

potamium chlonds (k) The core ( ) with in owings ( ) was lntrod ced
ﬁvn-hwcudhddlnpu!nmbylhnn‘htﬁmngdrbeo-nm(o) Exrom potamium
chloride was allowed t cacapo through small openmgs (not shown in the fgure) n
the upper part of the Perspex tube ( ) If mbeone groasc was applicd to the Perspex

The grmeroom heip grven by the firms INGOLD (Frankfart sm 3Mam) aad RADIOMETER
{Coprahagen) is gratchaly eclnom bedged.

mhfmd*mmmm‘nmywwk\mom‘n:l
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with th side branch closed. If there were any keats m the membranc — even small
oocs — a small hqwd drop was formed by the blowing, The pH cectrude was then

bousing) was cut with a cork bore, thorough!!
and placed on the Teflon membrane 80 that it covercd the o-ring The same procedure
followred.

s described above was then
The veed for the wes & pH meter (pH meter 22, RADIO-
NMETER, ) on which dulfrences of 0.8 mV could be read coavenkntly
good

Copenhagen,
Tbc(mandhddubc.hldied-ircd'mcpHekcuodemmmcﬂcd'
;mnmd,whkhnhom&vtdnk-d&wmth:nurhthtsebdo«) The clecidol
mliﬂ\yvuhautdifmmdlumchhvde(nhwllpacmt)m-ddcdwdr

water tath (¢f Arraor 1959)

Cddiﬂ-d'Lbupw,dzmndcwn;cﬁuﬂdwhhm'nmh‘gmwhkhhu
pwgbaud.ndnmudwﬂhnm vapour in & water bath of comtant temperature
(=01 ) Tbcplnhwly[uscdlbculﬂrltbncblmbcruhkhrrcrlwdlhctkr
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A " %:’
b’ ow
Tx A Bectrods bealde,
Sezp 8
}, commer .
o) o i oy s ;O
Sy r b bF " T
o

(“IZALHmnidnﬁnmlﬂmbbtrmha,lndthcmhtolhcuhhnﬁou:hmba
were Lept betow the water mmisce. Lolow theso precantoms were taken the value
obtamed foc s gm mmmmnv-rkdrrch(hetptcdnnbcgnmm.o\-m

the paner reference electrode of the pH  lectrode, the latier
Wit protected agabow direct smBght duneg calfbeation.
calibral

by bair drier placed dn funned e the top of the box The 1w exaped through
boler. The temperatwre of the orcutated arr wes adpated 1o that of the carteal
safas by change m the Toltape aomm the bouter of the drier For tha purpose the

bt groerating rosrtor were nolated and conmecied o arable anro-
taoabormer A syninge m the wall o the box and  pobyetin lenc eatheter with b end
Hﬂdnmzuamym.d‘ 1 possible to irgat the smfhce of the bram with

whitlon  body temporstore

Aﬂmﬁchthmnni@mwmﬂwmm i

i
£
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B Thw hsshs sexcwrraents

Experiments with obwervauce of urae pCO weare mad oo 24 e A smmah
wer  anenhetized wnih Nembutal (sl dose ) mg per kg body weaght po In
cases where sxtifienl was employed ¥ sgont (Flaxrdily was od-

/munmmhﬁmunhmmmwmhmdaﬂ
hectro-manometer {ELEMA, Stockbotm  The soull bone was exposed through resec
oo of the temporal raddn and ooe or more holkes were drilled m the bone, one of
which omially oves cthe Supraoyhon gprns. The dom was carefolly sph and the fape
were folded back over the boov edges Thr exposed cocuarl srisce was prosecied
from drying by satermrieeny mrigsnoa with Remger  soludon.

In mont axpenments the chectrode was asembled with 0001 N N HOO od wuth
saterposcd GIZEHpaper The electrock bad  weght of about 35 g The dower end
of the dectrode houmng bad  dunoeter of 85 nup  Temperature control was obssuned
T calik at the e i # tat of the corebral ortex, and the farger
part of the electrode wis exposed w amibwent A durng boch caltbraton and meanre
myent. When the dura had been opened the dlectrode war mounied 19 1 hotder which

dimrpling of e umue sorface The o of the elect
:?;)odga:lbmaxhnbcdm t the border of the crumxstonry  The tompessture of
crunubuthmtdhubhﬂmmmujmcdm&manhemwﬂm&m
w0 a3 to permit calibestion mmmediztcly afta wrrs o meangerral.
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(S=vERDromAvY and BaabLry 1858) i influenced by the becarbanate concen
tratuw and by the buffering capacity of any material used to keep a constant
layer of reference solution between the glaw membeane and the Teflon mem-

The acnml mV sermtrvity for & given change in pCO m, however
abo dependent upon the y of the pH electrode. Thus there was a
danger of substantally reduced seositvity in the caxe of the tpme pCO
clectrode, where speaal pH dectrodes were used i connection with dikute
brearbonate solutians and where an posed brane was imes used
for sabllmation. It was found, however that the sctual senmtinty of the
thﬂ'odu(lpHm—ﬁlJmVl!!7 C.) amembled with 0 0001 N NaHCO
and with interposed GIZEH paper was 0.88—090 (Fig 4) At hugher bl
carbopate concentrations and without the GIZEH-paper the sensitivity in
creased cor dingly (¢f and Baapiry 1938, Grucsuane
and Limsens 1960)

Since the seraitivity changes with hydrogen lon concentraton (Sevaxow-
HAUS and Braprry 1958) the calibration curve coald possibly be non-fincsr
withim phywological carbon diomde concentrations. Wuth the gas muxtures
umel m the present mvestigation (2 to 12 per cent carbon dioxide) no deviation
from liwanty could be detected wrng 0001 N N\aHCO solution. With the
00001 N NaHCO solution, however a small deviation from linesnity coald
be seen ar about 80 mn Hg (¢f Fig 4) The dependence of the semit dty
upon the hydrogen ioa &3 Do ble when pCO  clectrodes
with an alks] dnit were wed. Here the senutivity was not commant but o
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Fig 6. Resporme tme of the pLO  chvtrode obtained afier  twolukd mamese io pCO  hunmlly
16 to 33 om0 Hy) The curver were obtacsed eamth the porows type of pH decrode thows £
he right pert (B) with  retunely fiat ghew membrane

creased with th dnft towards sliabingty 1 ¢ the dope of the calilmation cur
‘changed with ume

The stahlity of the pCO electrode 11 nfluenced by the charactersua of
the pH electrode and by the eabahty of the cakomel reference electrode Th
laster was tetted n 2 000! \ NaHCO soluuan sganst a commerem! cafome!
reference electrode with an open hqud juncuoa (R 100 RADIOMETELR
Copenhagen  If the cotton wick of the reference electrode was previon!
cquilibrated w th the Licarbomate soluuon, the potenual d fference betueen
the electrodes did not ex ced 2 m\  any change usually being less than | m\
in 12 hours.

The use of pH dectrodes with glars membrana of Jow alkal solubxlity d d
not prevent the dnit of the pCO  clectrode previowly expencnced. As xfore
the dlectrode displayed an imually fost, but later dower daft towards alkahmin
(Fig 5 open arcley; If, however (I7LH paper was ined there was onfv an
Insigufeant daft towards the acd wde Thus Intter drift ded not usually ex eed
1 m\ m 5 hours and was often les than | mV 40 10 bouns (Fig 5 tnangles
1t ded ot matter of the GIZEH paper was aflowed 1 cover the pHl ghus
surface 1 the form of a sheet, or if it was msevted between the Teflon mem
tane and the edge of the pH electmde 1n the form of & nng The acrd dnft
of the pCO, tlectrod caused & tlow  paralle] duplacement of the cal by uon
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turve, Tha duplacement, followed for persods of up to 7 days, vias, bowever
w0 amall that no change 1 senmtmty could be detected (Fig 4)

One type of pH dectrode tested (INGOLD Frankfurt am ‘ain) made
the pCO electrode snfficiently stable without the help of an mericd paper
(Fig 3, closed areles) It was found that the surface of th  yless membrane
of this type of pH clectrode waa slightly porous, with = milky appearsnce.
A change of thn type extending over only a part of the glass membrane and
the edge of the electrode was sufficrent to render the asmembled pCO  electrode

The wpenss tme of & pCO  electrode depends, ameng other things, upon
e biearbonate conemtration and on the thucknew of the gas permesbl
I¥mbrane (Bevyamonacs and Bxanixy 1958) The wse of pH clectrodes of
the present type added anather varishle, the cancamnty of the glas membrane,

thown the rexpame tune obtamed after a twolold moesse i pCO umng the
above-mentiancd porous type of pH electrode with different brearbonate con-
loms and i thickn: If « pH dectrode wth a verv flat
2% membrane was included, the Took was = fast pCO dectrode. Thus,
with 0.0001 N NaHCO and 6 p Teflon, 70 per cont equilbrium was reached
after 67 secomds and 100 per cent afier  bout 25 seconds (Fig 6B In tho
@ thery was  ahght drift towards alkalimry Stabilmaton with GIZEH
Bper prolonged the rospome time so that changes were obtamed which
cqualled those romltmg frum the ordmary type of electrode.
The sensitunty to presrs of the pCO  electtode had 1o be taken mto  coomnt
when the electrode duplayed an alkali dnft- A sudden presurc an the Teflon
mbrang often gave a doplacement of the calibvation curve, mostly to the
acxd pde This offect appeared to be greater the more the dogft had changed
e ongmal pH vahse (f Fig 3) Accordmgly small eflects or no cffects
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at all vrere seen when the present type of pCO  clectrode was wed. Repeated
calibrations durmg the measuremenss on the bram also showed that the steady
prewsure of the dectrode an the tmve even during large respiratory movements
or vigy puk did not mfl the calibravan curve.
The tomperature saasitunty of the pCO  dectrode was mvestigated with the
type of calibration chamber shown m Fig 2 A and with a contmuns gas
flow (6.23 per cent CO ) A stable vahue afier a change m temperature was
not sttened until after about one hour and the ume of ohservation was nsually
prolonged 10 about ane and a half hour at each temperature. Uwmyg 0.001
or (L0001 N NaHCO and GIZEH-paper xmall temperatore effects were
scen. Thus, m the regron between 30 and 42 C. a change of 4 alterrd the
readmg by | mV 1n the alkaline direchion durmg hesting, m the sad dunng
coolmg (Fg 7) Tho means that around 37° C. and at 2 pCO, of 43 mm Hy,
a change m teamperature of one degree changed the pCO, valoe obtamed by
345 mm Hg

The saxrocy of the mexsurements &3 tested with repeated cabibrations with
the same gay muxture or repeated applications of the electrode to the calibratson
chamber wit calenlated accordng to the formula

O‘_g(X 43’2 o - Standard devavon
N—y 1, = mesured value n pm Hg
Y = mean of the j.th group
A &= number of observatsom

All the groups (3) sere supposed 1o belong to the same populaton. The
rerufis were transfprmed mto a cocffcient of variaton (1) by applyng the
formula
! l_lﬂ)a

mean
When alculaied from 37 1n 8 groups, mcduding meature
menis with the les acamate way of temperatare control as well a1 mess-
arements wath mtervals of a couple of bours, 8 coefBrrent of variatian of 16

per cent was obtaned.

B. The hsw mecagemeats
The absolute pCO as measured on the surface of the cerebaal cortex of
the anpeythetred it s milueneed by several factars, the most fmportant of

chich bemg changes m the pulmonary ventilation. As the chief aim of the
tissne memsurcments m the present Invettgaton was to detarmine the repre
ducibility of a pCO walut ohtamed m a given or In different eovtesl fiekds,
the cxpouments were auned out m A steady suate, ¢ 1he ammals were
unally ventilated arufically and kept m moderate ar deep barbiturae
;nmhm&Touduchb:pudliﬁtthﬂltbenrﬁﬁoﬂmpnmnwdxd;:
mthmnwvmpomﬂcfm-mhﬂlryumdsdnmmrm}xnmcl
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Cxpermments were carned out with ightly anesthetrzed, spontancowly breathing
Prepamatons.
After application of the ckeetrode to the cxposed arachmmdal surface of an
arbetrarily chosen cortical ares, an equilibrom was wually obtamed after
36 mm. If x steady state prevailed with regard to respiration, hlood presnure
and hesta, and of temp fin were avorded, the pCO  thus
obtamed vaned very litde for penods of up to hours, and m many cascy the
Varlabons durmg that ume did not cxceed & range of 2 mm Hg
In the majenty of the experments the clectrode was applicd to a cortieal
area, which was cxposed through a drilled hol of alightly greater dumeter
than that of the electrode. Since t was possible that carbon diocxade could be
lost by diffenon from the surface, which mght result n a false equilibaom,
"wacline was in o few expenments applicd around the dectrode in the dnlled
bale. Tha, how ever was found to cause no change m the pCO - valoe previously
recorded. Nor was there any meresse m pCO 1f a gas muxture contaming
carbon dwmde at the same partial presure as that messured was circulated
round the lower cnd of the electrode.
The stability of the valoe of recorded pCO - depended upon & good contact
betneen the dectrode and the twu  If the pressure was too sight when the
wa1 applied so that t intermttently lost s contact with the tuc
turface, & lower and unsabl  -ahre was obtained. The electrode could easily
bowever be apphed m such & way that t romamed m contact with the tosue
e during rel large resperatory without cawsing any dimpling
of the thsue surface. If then, an mereased presure was applied © the tmue
h'%mmwmdmm«u@hgw ~alue obtamed did not
change dymficantly unnl the tmoe purface was dimpled to a depth of about
! mm. In thoe cass slightly higher values were recorded although the cali-
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Fig 5 Cat, Nembutal ancethesia and ariifictal Effert of veme] Infury at the corical
loam, where the pCO mmm ‘middle srprasyh o yyros) open cirdia
denots rendings et 1 mémrte fn the courme of two applicstinns of the chetrode. After
Limbed

3 mimues three amll wperficial yomeb torn wih & mxpal needle,
wu«mmmm‘ﬁmp& (d::tdeh-dg)dmﬂuvt-dhdm

bration curve of the clectrode was not affected In one such expenment the

premure exerted by the clectrode was mensured in grama. It was then found

that the pressare amounted to 3—4 g &t the powt where the pCO value

began to ancremse (Fig 8)

The electrode halder made t posmble to lift the tlectrode from the thsu
surface and, afier allowmg time for partal equilibrium with alr to reapply
1t to the same corucal loews, or to different locl within the same arex. If this
was done repeatedly the pCO  value could wsually be reproduced withm a

of 1 mm Hg The reprodunibility thus tested did not change §f the hiquid

;n’thcmmc-lmrhccwuurd'uﬂymnktdlmylndlhhrmrﬁccwudlm
" wngated with ¢ g Ringer s solution, or of the nwue surface became polluted

by blood from leaking bome vemeb. Tha reproduabil ty was chtaned on

condition that there was no incressed pressure m the braun with bulging in
the bore hole and that the cortical surface was not allowed to dry In tle

Inttrr case, due to exposure to ar durmg banglasting experiments, a decrewsed

reproducibeity was often ob d a3 well as an increased suscepubibity to
tbe premure of the dectrode. A third factor of importance for the comstancy
of the pCO  ‘ahic obtamned was an mtact plal arculation. Thw, 1f the super
fical pral vemels under the electrode were punctured or torn, unstable alues
renulted (Fig 9)

A large one-nded cramotomy with exposure of parts of two adpcent gyn
made 1t pomsible to apply the dectrode to a number of dufferent corucal arcas,
avoiding direct application over the largest superficial vemcls. A respiratony
steady state coald imally be upheld for periods of up to an hour allowing
5 tp 9 measurements m a group The variatiom m the pCO valuar between
th:diﬁamtmud'-pplmum‘mnolgmwrdunlhawrwmimrqnlcd
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sl T Tl

varied wubm  range

11 Nembutal
Fig. Cat,

besed upon the asump that all belonged to th same popu-
lation (sce above) gave & coclBaent of varlaton of 1.3 per cent.
Factors which tended to decrease the reproducibility of the pCO  values
obtaincd dun.., & steady state were superficial hesa during sp
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piration and prok of the ume of cnt, sa cxample of wiuch
8 thown m Fig 11 It is seen that In th case there was x greater varaton
m the values ohtamed (cocfiaent of varl 2.6 per cemt)  The lowest values,

bowever corrtlated pretty well with observed polypooe.

The mfuence of pal vemds was mvestigated by comparmg the pCO
values obtamed dicectly across saperficual arterrer and wens with those ob-
tained m an area without such vemele The poad arteries were fomnd jo have
ne ny inflo wpon the reproducibliity wherems the valoes shtancd
over large vems {diameter Do—) mom) was 1—5 mm hugher than chewhere
on the cortex, Although the pCO  as obtaned over different vens varied
dsrectly wath the dismetes of the vewsel, the values messared over a gpven vem
did not seem to vary more than m an arca void of large vom,

Ddyeussion

The pLO elotrade The way of apembling the pCO, dectrode must depend
upen the 1ype of expertment performed. Thm, the we of GIZEH paper has
the sdvantage that pH clectrodes with ocdmary smooth glass surfaoms can be
wed and that the cancasaty of the pH glass membrane can be reduced without
Tokmg unstabilite The porots type of dretrode, hawever 1w preferable when
rapud changes m pCO are to be recorded.

For ondinary me the 2.001 N MaHCO solution 1 recoramended on account
of the better bntanty 2t lugher carbon diaxrde tensiony than with other by
troms. When & short resporse ume o denrable the 0.000f N solution thould
be chosen. In the latter case the o of 6 x Teflan 1 a further advantage
although the mechanical strength of ¢ 12 g membeoany makey it better wed
for most situatans.

" Two thugy sre difficult o explan  the cawse of the 1educed dnft and the
decrarsed semntnan o proure of the modified dine pCO  electrode. Th
most provable explananon weem o be the followmyg Tn the electrode amange-
ment the lower end of the pH dectrode exerts a slght pressure on the Teflon
membrane A somall volume of brcarbonate solution betueen the Teflon snd
the pH glaxs memnbrane 13 thereby separated from the mam bulk of the soluton
ancp(furnmmwcmmcwoﬁummddxcdgcuﬁbcpﬂtkﬁmd: The
pmdcmodcnmmrmchmgummbc)ndmgmmmamrumur
the mmor bitarbomate coempsrtment. Such changes occur «f carbm dioxtd
&iffises through the Teflon or of actd of banic substances are disal =d from
ﬂ:cpHgi.ns.Irutnrwnlh:lbaxud:m*\tdfmm‘ﬂhndld'pthw
(¢ hawarz 18500 and thn 1 thus the mont probable explanation of the shaline
dnf of the clectrode The present work has shown thar there were two ways
of avording the daft, erther by unng pH electrodes vith a porous glas surfic
or by mmg stablinng GIZEH paper Ths paprr can be amumed to hase
2 twofdld effect, pardy it acts 41 & buffer pastds — by virtuc of it porex —

x.j]ouxmlnunm!ozﬂfﬂncmwlhcmamhﬂdm solutimm, The latter
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effect seerms to be the mast ymportant one xmee a stabilation was obtaned
aho with the poroas type of pH clectrode It can thn be anmmed that both
procedures used for stabilizarfon alfoned the free diffumon of diwohed base
from the minor hicarbowte compartment mio the major one. Frobably thh
excharge did not ocour when there was u firm contact between the mmooth
edge of & pH dectrode and the Teflan.

It seems that the sensitvity of the origmal pCO  dectrode to be the presure
applied to the Teflon membran~ wat due to “anstions in volume of the smaller
Hoxrbonate compartowent. Thus, an unequal distribution of bawe between the
%o compartments would be changed when presaure on the Teflon caused an
exthange of solution between the compartments, Accordingly sn electrode n
which any base dimalved from the pH dlectrode o more umformly distributed
m the whole ecarbonate solatian will be more resatant to pretiure

Tht nmee wearwrments The cerebral cortex must be anumed to be subject ta
the wame phymeo-chemrcal fawy with regard to solubility and hydratroa of
arbon dixde aod dimocstron of carboue seid av other systems in the
organm, 1t fallows from these laws that carbon dadde bemng a gay, oot
€TeTt & certrun premureat sach pomt in the towue and that thus presure hasa
certam local relanon o the hydrogen jan 2nd the becarh
cmcentrana. If the pCO  changes these last mentioned vanables change,
and vice verm. Provided that the relations n the brearbonate-carbome acid
buffer syatemn of the dawue can be expenmennlly danfied, §t i clear thas the
durect determinavon of one of the vanabla menboned can grve  aluable
Iformetan on the acd-busc metabolom of the tiwue proper

Owing to the lack of proper methods, miormatron on the carbon draxide
mctabolnm af the cerehral cortex 13 scanty and mostly drawn from mdirect
#udies. The only varable which hax been studied directh s the total carbon
dioxide contens of smples of tmue ranoved from aaumals whick had peeve
outly been allowed o breathe diffrent concentratom of carbon dioxide
(\zro1s 1938, Trowmox aod Broww 1960) This method nrecaated the
decapitanan of the ammal for a smgle analyms. It was pouible that the pCO
changed benween the time of decsputanon and the nme of analyuy. Bendey
the pH and the bacarbonate copcrntration of the tayue could cnly be caleulated
(Baoorx end Woonsuxy 1938) after a serres of swumpnons covcerming the
actual nmue pCO,, the talubility coefficrent for carban dwamde, and other

[t fa obmiows that & umiform GO does 1ot cxnt m the tur where terman
gradients are built up o the couzhe of diffm . proveses. It o convenent for
Practioal reasons to exprem the diffrent tenuom of a gas 1o a tioue a1 an
average tenuon (Turws 1953, Rery 1900; Accordmgly o useful m quant-
utive mvesgavom, the pCO  value obtamed by » tmwe pOO  dectrode
should ideally auther be identlcal w th o have a constant relatan to the average
tersion in the thwwe proper
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‘The tomue pCO eleetrode obviowly measures the pCO  that exists an the
mrfaccufthcbnm.ThnmmannnotmTy}dmuulm\hthe-mge
tasue pCO of the grey matter 1f a umform average pCO ks agsumed for the
toyue proper 1 & given cortical ares, the firit problem 1o be dealt with
the aseszment of the constancy of the pCO a3 measured en the pla-arachnold
membrine m that ares. The pu-arachnoiden is pot reprosentative of the
acarvely metabolrmg tiwne and further contaus artena and vems, which
Tt have a marked mfluence on the pCO, in therr neighbourhood. Thus,
o placed drrectly across a vem, an dectrode with a dameter of the same goze
a3 that of the vem would measure a value smilar to the venous pCO,. It s
then clear that the rdeal electrode is one that meanres a mean value of all
different teproms on the surface.

If the req for y and reproducibility m meanmng the
soface pCO are mnsfied, the second problem 15 to correlate the pCO a3
measured on the surface of the bram with that of the cortical grey matter
proper A uscful method for ancwng the latter tenyon imphe applicason
of diffasion laws for calculatmg the average trsue tensian (Tasws 1953 1960,
Ketr 1957) Thu method requires mfprmaton on the artcal and vepous
PCO a3 well as on the mriabolic productran of carbon dismide. Foe practical
rooom, measurements of venows pCO  and cortical metabolic rate ean only
be mxde I venows blood, coming from dufferent cortical areas, b wed. Th
fact 11 bound up wth the third problem, that of regwonal differences in pCO
between different cortical areas. It is dear that if such differences exmt between
regiom which contrbute to the common venows pool, the correlation between
phe tune pCO  xnd the surface pCO wll be hard 10 establnt

The present work yielded certam informatwm on the probloms outlmed
above. Finst, the reproducibility obtamed an the same cortical spot shows
that a ressonably comstant pCO  exnts for relatvely bong pernods m a gnen
cortical area provided that th angual 1 kept m a respiratory and arculatory
sieady sone and that certam expermmental tonditioms are fulfilled. These
umdlucmjmrmdmudccﬂudcpfmnmwhhlrmmmmumtd
surface and withont signs of swellmg and, fmally application of the electrod
to xn area which 15 ord of large superfieal e Tt 1 abwo indicated that the
appliation of the clectrode as such does ot wterfere with the measuring
conditsom. Sctond, the fact that the influence of the superfical vesds upen
the value of pCO obtamed 1 confined to the largest vems reduces the fm-
porm)r_coflhumﬂumnnc:v.h:t m an be easily avorded. An attempt
wmmlmzclhmﬂnmtcbymmameu{&edmdzhcdxmdzin—
volves the drawback that the dameter becomes too great in relatin to the
are of the gyt Third, the reproducibility of the pCO n]ucloﬁ:u'ktdiﬂ
1hre srvestigated cortical arcas md that, in the exp 1 (‘!’:
mhﬂmambcloohduponulnthaumﬁ'amorpnnfgc:ﬂﬂ
pCO hm:md-lthnprcvwmlybcmdmamnuddm
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regeml diffcrences in cortical blood flow in the cat (Kemy 1960 which
makes 1t probable that small differences i pCO do m fact exust. Such dif-
ferences, which roay be 30 small that they escape detection w th the proent
method, however are of mmor impoctance for calculations pertaiung to the
aad-base metabollm of the tmue. The reproducibility found seers abwo w
be sufficent for a correlanon between the pCO  recorded an the surface of
the bram and that existing in the twne proper cven if the determrmaton of
the htter involves messurements on cortical hlood dermved from a large
cortical wres.

The sthor u ladebted to Dr Da 10 H. Imrvas for valnable sopport dirmg the counc
of tiy wacly The technical sdstance of Mim Baorr Soeresoy & gratcfully acimow ledged.
The vork was supported by ygrasts from the Medsal F cuby of Lund
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Aspects on the Glucose Metabolism of the
Hypothslamus and the Pitnitary in Goats
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B Axpremox, S. Larmox and F Poccramt
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Abstract
B, S Laxmox and F Poccmans Arpw! sw the glucesr

mwiebotion of the in pethalerms end the pumicry = posts Acts phyrlol scand
1964 57 314324 — With the axd of Clabelled glucose certam

10 45 cr 25 g of tsue per bour of the glucose present i the Incube
non mediam was coaverted 1nto amino acde

The fincims are docused m refation th prenoas brochemcal and phys-
iotogical studkes 06 this subsect.

Dilfarent parts of the hypothalamus have different levels of metabolic
actrvities with respect 10 SP-tumover (Foxwsmno and Laamox 1954 1935%)
In a provious study of the fate of *C-glocose dufferent metabolic activities were
observed In vanous parts of the rabbat brain (Caacy of of 1960 2)

The pracmt investigation was undertaken to study the fate of gererally
!C-hbdlcdghcosempun:cuhrp-muflhchypouuhmmargmu.ﬂr
glucose smetabolizm of the posterror and anterror parts of the pitwtary was
abv sdied.

Abbreraton 7 — smotunine sod GARy

314
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Materials and methods

Genanlly hibefled  C-glucosc was obtamned from the Radsacherical Centr  Amens-
kam, England, The radwoactive maternal was diluted ¢ gl = & specibe sctivitv of 20 4C

v oy

The composlthon of the mediumwa as follows NaCl 0.098 M, KC10 027 M AMg>O
@001 AL, KH,FO 0.0004 M \a,HPO 00173 M and radicactive glucose 0.0036 M —
L6 mC/m>M at pi 7.9 (Crarx of of 1960 b)

Gants of cifferent ages und sexes fed od lbahom wer Killed by decapitabon. The pant
of the bryks, xmxd the Protiary 10 be sadied wern dosecird out 23 quckl a8 posmble
The Lapae of thne when the antmal were killed until the smples were placed in the
Warburg vemcds waa bout 10 mum. The tee tamples were welghed on & tornon balance
o tramferred to 05 ml of chifled incubation medlimn in small Warburg  cwcls of
abeut 4 ml tomal volume. The centre well of th  vessehs contained mmall rolls of flter
Paper woaked with 0 07 ml 30 %, “\aOH for the abworption of resperatory carbon dicade

The fallowmg samples were taken (Fig 1)

1} The perrventrcutar hypothalamysc thewe adjacent to the third ventnd - The mmple

the paraventricular nodleus (1)
2) The ventromedial brypothatamic thwue acludiog the ventromedial hypothalamic

3} Parts of the postenior mttary (3) camésting munly of neurohypophy nal taeuc
Bt mreed 0 tome degree with intermcdiate lobe towc

:l)IPn—ad'd:mmrhpuﬂury
*ome cazes the bodscr od the wore aho tahen
L mammillary [+)] sapraoptic regron

In all the the tue was fly incubated for 60 min at 37 C. The
T Dimge Wi pure oxygen and the axgen wim mesmred cvery 15 m

contmption
The CO0, was determined as deacribed by \ rere  nd Harroeas (1949)
After jacubution, the medimm v Hatd: d to paper

Tphy and the tesue was treated ms dercribed by Coame of of (1960 ) The sobverts for
the were ko the same a1 those used by these mutbors. All hromato-
FLmy were scanned quantitativel by the sutomatee wanming device (Citary o o
19%, Frawx ot ol 1959)

In some cxpenments the imolubl residoe was treated with 0.5 N NaOH for 36 hours
£30* C, and tranderred to platrlets aod counted. In the  ther cxperuments this fraction
wn bydrotysed for 48 hours with 3~ HGI 100 Cm  sealed tabe, the ackd being
Temoved by several re-tmpensiorn m water and dned over KOH. The dned residue

chromatoqraphed

e dimoived od bechmensiooally a1 described by Beroer
Canrx of of. (1959)

scarming, the chroma tograme from the by droh sed mantuble rendue were sprayed
wrih miohy dning in an acetooe sofuthoa (01 w/v)

Rasnlts
The oaygen uptake of the different parts of the hypothalamus and of the
Potlerior and anterlor pitmtary » shown in T ble 1 A and B Very small
Affirences exuted in oxygen uptake between the varows parts of the dienceph
. The oxygen conrmpton of the postenor piwtary was dightly lower
a5d the anterioe pltultary bad an oxygen connmmption which wag still lower than
the bypothalamic aremy. Table I al%o sthows the LCO and C-lactate formatio,
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TalJA Onnm”wrd"okmdfmnﬁjmum e
Anpethalemys and the pixiiorr 1% gout Y

Oxrgmmmwdmcqw:-cd-/lp:rﬁm;n(&m(-n-updm
O =nd ‘C—hu.:-odcqudnpgﬂnmm;rumipnﬁmdlhoewm
Number of experiments grven In prrenthess, Mo valws 2 S E

Poiventr  \cotroced. Sopacpt. Mammillary Pomcrir  Anterior
e bodles

trmog timge pmdmry  peubary

o] RITAl HOIII 363127 32129 30ILIT? WIL2s
a8 1) 4) 5) (o) 9)

oo NSL10 108119 3911 176121 87i16 23£al

(14 (10 (3) ) (10} (L]
Chsaead 123=72 #3843 100468 1250 102 723:+5]1 303=13
ay 1) 3) %) (19) [t])

Table I B. Qupra concmmpivn and 1'CO; productron cxpoesicd a1
U\ por 5 g of tosme (el mL) por howr

T MO 1M CO co

o
Poneor 173 o0 0xy
N entromed. 132 036 o2
Sapraopt. 162 a3s Q20
Mammulteny b 157 038 ax
Pomer pio 133 029 a1
Anser pot. n7 o8 007

Thewe values largely followed the course sinerved for oxygen, except for the
anterror pitu tary whoe oot only abeolutely but abo p ely both thoe
components were low When regarding the  “C' RQ s (Table I B) thurnthe
rauo between the CO produced by the glucose 10 the medinm and the total
oxygen comumed there 5 very btde difference between the vanoos parts of
the hypothalamm and the postenioe piuntary The antersor putmtary however
had a C" RQ which was ery low — 007 The true RQ of the anterior

urtary was found to be abont 0.83-—0 %0
me:q’uznuuuobec;mmolod.;[wmcdbyLbcgiummtbc peubation
medigmaresbown m Table 11 and 11 They amount toabout 10 of theghscose
metabolized m the hy ! and 1 the bypophyis.

mwmlv:flmmaudsfamcdmlnghmhl},ch)whhm

of the xmmo sads

and m the postenor pritary Tbcqnmuuuwdmn‘buuonuc”) ol
formed m the bypothalamus showed certam difference (T4l
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Takie II. Arwns acsd furmation from meabalind giucere 1x diforess parts of goat bppriiaomas
ol i pucierer and amicrier puixitery

Rewis crpremed as pg ghocome conversed per 23 mg [ thwoc (wet wt) after | boot m-
oxbaton ot 57 Cin O fm 0.5 ml medium (ghicow concentration 0.1 § total mdwomctn o
WCper emed) Mean atocs + B.E

Tmoe Alsalne Asmpmric  Giommic GABA  Ghria-  Argmime  Residue  Noool
mimc

= aed epen

menn
P 14401 09201 60407 3503 (203 09:£07 06501 4
VI 13:£03 05401 44106 2605 11402 04201 0301 10
30 1310207401 3810627104 08O 1001 06201 3
QI 12102 14402 614£08 3204 11202 e 022003 3%
P 0710208201 41+03 10+0M 07401 Q7:£02 11202 10
AP 09301 04005 07201 00102 04005 15202 8

:)‘Prnmxﬂmh( VM - dll, 80 = M - Tary bodie.

Pesterior puahary and AP = sotcrior pritary dwoe.

TAl [, The perratuge distributron &f 1C o0 owcne acsds formod by wniformly labelied glacsss

B Afrext perts'of e K pethadammes and tor primiery

The mxe abbrcriatons a1 [n T bk 11 a0 umedt

Theee | Alniae  Aspuric Gloamke  GABA Guuamme  Arglaios
acd =

n 100 65 ay 131 L3 6%
ar 16 T “7 152 10.7 1]
50 126 s 369 162 78 97
st 92 108 469 245 as

Ld ] 100 512 124 as 88
AP 273 121 22 773 121

thew: parts and m the posterior pitutary more ‘C-glutamic acsd was formed
than any of the other muno acids In the antenor pitmtary the amounts of
thome, glutamic acsd and glutamine were abont equal. The farmation of
GABA was lugher both abwlutely and proporticaally in the periventncular
'nd‘muumcm.lmuu(uuimth:mprmptmw)dnn n the mtotany
mples (T ble 1T nd 1II) where anly occanonally traces were found in the
saterdor pitmtary

Glatamm  formation from the glucose in the medium was oheerved | all
the mmples tudied In the anterior pltuitary t takes up a large proportion of
the total aminoacds fnd to be labelled with «C (Table I11)

And wpot on the bud h d d as arginine,
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4
Wle:W({)dm(a}mmWhmq’ pou, in-
lar theoe, dm] tasue, 3 Mary bodies, 4 Anwrsor pititary
Ep. = Epiphysls, ML = Mawm inf Ca ~ Anterfor commbiure, foand pp =

entrculars,

ermcdm,
sntrrioc and posteriar pudiary Cho ~= h PV = Nuckus
\ AL ~ Nodos ventromediate, GLd -w%nmwmam TO f"f:“r.m“q,m

was found In extracts from the varous parts of the hypothalamus and the pitur
tary the perrventricular and supraoptic umues forming the greatest amount
(0.9 and 10 #g) The percentage dutributron of this substance b shown in
Table IIL One other snll not dentified spot on the chramatogram was found
radioactive. It was mostly observed 1n extracts from the periventricular tssuc
\fter incubation of particularly the anterior pituitary but also the ventromedal
parts of the hypothalamus small of *C-prol vay found

The total radsactivity of the ol ble resdue was highest In the amples
from the mrwtary (Fig 1) In the hypothalamic samples studled, the pen

entncular teue had the highest incorporation of *C in tha fraction. Ducto
the relatively low mdicactivity in the imsoluble rasidue no strict quanutative
datn of the protein bound amino aads were obtained, Qualitauvely however
1t seemed a3 1f glutamic acd and alanine 1 ere radsoactive in this fractron both in
samples from the hypothalamus and from the pituitary

Unng the technig d previoanly rad glycogen and olgo-
sncchandes were also found m the catracts from the hypothalamus and the
matuitary Also i this case the antenor p twitary contamed the greatest amount
followed by the posterior pitntary

Discussion
1n x recent study Chiary el (1960 8) found differences in the fate of radio-
actve glucoss mcubated with dilferent parts of the mbbit bmfn, p:lﬂku'-'lﬂ;
1 the dhtribution of certain amuno acids. The hypothalamus drvided into
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tamples were studied and abo the cerebral and cerebellar corna Enough
trune for incubation was not obtained if a further drwection was performed
Imtead, in the present study bralns from goats were used unce thewr larger e
permutted dimection of discrete parts of the hypothalamus. The goat has ho
bem wed in several phymologieal studwes of the hypothalamus ( AxprRasox
ad 1958)
The vales of the oxygen © P of the hypothal. wamples agree
well with those obtawed by CAI cfal. (1960a) and largely w th those found by
Sercneit, (1959) en sheep brain paceer. The oxygen comumption was found
® be highest in the perentricular and ptic tane  histologacally thew
™o party of the hypothalamus ha © much in common. The explanation for
the slightly hugher oxygen values in thee two tamsues a1 compared to the ventro-
medial trmue remaim unknown. However 1t has been found by hutocherucal
#odies that both the p: wular and supracptical nuclei contan more
than surrounding parts of the hypothalamus (ExXxxd 1931)
(-cm-nl]y the amounts of CO and lactic acd formed by the ghocome 1n the
wedium followed the oxygen consumption, This became more evident by
tegardmg the “4C” RQ 5. The only cxception to this was the anterror part of
the putwtary where the *CO " RQ oaly was 007 Romexms and Keries
(1935) studied the cxygen comsumptron and lactic aad formauon 1 hypo-
thalimec and pndtary tsase befoce the administraton of adrenalme or cort
2oe. They found a normal exygen comsumpton which showed very small
differences ameng the vanous parts studied In these expermments, however one
h‘"numdd:nh:nccmrymaccunqmdv:dmobmmnguheu-ucnmph
n the rat beeause of its small bra . In the present expermeents smafl differences
cxnted between the hypotbalamic samples, but the anterior and also the
Postenioe pltuitary had a pgruficantly lower axvgen connumpton. As found by
Coacx ot of (1960 ) mmall quanutes of potamum will mcrease the oYygen
conmmpton in the hypothalamus as well as in the cerebral and corebellar
Mﬂ-]‘hnmmuhﬂngcﬁtdmbnmlﬁcuwuﬁrnohﬂ\tdbymm
ad Dnxow (1935) and Dicxees and Grevirix (1935) The values for the GO,
formation from the glucose of the medinm agrecd well with those obtamed from
the 10 an earber study (CHADY dal. 1960a) where t was shown
Lh‘“hﬂcmmmtdd’nmgm ption in the hypothal
the formation of CO from the medum-ghocose dimmshed. In the cercbral
cortex, homever the CO formation was mcremsed. It thus seemed that the
rddlton of p partly # d the end. of the bypo-
i, In the peesent study as mentoned prevowly ths effect seemed to
be &ill more provoumeed 1 the anterior piturtary where the  C" RQ was
oty 0.07 The true RQ, of the hy pothalamia was approvimately | and even of
frigure for the antersor p tutary was lem (0 85—0.90) oae
Anatill state that the daton was very din ths
mﬂmelﬂxkntywumnmlhcrmdybym—&uudi(lﬂg)
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the glucase metabolsm 1n whole pitwstary of rats had been observed. Here
however thcuucvaluaforlhcanttﬂofpﬁujnryummﬁcdb‘ydlem
tamination of posteriar putustary tasue, Farther Cuan o o, wed a phosphate
nline buffer wathout potamnm which could explain why ther valoes on the

) of endog prod were len than those reported here, where
potanium was used 1a the buffer The mammiliary bodies being an extrahypo-
thalamie mesencephalic trmue had a  €C” R which was hughest of the baues
m:dwdumdruanbkdmorcthebdumno[ﬂrcmmbnlmmﬂwmd)
by Cramv o ol (1960 x)

In the present ext on the hypothal the labelhag of the difiereat
aruno aceds from the glucoie m the incubation medum followed the same gross
pattorn ax that previonly reported (Caamy ##f, 19600, Towrn 1959) Wthin
the hypothalamus ther were certan dintribution differences (Table IF and 111)
These were not big but they were conusient from expenment to expeniment
In thr carier studwa an the rabbit hypothalanmo such varlauons were not
observed (CHam stef 1960a) In the prosent mudy the cbserved duferences
m the dwmnbuton pattern among the amino acds probably depended on the

further d of the hypothal As was discussed by A <ot ol
(1938) vanous parts of the hypothalamus of the gout give different responsa to
electrcal ) Thu, the dial and the perrventriculsr parts of

the hypothalamus have different phynological functons which mught explam
the differences m amno aad dsnbuton. Regarding the eardier results by
Catamn ef ol (3960 a) and the present ones ¢ i evident that the bras o far from s
tuoch 1 vmit. Such a conjs v 1 mare justified 10 view of the carter resuls
shovang that hamger and musty caued profound differenens 1n the levels of
BP twbover and the of phosphoruy & high energy sub

1n xmall adpacent areas of the hypothal n the rat (Fi and Larssox
195¢ 1953,

In all the hypothalumic tsuey stadred glutamic acid was formed in farger
amounts than any other amuno acd. Thiy wes n agreement with the carber
stodies by Cracy ol (19608) and by Tower (1959) A drcusion a3 to the
central potitioe of gutame and in the brain metaboltm duc (ot alnfity to

derg; i 4 ami decarboxylston has been
grven by Az and Rrarrer (1954)

Tbcpmcntcxpu—unmnh-vcxhncmﬁ?mcdcubcrﬁndmglumdeAﬂA
focmaton of the hypothalamus s high (Cnamy el 19602) Of the total amount
ol'nmlnoudd:ﬁ:mmdﬁ‘ocntbcgiucmemlhcmtdxmﬂ%lmkupdnul
ﬂAnnmchypoihuhm:cnmp!a-mmxmmdhrybodm.m;pheuﬂuduf
anatomscal relation to the hypothalamuy, only bad a GABA formation bich
was abour 15 ° of the total amuno acwds formed. Thes amount was more related
0 that foand 1n the cerebral cortex by Criarx sl (19603) It is of interest 10
note that the postersoc patiutary was shle (0 canvert glucose into GABA, wh'le
anly Mym:ad’(humuno;ndmu}dhcbundlutbcmlm
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priany Since the discovery that the Lan brain large t
ol GABA (Roxyxrs ¢f ol. 1950 Romizts and Fraxxer 1950) ths substance ha
recerved much attention. HavAsnt o o (1956) repocted that GABA and
y-amImo- butync acid mhibited convulnons mduced n
dogs by electrreal or chemuen! strmufation The fiterature copcermng the mode
of achon of GABA and i dermvatrees 1 5t i controversal (Pukruna of of 1959
Cramn & o, 1939) The postible rofe of GABA or of refated substances as &
fymaptc tranvmitter has not been proven by any direct experiment. How ever
thare seems to be httle ground for doubt that ths type of rubstances arc of
toine importance for the brain. Certan remules have indicated that the GABA
toatent of the brain varmy nversdy with bram examability (HARKyES and
Kezoxex 1959) Prelimunary expenments have abo shown that certain tras-
quilirery selecurvely will influence the metabol'c level of the hypothalaros,
Partcularly the processes concerned with the GABA-formation (Lasmox 19601
The hugh rate of formation of GABA 1n the hypothalamus found earl er (Caarx
el 1960a) and in the present study could partly be expluned by the findmg
et the total amount of GABA 1 high in the diencephalon (RoszxTs and
Baxrrn 1959)
Glotamine o doscly refated to glatamx aad and GABA. While GABA 13

the decarboxylation product of gl acd, glutamine s the amid of glotamc
acrd. Conuad, ! of gt will be formed [rom the glocose o
e Incubation medium when potasitim 1 present m the substrate (GHADY of &

1960a) Vyithout potemium only traces of ghuamme were formed 1n the hypo-
thalamey whule the cerehral and ccrebellar cortics were sull able 1o produce
teram amounts of the subsrance (CHADY efal. 1960a) Abo n the present study
“h""‘f_"“"-r tammg medium was woed, glutammne
formation was hugh, not only 1n the hypothalamus but aho m the prtaitary
As gluamine b the anude of glutami acrd ooe would amume that & high
hrtanne scwd formation abo should lead to & high glutamine formation, provi-
ded ammonis was available. The mportapce of cotsability of smmonn for
Kutmme formaton has been pownted out by Towsn (1959) In the present
Sxperiments it also teemred 23 the glutamine formavon foliowed ghamamie acd
e exrept In the case of the anteror patustary Here more glutamine ts fmed

incubation than ghramee acd, which could imply 2 luger cxcea to
Ammanm bere Briorr-Gitany o & (1958) did not observe any glummune
formation m total pituitary from the rat, that o glucoss in the medfum con-
Yeried anto gi Ta thelr exp ts, bowever a p free medium
¥ used, which w il prevent or dimnnh the ghotamime formahon in the different
Parts of the brain {CHAre #al. 1960a) In the antcrbor pltuitary the alanine
Production from the glucme in the med um was alo foand to be comparanvely
bigh, expecually when regarding the percentage distribution of the amino ackds.
The high rat of formauon  { alanine and glatamine i the anteror pitultary
Bept of ts comparatreely bow  cxogenous™ actrvity tomlly mrght be expluned
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by the fact that these sk both are of the actuve prnaple
of the anterior pituitary (Lx ot o/, 1938)
In the active peptide pninciples of postenor pltustary hormones, synthessed
hypothalaml ooy, gl e 15 also praent (Dv Vioxzawvo 1955,
BawTiErT et el 1956) In the presentstudy however na particutardy high values
for giutamine were found erther m the hypothalamic or posterior primtan
samples. Slighdy contradictory to the dicumon abhove about glutamine 23
dependent upon the glummtee acsd formation are the obeervatroms discunead by
Towen (1959) that the two substances not necemarily have 1o panalied each
other under certain abnormal conditions of the braun. In the hydrolysed w-
solubile reudur VCglammine was found in all the samples studied.

As mentoned previowly YC-argmine was found after Incubatlon with ¥C-
ghacose oa the chromatograms from extracts of the two parts of the pitmary
xnd from the penventneular and auprsoptic reguoat, wherear tha mibatance
a1 not olserved connstently in extracts from the other party of the hypothal-
amy In the connection 1t &t of wnterest to nate that Rarruson o o. (1931)
and Winzoen of o (1952) have found thet = rifs, esential and non-cmentizl
amino-acids incorporated * C fram glucoes to about the same extent in the brdn.
In the present experiments the appearance of radroactive arginioe wat eo-
countered n the same areas that have neurosecretory activities, Howe {1939}
studied the dutribuban of argune-pontive material sn the pituiary hatochem-
icalty In tho study 1t seemed as if & hstochemical reactzoa for argimme followed
the Jocation of neurctecretory matenal, and as mentroned above, 1n the peosent
study the formavon of angiune from glucose appeared to be focated In the
mame arcas.

/' The aaterror p twtary scemed to have its own metabolic pattern and the most
pronounced differences from the other txsues studsed were the colatively hagt

of rad alanine and gl Further & ¢ Ively

‘Cacuvity in the snsoluble rewdue  vas also found 1n this pert. The amount
of 4C in the “wsoluble [rncucn\uhrgtlvfbundmbcinlhcpmwn—bomd
amuno acsds Bessdes, the mntenar patuitery hugh activites in the fraction were
found 1n the posteror pitwtary and n the periventcular aod supraoptic
parts of the hypothalamin This mught depend upon the peal demandt of
these part 1 bukdmg vp hormonally actrve principlas and newrowccretony
matena! Abn the other parts of the hypothalamuw studied contaned s
HC-activity in the protein frm~uon Tha was m sgreement vath the studies by
Rarrisox et of (1951 and Wiorire o of 1952} They found that when braln
shees were incubated with mdsoact ve gluame or the subrance wa h\l‘“‘:
to anmials there was s raprd formation of Coarmino acwds i the bram, bot

free and protan bound.
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The Effects of Moderate Sleep Deprivation
on the Habitustion

of Aut ic Resp El s

By
T ScroLaNDER
Rererred 29 Norember 1860

Abstract
Scmoraner, T Tie ofacts of modrate shocp deprocctans on the badis-
Nelie of oiomprne rripeuss Acta piywmol acared. 1961 57

Remarkably few phyuiol 1 changes have bee. ved durmg modk
ﬂ@dwm%mdmmmﬂﬂm&hmbyﬁhﬂtm
publithed by Rivmaax (1939) Tvier, Gooowax and Rormux (19
and Bpoaeen (1949) ’d
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Freeuax {1932) m studying porformance found that the efficiency m different
taaks could remam at a normal level for days following serous Joxs of steep
bur that the lar temwon panying the work wa hugher wnder
such aromstances, In an invesugation which #s speally relevant in the
peosent context, Burcu sod Gremen (1958) studled the elactrodermal ve
rpomse (EDR) during s prolanged wakefilnesw of 30 hourw. They included
two different aspecns of the EDR m ther study The reyponse
was memtured  am the mumber of responser per it time which occur dur
o interal stmull, of o subhuninal extersal stmuli not appasent to the
oleerver’  Thes nomspecific EDR ahowed a progresve deprenion with pro-
Jonged wakefulnem. On the other hand the  specific  respomte (measured in
per eent of the arnpliude duriag a contral perod) 1o & mald electric dhack
either became depremed or wnoremsed succemsively during the experiment. The
authorr avumed that the depresson of the specific response was due 1o &
conditen approximatng sleep” whereas the mereae of the response reflected
the lugh amplitudes which they had observed  during deep drowsinew and

-

very light dleep” The d an between “n di Py
and  very light sterp™ n unckesr However at o alio stated, that the inerease
of the resps litudes way ok d 0 an acuve soosl nturtan with

continued asowtal and premure for peformance  Thn » important wfx
mation which indicates that the reyporse pattern might be s umilar phenome-
nos to the above mentoned incease m the musculsr tenwon obmned I
FrErsax (1932) wz. a ceflectson of the ffort to mamntain nommal effickncy
of perfirmance 1 apite of the deep Jon

The most commmt fnding dunng deep depnvatan haa heen a decreare
Af the alpha ecteity of the EEG (Kremuan 1939 Tyisx ot o 1947 Byseax
1949 Arurnotox asd Mimwcx 959 Two different nterpretationt of this
result bave been proposed Tvie of L {1947; found that the decrease of
the alpha activity was Dllowed by an nerease of e faner acuaiy The
suggested that thewe changrs mught be cawsed hy the effort in aaymg awske.
On the other band, Byran w (1949) secorded GEG and pulse mar k!
1o w seraf reaction test. He showed that  delayed acuoik” n the reactod
fest were ugmficantss sswxiated wich decrease of the number of alpha vaves
and of the pubse raic S mila  exults wore oluamed by Amupovox and M

5
%My&—pw b w bermed mduMpﬁMw::
sapiern AT O The comph crwe b 7o brew washable Wrw”i
coviain fmprruant miummaion Bboe  be aperesiat oainorm, e warter of sl

Mwﬁhhﬂmuwﬂc
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2% (1939) dunng an auditory wigilance task. According to thes a thor
the aver-all decresse of the alpha activity b cawsed by deepinens They I
weggeat that possible impairment of performapce may be du t shor pe 1o
of dtep or & conditan lke deep This lapse™ hypotheys 5 v at &
Yet t acems somewhat madequate to docard the nterpretation presen d
by Teies ot ol (¢f Witraases, Lupre and Goooxow 1939 p 22) Thee  tha

that their subgects were hughly motvated to stay awake T d
Mlhﬁwrbclnufl}nEEGrtcbrdthmgdccpmﬂywcremlurd
B the analyps. In thi respect the expenmental approach was different fi
that of Bjrrarm (1949) and of Amumgrox and Mimxacex (1939) Accordung]
¢ xem probable that both the skeepines and the cffort to stay swake ma
decrease the alpha actinty The causal ton would be dependent on
the expenmental canditions.

Mdd-gmpm:mw

In a previon frvestigation (Scorannem 1960 b) ¢ was shown that the
babataation of EDRs and pulse rate responses was delayed when the subject
& preoccumed with a umple sghting device. Ordinanly ths device makes it
Powible for the subject to control hs pouton m relaton to & camera for re
cordings of the pupillary reactions It was asumed that th delay of hab t
mton obtamed was duc to mereased alertnew induced by the preccaupation
with the dyhtmg device.

In the present atudy the use of the pupdisry camera could be expected
1 induce what might be called an  expenmental confict mtuston” It s &
Canmen obgervation that and prolonged rep of a stimnlus
bencs 10 induce a succenively mereaung drowinem, It was swumed that ths
drownnem would be moce pronouanced and appear earlicr after a nrght without
sleep thun under ordmary arcumtancer On the other hand, the above-
Tnponed revnlts bave indscated that the use of the pupllary camers counter
Aty the sucoemive decrease of alertness comsequent upon stimohs  epetiion
hﬂlhaobvm«.uch.n.hembjccu anxloustess” to preserve good pupillary

would be a further mGtement to stay awake,

It has been the am of the present mvestgauon to study the effects of ths
conflict™ between slecpinem and the with to stay aweke oa the habiruaton

of different response The lus values and the
Phasic reypomes of th  electrodermal  ctiity (EDA) the popil and the pube
Tate, av well as the prestimub piration rate were ded duoring mo-

ed auditory C were made between

y rep
the repults obtained after one night of wakefilntys and afier normal sleep
n addinon the puplllary recordings gave an to follow the tend
of the subjects to shnt ther cyes throughout the experiments. It was natar
to aymme that this tendency would bo correlated 1o the degree of shee




328 T MHOLANDER

It was predicted that after sleep deprvation the  conflet between sleepinea
and wuh to stay awake would delay the habituation and merease the leyel
of the phase rexctvity when compared with the results obtaned afier normal
sleep  Previous invesugations have given few clues a3 (o the possible elfects
on the pr Jus valuer. Conseqg ly mn this case no drreetional hypotheses
weere stated,

Methods

I Laberatery ond appasain; The laboratory and apparans used m the present study
have been described i deall ehewbere (Dumewan 1958 Scnortaomes 1960 ) The
electrodermal sctivity (EDA) was recorded aecording to Niciots amd Daxoas (1955)
InubuhngdlcED\-dlhlhatwdm(m:cunhx)ﬂlMAnpmhlm
which employs tatermittent infrared Light (Dumesax, Scrotanpen and Siine 1959)
recorded the puplilary reacbons The camera was coupled | the tmer which instiated
tho sequence of the stimull 1 tabylating the pupillary dets, square mexnre sy toed.
Thb gave a better idea of phasic pupllary merements starting from lange presimutes
puplh than lmear oacasurs (¢ Dunesman and Scaocawnex 1939} In sddipon the
pictures taken when the subyect kept hw cyes sh t could be counted.  The fliim specd
was 5 peciures per second snd the number of pichures talen during each tria) varked
from 18 to 20 However undormuty was schicved by lmitmg the sbove-mentoncd
coupting to the first 13 pectures of ench trial
The pulse and rapragon mics were recorded by meam of poeumographie devicss
(¢ Drmzuax 1953 p 100) The prostimuhn reapauton rat was obtamed by counting
the aumber of cyrdar occurnng within a 20 scc. micrval precedmy each nmmhn,
These vahres were maltipbed by three to yieid respuation rate per minat  The some-
what cumberyome counnng of the pulse waves was abandoned 1n favour of  pxethod
for ob a duireet, ding ( / Scircaanoex 1960 a)

' The mmulus,  white nose  wgnal whth  duration of 01 sec and an wntensity
of 105 db above thrahol], was L b tty throagh besdph

+. Subpcts The subjecty were 12 students, 6 malkey apd 6 females, aged 21 o 77
yeurs. Each subject was present for 35 mun on cach of two day separated by three
dxy mterval. T control as far &y pomnble the mffuence of d umal varations osch
subject returned at the smarc tane of the day

3. Precedwe  The abgerns were draded at random mto two groaps of cqual sire
Jo ove group the frst cxpormnent was undertaken alter one alreplem aaghs (1o e
foltowing called “no theep  condition) and the second epenment after & mht with
oormal gheep (in the Followmg called  control™ condiuan) 1o the otber group the ordet
aof the 20Ny was reversed, first the controd experimment and then 1be  no skep
Wme-mmmmmmanumwlhﬂ
Lbcbnndpmmtmm\iumdtbcnudydlbcmnmdpydmrdv\ﬁ
frlncw on Aueoamic reporss s repented  uditory  trmulaton. They were oid that

routine. They should teep without any bypootcs
and tca o the mommg of the experiment The subjects were told to keep wake drmt

@ be cafied They were ot anly e
1 the fallowing woch pectures closetd-ey ‘:’:nl,m‘mdpwlhl
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the day and night before the other semioco bat apart from this the mstrucuons were
exparimant.

It wa further d oo the part of thr
wbiect wam pecemary to guarantee optimal quality of the pupillary The
wbects were tructed 1o mantaln exmctly the same pontion throughout the whol

Pt xod which was seen through a mmple mghtmg devicr on the camera Tha pant
o the briactions was considered Important in vew of the resutn obamed
i previom Envostigatons (Scrotaoes. 1960 a, b)
Each semuen began with a penod of 5 mm during which the mbect could refax
2 become accomtamed 10 the  pparatos. The fash tobes and the stroboscope of the
pepllary camera make a fatmt chcking sound. To ensure habinsnon to tha sound
e xpreran wae sitched on nad off 13 tomes with 3 t 10 see mtervals befoce 3 coatrol
Shomares were made with the cumers.
Mtlylﬂrrlhnpuﬁodlhamtuaﬂmxnmsﬂ'-hh nobse  stimuli with
v'lrrhgurmdam 20 and 40 sce scoordmy to & sequence uniformly
wpplied to all mibjects durfeg both sestions
¥ Trtment of dais. All comparbom made fn the proent Investigahon wat intrs-
dvdoal T wopldy the trestment of data and @ docresse the rehabdlity of the
values
o

indsces™ Lnt&nmmbm&uﬂ:ﬂnrﬂm
1 the begmming of the scomion were d. First, the
"hwﬂxmmmpmmphmm&hnnm-nwu per
:‘kﬂﬂxmmdmm&uimmmmmmm
obtained value was subtracted from 100 (¢f Scmocaxper 1960

The tadicadn! rocordiags

Before givmg an sccount of the group trends obtained in the present ine
Vefatn, certamn mierestmg obvervations made dunmng the mdrvidual re-
cordingy should be mentioned. In sccordance with the results obtamed In &
The obmervance of teose utractsons was wot controlled but the sabjets weve relled pos
™ do thewr bew In ary case pommble deverproces from the fetructions would work sgalost
O Then hypotheses amd thia possbic source of error w e therciore comiderad 0 ba of misor

D—¢r3015 Acta phydel. scand Vol 51
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Fig | The moxn afucs of the presunutes EDA (upper corves) and the CDR aneplitude (s er
c:‘:.‘;imh,m Lroups of five thals durog the o deep  (XS) and the control (G

prouoin n esugauon (SCHOLANDER 1960 a) the ndivadual records of ai!
varmables showed cormderable fuctustuom. Hownever thaurregulanty was nrore
pronounced dunng the po tleep  than during the control conditon. The
phanc response amplitudes of the EDA and the pupd in particular rred
afier sleep depevauon. High peaks wath amphtudes two or threr times &
great as those obtuned duning the first trual often alternated with abeence of
response The fluciuavons of the phance response amplitudes thowed & tenden
¢} towrds mcrewse during the latier stage of the no sleep  experiment bt
this tendency was not umfurm Morenier the above-mentioned high amplitode
peaks appeased completeh eregularh 1n the different fumctions. Thu a high
LDR amplitude was scldom paralleled by a high pupullary respante amphtude
In general the munber of closedeye  p clurer mercased comiderably
durmg the last 15 tmals of th no ecp”™ expenment (ff p. 14) That
inerease was due mamly to the tendency of many subjects to keep thar 6
closed dunng succemvehy longor penods, In faci, 3 suiyeets wder the 5o
skeep” condivon showed all external sugm of skeep such ay chosed 0% deep
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Takle e, Distribations of intre-indivrdnsd &fivonces 4 meen peystomdas EDA (o wxcremba )
Itz the “ng slerp [ \S) o the comired (C) experiment

XSC  Incresw In condwcr Decrease in onduct  Mean | T P
ance during C. ance during C. diff
>0 =30 —20 —10 0 J0 20 30 40

-1 23 2 13 776 7 } om

Tole i The conts of indioldual ramds computed from Da meon prostoesins EDA doring

Tda I-5  6-10 1—15 16-20 21-25 2-% z‘,’ Bt

N wcance
NS 0 ) 518 375 035 2o He | peoos
c &40 s1s 05 40 %0 260 187 | p <000l

regular beeattung and Jow mwscular teonon. Dunng these slecplike pertods
# srcconlve decrease of the tanicrty wriahles was seen. In adduron the phanc
Teactivaty wually decreased or dmappeared but thr finding was not commnt

Pretals EDA

In Fig 1 fs 1hown a graph of the a erage EDA-data dunng the two ex
Pnimenty. In the opper crves the contimaus knay represent the prestmulis
loeh and the broken lmes the ! por luy levols. Comsequently
u"fq’mampﬁmdcnlhavcmmldmmbcmmmnclmumm
tode data are further ilmtrated 0 the dov o curves. Succoarve groups of
5 tialy are plotted along the base [inc, the corraponding mesn atues of
the skin conductance (m mucromhos) and the conductance change along the
‘atical aog.

A camparison of the curves show  that the everage protmmulur EDA stays
At a higher kevel and declmes bow durog the o sleep” than duning th
cantral condition

To obtain & statistical estrmate of these trends the indn dusl average alves
of the prestimutus EDA during each of the two expennmental sesions were
it computed. Tabl 1 shows the dtriby of th 1t dual dif
ferences between these wverege valuc. However when a VWilcoxon matched
PRn egned-ranks test was applied a slgnificant level was pot reached (T = 17
P>005 tmo-taled)

To test the b i deancy of the prestimulos EDA during each of
the expertments the mean ahzes 10 smeeenn ¢ groups of 3 stmall were computed
aad ranked mira-ndmdually The amms of ranks (Table Tb) decresse con-
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Table He. Distribatn of taira-cadicrusl difrencss EDR amplicedk (e microevat,
bebers et s tlacp (muzumm)m;:- = /

RS- Increase fz mmt Deomase o o 3an T P
dunng C. L3114
—20—13—~1.0—03 0 U3 1.0152025<

nwi g 1224 11 oo o <oms
Tably [Th Tt rwms of indivainal ramls compuied froms the wosm EDR ampliinds dwrmg

swczrirce growps of 5 trials oo the “me dacp (N3] oud tha conirel (C} exparcrent The scsslis
o Friedmez avel)iss spplind to these date

Triad 1~5 816 11~13 16-20 -3 K- I Speit-
O

X3 310 410 23 BO %0 45 (31 p<odd

[ €5 50 413 40 M5 NS T p<dot

tmnally during bath semons. When Friedman two-ay analyses of varanc
by ranky vere applied the control conditton yrelded the highert value of
7 (7 =2587 p 000! vemn ¢ = 1165, p < 005)

Finally “change indiees” (¢f p. 5) were computed fo make grom coin-
pastsons between the habituation trends possible. The intra-ndradual dif
Jerences betwemn the condstons 1n these mdrces yrelded an mngaificant value
A T(T=19 p >005 twotashed)

Thus neither the mean level nor the habutuaton of the presumulu EDA
showed ngmficant differences between the expennmetal semoas.

EDR amphinds
Aoam;nmmofdlccmudcnvtd[randxamgeEDR;mphmdonn
part of Fig 1) reveals that the control curve rarty from & sanet hat higher
imual valuc than the comrsponding  no sleep  curve However the former
thnucktr-culdmnuudumddmmglhcﬁm?ﬂmah“bcmntheh“ﬂ
eepn ot almost the same level troughout the cxpenument.
mnmphmdcdnu“mmmdml}wnmeumndrpmnm}mmt
As predicted 8 Wileozon test applied to the mua-mdndual differences
bcm:cnzhcnmmndm.mlmlhcnmgcLDR.m-pIhudt(’l‘.Nclh)\xid"d
2 ugmbicant value of TAT = 13, p 003 one-ailed)
Tbrmofmhdmtdﬁmmcmnwknuphndndumm”‘“
afsmahut:ho\an-bchb,ﬂmcrmkmmdmﬂxdmm
the £t part of the 1o sleep ctpmmcmbutdmmupmudumd}dunﬂ
the last 15 trials, The tendency was 30 marked that 8 sgnuficant y* valoe w2
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Tabks 11, The swms of indevidacd rks covputed from the froqwency of postine EDRs oo
el prowts of 5 trials ix the “me secp” (NS) owd the comtrel (C) esperimens T rerslis
o Frodman anslyscr appliod to thess date

Tl 1-5 6-16 1115 6-20 1-.5 %% z Sremf
saanc
B @0 40 10 23 415 470 1a4 p<ool
c €3 10 95 =0 s 75 14 |p 003

IVe. Ditripetion of inf a-isficiduel Eifcrences o sesars puplary response ompi twle
(9 wxt) batromt the ‘me slup  (NS) amd the cortred (C) cperiment
B0 Incrensc ko condact  Decresm b conduct  Mean T P
25¢z during C. ance during . T

<—08—06-—04 02002040608«

= 1 1 132 2 1 a49 13 <003

Tais Vi The tmmr of indirdmel resks compmbed from ths mom painllary respunss cmpliindss
vy acreisioe grochs of 5 triols i the “me slak” (V) ond the comiral (C) sxpervment The
RNlis of Frindmen molyas eyl to thew daia

Trm 1-3 &—10 11—1% 16-20 2115 25—30 71 Segarf-
— fenoce
e 450 410 340 ns 63 460 309
¢ 305 s s aa s %0 s&2

obamed when the Friedman-test was appled (# = 1152, p < 005) Durmg
u"“mﬂ'u‘erpmmcntth:mupmdmgnnknmdnwlmm
dectine winch b hoghly mgmicant (7 = 17 72, p < 001) When the differ
e m the habimaton trend between the two sessans was tested by mesns
o change mdwes a Tvaly was obtained (T =10 p < 025
One-tailed)

It may be concluded that the no sleep condinon mduced a higher mean
Jevel and a los pronounced habrtuaton of the EDR amplitude than the
omtrol condition.

Freqwncy of porurree EDRs

The frequency of positive EDRs durmg succeahve groups of 5 trials was
Wed a3 a complementary varabl of the phasic reactivity To make posh!
Cnparmam beteeen the mean Icvels of thn prrameter the total nomber of
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Fig. 7 The mean aloes of the prestsmdus puptflary wies o curves) and the popdlay
amplitede kewer cunies dusrmy vacrms poup of wal duriog the D0 skeP
‘(’3 and the cootrot & cund tony

positnne Tesponses durmg each seyuon was computed. The intra-ndnrdust
dufTerences of these values betw ez scsions e however muguieant (T - 22
p>003 ooe mled)

The snum of ranks dewved f om the frequency of positeve EDRs dunsg
successive groups of 5 trisls “Table 111} show trends somular to thase olast
for the EDR amphiudes. Homever the wuual decreas sud the subsequent
ssscrease of th rxnk wumy durmg the mpbzp"apmmtmnbﬁr oy pre-
nounced and statmucaliv highh ugnsficant (7* = 1844 p -~ 00L During
e cantrod € nditsen a faurhy even habauatin e was obimsed (* 1143
p <005 Th ntra-imdn dual d flereness 0 e clange indren” LEtmers
senrons were pos ugmficant 1 <245 p o003 one waked)

The frequencsy p;nmcrddnrts}m any ugmﬁamdiﬂ'crmzu betweent
the two seswoms. Homener \he rmuual decremse and qubsequent sBerTase of
(s veruble s well mth FDR ampt ude dunng the 20 sdeep  conditron
fs rather notew xthy Evdrnthy th akefuloen snduced & parked wendency
towards hsharuation dunng ¢h Gt part A the exprnment but the
vt folloy ed tn x succeruy 1 caung phauc  cactn ty

1 MEeREITORCTIL A7E 10 SHD The mgcp.-\-nnnu!mpw-ﬂﬂ
m)nmhtwdwxw no sleep thlnd\mn'llb“""’"‘
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prost!
e tw se300ns did Dot reach a sdgniBeant kevel (T ~ 20 p > 005, motaled Ihe

T sangically dgolficant (' = 1001 p> 005 and £ 491 p>0) rowpec
trey). Accordmg to the cluirly sgnificant value of T(T=1., p <005 et led
obamed when  Wilcoton tewt wma to the mra mdnd !

e romber of ftorpolatins of the pupillary data bad to be made during the
Sp condinon due to the doscd-ey  pxturon No mifc conclurom can therrtore
be derhied from the analyns of the present varimble

Pebllary respenss omplstude
The curves of the average pupillary response amplinades (lower curves m
F§ 2) show differences which are in accordance with the predictions, ¢
2 logher Jevel and a Jen pronounced declme of the no seep  curve
Among the intra-ndradual differences between the condions n the
Pepiliary rexpanse amplitud  shown in Table Iva only two were sgainst the
Peedictions. A Wikcoxon test ybelded a highly tgnificant value of T (T =13
P <0025 one tafled) Thus i spite of the fact that the numbcr of zero
ues which bad 1o be recorded doe 10 the  dosed-cye? pretures was greater
dermg the  no sleep™ than dunng the control condinon (¢f p 14) the myerage
Papillary response 1 was still mg ly hegher during the no
‘h‘? &xpermment,
The hatxtoation tendency was slightly more pronounced dunng the control
epriment (Table IVD) but th  mira-mdrvidual differences in the  change
did not reach a significant level (T w 36, p > 003 onc-tailed)

Expany of poutis pupiliory reoctums
The stangtical acalyais of the frequency of pastive popilary reschor did oot yekd
"Ry tgnificmt fotrandrvidual differeneos ™

pplied (o the Intra-mdmdual differencas n the total number of postree papilary
Feactions yirded T = 213 (p > 0.03 Jed) Pracocally no k ol the
¥hhle way obeaised donng the tn condipoas (durmg the “no perment

U thowld be emphanred fhat dirmg the “mo P condipon (¢ Axcrmrvcly mcrceRng
Tember of doscd-eye  plotures made the papiliary recordig diffawlt 1t was sowsetancs
ebamed during

before and after contineom scries of cloerdcys  pactm, operally
the Lant ten trraln. $Whewever wach perbocia weace 11 kerpomble % obxam  valoe o the rrapons
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Fig 3 The mean alues of the presilmalis pubse mt ggpam)mdwben evpowne
amplitode (lower curves) during succemive groaps of five rish dorlog the mo [}
mJﬂlbemu'nl(C)mod;Lb: e
7" ~ 152 and duning the control 7 =030 C ly the

3
wmdividual differences in the change indices  were alwo cicarly mugnificant (T = 36,
p > 0035, onc-tailed)

Prestommlyr pulss vate

A comparnon between the curves derrved from the average prostimulus pube rat
(Fig. 3 upper amrves) reveals that the control curve keeps ¢ & shghtly hagher Jerel
than the “po aleep™ curve There B littke or Do tendency towards habytuaton. In
fact the control curve thows even a alght upward trend.

A Wikcoxon test spplied to the intraandivadual differences m the & wrage prostimubs
pubsc rate yickded T = 32 (p > 005 motalled) The habltuatxan tendency tesied
by mcam of Frsedman analyses abo ysekled clescly iougndicant atucs of 24 (7' =733
during the “no sleep and 3 = $ 06 during the control condivon) Fmally the fntra
Indrrsdual differences i the | change mdices™ brtw cen the exparimmnis werr imbgniSeant
when a Wikaxon text way applicd (T = 36 p > 0.05 two-talled)

Pulw rase mipumm aypls ke sher
The curves of the average raponse amplitudes of the pulse ral m g certas
mmmmm.mnmi)quwhdmm(mcﬁmbmnmnd
duriog the last 5 tmb the oo seep curve s and the other falli. Thus only the
evatrol canditon 3scids & certam tendency towards habruaton of thw nable
At seen 10 the graph the intra-ndnidual differonces in the mean respolise )
of the palse rate did pot reach  smibcant bevel (T = 38, p > 0.05, one-taled)
Furthermore, neriber the 0o sleep  por the control coadsion yxkded “*""r‘:))
of kalotuation (7% ~ 733, p> 005 and 7# - 629 _p > 003 mpean
When & Wikowon fest was  pphed 10 the intra-mdhvadua) differences in &'HM)
tadice™ an imignificant T value was obtaed (T = 23, p > 003, oretd
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nire
por e

i-’-hd::)hm:-m.kep and !
M - - ™ - » nn
Cew o
-
T 5 The mexn owmmber of =
:‘:‘-‘ﬂrhx-tuﬂw m -
© B¢ po glecp  (NY) and che control
cmdition, [ —
D e wn we s An

Fropumcy of panins pels ras pess
hmwm}yﬁuﬁhe&cquydpmmpu\tnmmpm)-ﬂdcdmh
1ood agrecment with those obtamed Sor the amplimde dats, vir. no sigmficant
s indbvaia] dufferences m the total number of poistive rractions (T = 20, p > 0.05,
ae-talled) ar m the *change kndices (T = 26, p > 0 03, anc-taked) The habitation
:hqmmmwmnnzmmm (* =78+ during
*“no sleep  expertment and 70 = 5.9 during the control experiment)

Prechmeis regpirctan ra
Tt #ppears from Flg. 4 that the bovel of the 1 crage prosimnihn resplration e 1
:;"h‘h!bﬂ'dm'h}gl.he“mdtep than during the coatrol condipon. Both corves
¥aghtly and xre almost paralicl yhoat the dicating  tendency
‘warde habrtpation.
When Wileozon trsty were applied to the mirnmdrmdual diference betneen the
8o conditians in the ayerage prostunalis respranoa rat and the “change kndwcrs
kxgraficant valna of T were obamod (T = 2.5 p > 0.03, and T = 22, p > 005
Moapcctivedy)  According to Friedman ansiyscs the babrtuatoo of the varlable was
Fmpuificant hoth during the “no feep  (* = 3.26, p > 0.05) and during the control
periment (4 - 479 p > 0.03)

\"‘"Qf dassdpe” pctoa
In Fig, 5 the mesn numbers of  closcd<ye” pictures dunng succomve
Toupe of 5 trjals have been plotted separately for each of the two experimental
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Tadls Ve Dustribation of intra-indirdne! smber ¢f clesrdon™
mmwwd.,-(M)uwW(‘gm" ¢y

N - Incroes bn pumbee  Deaome (n tomber  Afeag T P
of dosedeye™ of dowde,  Af
pictures during C. pectires during C.
<50 40 —30 2010 O 12 20 50 40 50<

n =12 LI | 1 32 3 m 1% <ofs

Toble T b Tht conts of ordksioal ramks compuicd from b vambers of “cloied-cn™ pactwrs
bﬂmﬁl”d!bﬂuh%ﬁ"{ﬂ)d&rﬂd{@nﬁ“ﬂt
1650lts of Frondmen awelyscs applicd s these datn

Triat 1-5 6~10 -1 {16-20  11-2% {%-3 zi Sigif
cance
03 nm {p<of®

c 333 @ »ao 430 413

N3 30 »0 ns 4“3 445
ns 518 e

sesrone. The curves keep at appraxunately the same fevel during the first
part of the expenments. However from the 13th trua} onward the  no drep™
curve rsey rapidly whereas the conwol curve falls.

} The companson beti cen the total number of closed<ye  pretures durneg
the noalecp and the contmf conditions was besed upon ttra<individual
differences. The dotabution of these differences wahown s Table Vo [tappears
that only two mubsecty had & grester aumber of closed-cye” pictares dunng
the nosleep than dunag the comirol experument. When s Wilcoxon test
was appleed & hughly digruficant value of T was oltamed (T = 7 p < 0025
ane tuled)

It way maumed (¢f p. 3; that the aumber of  closed-eye  pectures would
be correlated wath the degree of slecpent Thea o was natural to stoime
thas the number of such pictres would mrcrease durmyg the “no sleep &
peroment. To tet thes lot mmmmpuan the number of closcdeeye  pieturss
during succesve groups of 3 tnals was recorded The abtaned valucr wre
rnked mira-mdnddually 1o Table Vb the sums of these ranks are sbown.
Iutgrctmmtmxhth:unupondm‘cun'vmﬁg 5 the} sncrease during
the Dcrdtq]"aptﬂmtnLTbﬂmcmuah@hugnlﬁﬁnlul‘wﬂmkd
by mreans of a Fredman anahss (A = 1332, p ~ 0.00) The eorresponding

obtamed durng the control expermment dif pot reach a ugnifeant

decrease
Iovel (g* =~ 318, p > 005
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Discussion

Among the varfables recorded in the present vestigaton oaly the tesponse
tumplitades of EDA snd pupil were mfluenced sngruficanty by leep depn
nton. Both these vanables showed a higher mean leve) dunng e n
d@"hndmmg\hcunuo\mudnm However the most impoitant  hange
h:EDRnnpunﬂcmsthzdchyoflanmuon obtained after aleep lom.
T conclumon can be drawn because marked intra mdmidual differences
*ere obtamed between the mean values of all triaks  -hereas the conespond ng
@ferences between the mean values of the fint 5 taly were clearly nog
ficant (¢f the correspondmg curver m Fig 1) It scems that the hab muaton
of the pupillary resporse amplitode was not affected by the sloep depnvation.
On the other hund it shoald be emphasized that the ly mereaumg
*mber of rero values due to  closed-eye” pretures made a smafe cvaluanon
ch:h‘:]ﬂ]:ﬂnnhcmot'l.l:u:v'lnablcd\.u-mgLhn: no tlecp” expenment prac
teally 1mpossible.
It u sumieresting to note that the sleep deprvation induced a pronounced
d“[‘nﬂufbothEDRpcmm:tmdurmthcﬂrnpunofthccxpcnmcnt
“hereas an increase was secn during the lest 15 tnab. Ths nsmg trend coa
Sded with a marked moresse m the number of closed-eve” pictures. As
Prenomly mentioned such pictares were recorded both durmg ordimany eye
Saks and when the subjects kept th cyes shut during longer penods. Evi
dently these periods were sometimes due to leep-like candinom. Three sabyects
thowed all external ngns of sleep during the last part of the o decp” o
Permnent. Afterwards they admuticd spontancousty that they had been slecp-
g However most of the subjects only reported pronounced scepmaw and
difficulty m keeping awake durmg the 0o aleep” axperument.
Under sach curcumstances it was impostible to decide whether the merexsed
Monber of  cloted-rye” proturcs was camed by pemods of sleep or mmply
m keepng the eyes open for other ressoms. Tn fact there m some
Svidence that discomfort was the most common explanation. Irmtanon of the
7%, for lnytance, was & vl complamt after sleep deprrvanon. Three subjects
“Ppeared to fall mleep dunng the “no slecp  expermment, and all showed
tome kind ay respame decrement during the sleep-like penods. Ths 1 &
anllar response pettern to the onc observed by Burca and Gaxrern (1958)
durmg & eonditon  pprommatmg seep” Th t i reasonsble to swume
4t an increasc of the nomber of  dowd-eye” puctores du o perods of slerp
thb&nﬂwwcdby-dmdtbtrwnmpﬁmdnmﬂm
toatrary i the present mvestgation most subgects showed s increase o the
All the nirytndrvadual differences between the tw scssboos derrved From the tonkdity amables
e imymificant A possble pomtive relationgh betwern tar roaponse amplitedes and the
SotTesponding  presimohe valas (¢ Bcmotanper 1960 a, 191 b) s therelore of m
feeporianey m the present ke
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EDR amplindes donng the Iat 15 tnals of the o0 Meep” experiment. Tha
W\\nmmlyducmhghnmphmmhmmblmgmmdmrd
by Burca and Geeras {1938) durmg deep drowuness aod very bight sleep®
h(mthcmmnﬁeqmncyd’pmnhtwmdurmgmmwgmup‘of
five traly aho incressed.

Accoriding to the premine, both the delayved halatuation of the LDR
amphitnde and the ineressed mean level of the pupiliary respome amphitode
sfter sleep depeivavon might be explamed by the confhct between & succey
sively increasing deepmen and s with to stay awake. Buran and Greoax
(1958} obtained w progr m the EDR amplitude durmg aumiler
expenmental condrbons, 1. ¢ fack of sleep combined with  eontinued presmre
for performance”™ The aotbens related thi seporse pattern to what they
catled &  cortical refeare” Thi concept m vague and misleading  Lowex
stesY and Losweario (1832) fund (hat habutmatkm of the pupiliary hght
reflex during monotonously repeated ight stunuh peogresed m & pecular
rhythrscal way  After an even deorement during the firn 6 stimubs the re
rpowse ampluudes began to aliernete m ¥ wive like manner The ampluudes
of these waves progremrvely mereased. They were more promounced o the
subject a5 tred st the begminmg of the expessment. It was suggested (hat
the monotonows repetition of the light stmuhs mduced semaam of fatgue
which n a feed-back boop ere comieracted by eemtrally evoked sympa
thetc mapulses,

It has been pomnted out that the brasn stem retcular fosmation plavs as
Important role m the fubrtuavon mecharsvm (Ssagrien and Jasrex 1936,
Casrzs Lncur and Grutes 1958) Inarecan survey (Scuorasoe 19612}
1 was suggested that the course of & halsruation process o at amy moment
dependent on the num of oxtrancoan acuiating, verrus minbitmg tmpubes
rireamung mto the bram stem  ctcular formavon from other centres o the
cemtral nervous svstem as well as from the o fleren extero- and endoceptors”
Thus «f & hvpatdess ought be put forward concermung the neurophy nalogieal
background of th lugh serponse ampl tde peaks observed m the praest
mvesuganon { could be as fllows The secemnely mereawd seepom
mduced by the exp § feed hack toopr bet ven the
Yram sicm reticuly formaton and on Ahe one hand, haghts nervoo coent
and, on the other hand ifferent per pheral wonsory mechamums. These o
pulses would delav halsiuavon and the sleepinen mnduced by thi proces.
Tt = someubat purzlng to find that the resporse ampl tude peaks schlom
appeared ssultancouly m the different variables (¢f p. &) However itn

difficult to eompare mOmENtAN  eacuons chated in different cffecior
Booma 1259 P

shwayny
syitems by a specified mumuluvs of Dusesus 199 po 60,
219 Scoravver 161z p 13} e

1t should be enmplianzed that at feast one criucal experiment mmnt be
hefore the interps h 1 the g of the present sovestgation
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an be defimtely wccepted. The results would probably have been quite
different if the yubjects had been completely relaxed wathout amy — pressure
fx performance” Under such arcunsstances the combmanon of the seep
deprrvation and the y of the £ 1 mught increae
the tendency towards both sleep and habituation of the vanables as rpposed
™ the rults obtaied after nocmal sleep. However most expermmental situ-
0o imvolve soic  pressure for performance It s suggested that the mstru
foen are of eritreal fmportance foc the effcets of slecp deprivation on ph n
odkgeal varmbles. If no care is taken 10 pr either complete rel

@ flxts to stay awakc some indnaduzls would probably show d
reactiity and delayed babituation. Others would exhibut decreased reactn ty
ad an incressed tendency towards both habatuation and siecp. Fnally &
thad category would be cxpected to al between these resp pattam.
Inadequate toatructions may be ooe of the reasoms why many previous in-
Talimatons have failed to find amy clear physiologrcal changes after sleep
lon (of revicws publshed by Kremuan (1939) Tyiex, Gooosaxand Roviax
(1347) and Breacex (1949)) Furthermore 1t 13 evident that monotony and
prolonged experiments may potentiate the effects of slocp depraton. It can
be mentioned that amang a wide variety of paych logscal tats Wmxraos
(1958) found that only two were signifb npaired after a wakeful
%620 hours. Both these tests dved a pro 1 repetition
8 sinmple performance task. Tt was abo thown that the declme of efficsency

@ochuded that  the lew predictable the sleep-lem operator finds the tuk
Mmatlon and the greater the penalty he wifers for faifing to predict it sccu-
Tatly the lew lkely s his eficiency 1 fall below normal leves™
Ontq\mm\hxhahommstobemﬂvdh“hcthathcprmt
faalt ould have been smilar if the penod of sleep deprivabon had been
Proloaged Under such arcumstanees the canflict between sleepmen and wish
© May awake ooght to merease The effects upon the recorded ariabley
“ould then be more pronounced. Obviowly there are great mter and ntra
dividual differences wath regard to mlerance of lack of sleep. Above a critical
mt the rubgects would be umabl to withstand the sleepmens mduced by
present apenmental utuanon. The effects upoa the recorded variablex
Zught then be contrary to those obtamed 1n the present
It has been & common clinical ohservation that slerpines sud fatigue If

dﬁctncngmuhhlykwctpcﬂmcnuld.n the bha e
been poblithed. The observatom made by Faresax (1932) mdcate that
the efforts to keep awake may be d by i d termon,

12 the present study it bas been shown that changes 1n autoomic respocs
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cloments may also cocor However there 1 need of further expasimentavon
m thos field Many problemy such as thowe menuoned sbove reram o be
further elocdated,

Tha work wat wepperied by grents frot the Medieal Feeulty of the Unbvenhy of Uppaals
and the Syries Thined Foundation S Prychiatie Roveasch,
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From the Laborasones of A mtion s0d \a al \fedscine Department | g
Karolinka Lnsdtutet, Stockhotm, Swedrn

Percataneous Puncture of the Rudial Artery with a
Muld-Purpose Teflon Catheter for Indwelling Use

B
Per-Oror Baxm
Recchad 1 Decomber 1960

Abstract

other
ofgam, are reported and discussed, espectally w th regard 1o the pref-
erentlal chobco of the raduat artery for anenal puncrora,

Thres dfferent methods are currently 2pplied for percutaneous insertion of

6t Cathetors mto blood remsels or other trucy, all of them usimg the princple
o adstituttng a catheter for the bypodermic needie, which b required for the
Penetration of skin and thue (1) Introduction of a catheter through the lumen
o the needle (Frrzratrick, Scuxaser and Prremsoy 1949 Prmcx 1931
Gtz 1956) (2) smultancous insertion of & catheter and the needle, the
teodle having previously been pushed into the catheter for support and it
Protruding (yp being wscd for pumctuning (Mama o o, 1950 Szioerors 1937)
tnd (3) threading a catheter over a flexible kesder the leader having previously
bem pruabed fnto place throgh the lumen of th hypodermic needle (SELIxoEx
1953 Bratin o ol 1954)

While the radial rtery 1 i many imstar ces the el of choce for samp!’
o arteria] blood and mtravascular blood presare measurements, g
Prascturmyg of deeper arteries may cause dangerous hematoma, noae of
Qheter combmavom prevouly docrdbed have proved practical £
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this vemel. However after extennve expenmentation with plastic tubingy of
different kinds and dunenuons it was found that by unng the method of Masta
ot al. (1930 sce above) in comlnnation with thin-walled tubing of Teflon, the
radial artery may co tly be cath with a mini; of trauma,
While the instrument to be descnbed was primarily desgned foe this artery 1t
bas proved cqually useful for other wuperfical blood vesels.

Constructional Detalls
The imtrument (Fig 1) conusts of three main parts 1) the catheter 2) the
cap and screv  adapter with topeock, and 8) the punctunng hypoderme

needle
1) The catheter 1 made of a 30—60 mm long preee of Teflon tubung? (inaer

di 0 80 mm, outer-d 105 mm) Onc end of the catheter s heat
moulded into 2 flange the other end (up of entheter) being cut ofT square and
trimmed

2) The adapter simuar to the metal cap and screw  types that are com-
meraally available for polyethylene tubing, i made of Teflon and incorporate
a stopcock of the mme materal To prevent alipmng of the catheter the
shaped seat insde the cap b remnforced by & metal bushing The flange of the
catheter acting a1 1ts own gasket holates the metal reinforeement from the
lumen of the catheter-adapter

3) The punctuning needle is a standard hypodermic necdle (short-bevel
with a Jength of 80—100 mm and an outer-diameter of 0.8 mm.

pomt)
mewﬂmmmmumxmm&mhdm.m
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Tuckrqw fur Percasencens Fuscrtien wate the Radial drtery

The equpment 11 amcmbled by attaching the catheter o the adapter a d
P‘ﬁmﬂhtnccdlcthuxghthzlmufzbcuzbnazdapm The acedle m at
&m0 the tubang 30 that 1t may be gently advanced under rotanon The « p
e rreel noedle should protrude 23 mm out of the trrmmed front end of t e

Saﬂﬂmnonunpm’mb!ybcdon:lnlhememblcdmtcbybmhm; drv
hm!ﬂ’lmu:hung The iostrument b inscrted mto the artery under
=iliraton anestheta (for venows punctares anetheua B ot requred  In
order 0 ficllitate the localizanon of the radial artery the peretraton of the
da1’lndnor:ducethcldcncyofsputzcconu—nmocso{;bc“ssd,muccum
menderd to bmrerye the wrmt and hand i water of 48—50 G for 5—10 mn
before the mertion. Care should be taken that the anesthenc
.’“’m‘lmmmmmd,ﬂnc:!bcbypcrmngmdymmlbenlcof
morpton and the mk of tome cffects,
Simce the dia of the p 1ng segment by oaly 025 mm
¥ the tp of the Teflon catheter very light extra premure 1 needed after the
Protrudmy necdle tp has been introdoced, While the escape of blood from the
secdle incheates that the needle tip s mude the venel, the slipping-lo of the
Aeter tip i ot always felt by the op Itnth r ded to
m&nccdhnfcwmﬂﬁmmfmhalnwzh:vmdtomahmlhl
'htﬂﬂictcruphnmtmd.\cn,thcncﬂilchlrp(mmry while the
Gtheter by applying preware on the adapter 1 did along the needle further
1220 the vemel (Baxx and Soria 1960) Tt m csmential that the meedle 1 5ot palled
2ut uatll the catbreter i well 1 the -emel. On removal of the peedie, blood purts
from the adtaprer and the stopeock mry ow be closed and reopened as pesded
“']:mnmmw-mguxumctctlhcnmcpnammubcobuwd
33 when kng hypodermic needles for anterial panctures. Thus, immediately
e the withdramal of the catheter local prossure should be pplied first
Manually for 510 mm, then by means of a presmre bandage for 3—4 hours

(or more i the subjert has been given ) Excenrve
of the wriss should be avaided i the followrnyg day
Results
The needle Teflon catheter b ks been dully wed tn th

Baboratory for almost 2 years in about 200 punctures. Of the insertions per
Formed, about 50 s were made into the radial artery and the rest on various
Penipberal artenics and velm. Of a total of over 75 subjects, most of them
Young bealthy stidents, 50m  have had the same radl artery punctured 8—12
fimer. Scvoral subjects have had eatheters in both radsl arterres on the same
occanon.

TI_413015 dcta physiel scund. Vol $1
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Smce the apening cut in the artery n anall and effective loral presure
can cauly be applied after removal of the catheter Do senous complicatians
have occurred In mamy instances artenal blood was drawn continuowly
from the catheter directly into & glan-reference-electrode asembly for cos-
turuows analyws of arterial blood pH For these measurements heparine had 10
be grven intravenowly m order t0 avoud clottng in the apparatus (100— 130
mg Hepana Vitrum) In & few of thae experments, after which the subjeet
had removed the bandage agmnst instructians or vigorouwly moved hls wnst
before the heparme action had expired, moderate hematoma develaped cannng
shght dscomfort for 2—3 days. None of these subjects needed therapy Perms-
nent after—cffects have not been observed.

If handled with care, the tame needle, catheter and adapter may after
th gh <l g, be re- bled, sterilized, and wed repestedly However
1t 13 mandatory that the needle 1s free from the slightest barb and that the dp
of the catheter 1 checked for acodental deformation

Discassion
The samphing of artenal blood B unperative 1n sny phynologxcal or clinlesl
laboratory where mvestigauons aum at pl luation of pul Y g

exchange. Such smampling, as well as wtraarterial pressurc measurerents,
require artermal punctures when performed 1n bumanps The present method
“was developed to clmmimate some of the major difficultses and risks currently

olved 1n this procedure Speafically & method was needed that could be
salely employed for arterl puncture cven in gubjects treated with antcoag-
" ulants.

As to the site of the puncture, the radsal artery was preferred mamly becaose
the nsks for acodental obstruction of blood supply t© the band are mmbmal,
the collateral arculation being (ef Ravsen 1947) The ease with
which effective presure may be applied over the site of the pancture to cosn
teract any tendency to hematoma 1t decinve for the cholee of thus artery when
anticoagulants have been given 10 the subject. " for

There should be no need to e the ad of soft
indwelling use in arteral puncturex. However zhcm:dlodldﬂagncdru;:;'d
cutaneous meertron of flexible cathetor into vomels (see above) were not
sutable for the radil artery ather because the destred catheter lumen qumcr
2 dispropartionately big hole in the vesel »:;J or becausc the needlecx

biaation could not essily be heat-sterilin
O Whie the mstrment of Masa of sl (1950) exbibats the above-mentoncd

dnwbuch,ﬂ)ﬂmclhodmhtrwueoﬁmlmondgg:mnluuantoth‘;‘p'ou@-
A search among vanous plastics (Baxx and Sora 1950) showed lﬂ:m”‘"
arbuum:ghlbcuseduud-ctcrmnmalmchmlmwlhcdﬂd"

mentaned.
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Mechaweally Teflon tubing proved excellent for use with the relatvely
narow radual artery nnce the thickness of the materul could be reduced by
m’clblnwpcrc:nt‘dmcmbmgnﬂlrmnﬁuglmfﬁmmt:ucnphmfoﬂuw
the peedle tip through the skin, thsues and arterial sall dthout becoming
defoemend. The Jow coefiamt of fnction is another ad =ntage of this matenal
when 1sed for introduction mto toesues by the present procedure, Furthermore
the tuburg shows Lttle tendency to kinking until the radis of bending becomes
lew than aboat 6 mm.,

Chenmeally Teflon f1 the most inert plaste and the one least apt to cause
tie reaction (Le VEry and Bansznio 1949 Hamnsox 1 of 1957) Smet the
wettahility of Teflon {x practicalty nil tho plastic 11 Jew prane to induce clotilog
than mout other materiaks.

Finafly the thermal stabuity of Tefloa allows sterilzation of the enure cathe
ter amembly by bauhng or dry-heauing up to 2007 C, whereby fection due
inperfect  sterilization by germicide, geperally wed for las heatreustant
plastics, can be avolded

Een o the prosent peedleTeflon catheter combination was primarily
dexgned for the radial artery t kas proved eqeally wseful and convenrent
far otber superfical arteries and verns, and should alwo be sultable for the per
cutaneows puncture of organs other than Blood venels,
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Improved Technigue for the Fluorimetric Estimation
of Catecholamines

By
U S vox Eviex and P Lomagro
Recetved 1 December 1960

Abstract

Eoirm, U S. v and F Lmtageo. Imprwed ickeigne for the finerr
wmetric extomaiien ¢f crtschelommr. Acts phydol, sand 1961 5/ 33—
356, — By the addrtion of rmall amounts of cthyleno dismmes (EDA)
to th alimli-wscorbic ackd mixtore msed m the uibydraxyindal
method the discoloration of reaction murture and fnatabillty of fuores-

wed for atimston of eatecholamines in wme snd organ cdracty
doscribed. The Importance of the acidity for the relessc of aatechal-
ammes from confugatcs 1o unne t room temperaturs i emphaszed.

Adrenaline and noradrenaline can be conventently and sccurately [

mated 10 tmall amounts by fluormetric technique unng the
(THI) method of Exritx (1948) and Luwn (1919) \\:rncnmmnghl
dally after transformat

mixture the two amme can be determined d! !
to Jutmes, by the use of o filter sets (Priar and Pricz 1957 Cowﬂm
Gorpexerac 1957 Eurrea and LisnaTko 1959) ot by usng spectr Jocan.
metne technique (Bexrrex, Cancsox and Roseworex 1958 \expeALL
Suwmum&mclumhmmwmdmdw-dd(mj
1948, Luwp 1949) Tt 1 observed however t}nuh:mmumoflmh‘m
and strong alkal tends 10 age mapidly forming mm‘f:d:d*
chmg:is-ccunpani:dby-nhwinlhcbhnk\ﬂmwd. (hhmrf‘u:‘
cnnrhuom,ldcu'ﬂ.\col'd\cnztﬂnon:cmrcdmdmafm

.-an
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mdmphwmbem:demthmnmhmﬁy;h«tpawdaﬁazbemm
hbmmnudmguhmanmmmcdwbkhh:\fﬁwm}ybw\

through an alomon column and euted acetic sord,
Wﬁmbrmxmduhmmmmmmdcm the effect of
addinon of cortain compounds oo the uabiliy of the reagent mixture and
of the lutines formed from adrenaline and novadrenaline.

Experimental

1 Stebil oatwem of reepent Manks

Spoatancons sppearance of a reddoh ot usually oceurs an the alkab
sscortie acsd mibstire after xxne 710 mm and develops further in the coune
of 1/2 bour During the sme tune, the futially dight Suorescence increases
1 the allalrgscorbic acid mixture, rapudly durng the int 510 min and
then more dowly resching x maxanum in 1530 min afier which 1t remalng
wnchanged over 46 hours. Thas merease 10 fluorescence s snall for flter set
A accordmy to Corea and Gororxswo (1937) coansting of primary mter
ference Siter 385415 myx wod secondary filter Iiford Bright 623 pak msme
reassdon 490 mpx, but s ble for fiiter set B, g of prxmary inter
ference filter 435 ma and secondsry filter Corming 3406 wrth peak tranmy-
muwacn. 540 mp. On addition of potassum Serricyandde the development of
the £ u markedly enh i, particubasly for flter set B

It has been cbecrved, bowever (F L.} thar the inerease m Suorescence ss
swougly mbibited by sddition of small amoann of cthvlene damme (EDA)
10 the alkaliascorixe ackd muxture. No change of foorocencs with tume was
cbsenved by adduion of ferncyamde w0 alkals alone of to axorbie sod slone
Both fervicvands and EDA aaused, honever a shight but comtant morense
m the blank Sgures.

By addinon of ethylene dummine the development of the od coloor 1 the

afkab-escorkac acrd muxture was alo postpoced so that a shght reddnh unt
was obwerved ooly afier 54 hours,

Efect of ED 4 o faererconcs of Maaks wath stenderd sobuisons of sdrenaton
ot oy adrenmline

Faded blaoks wer  prepmred by adding to 3 ml of the samples, contasmng
0.5 wyg of adrruabos of novadsensbine, 0 1wl 0.25 per cent potapmmn ferre
cyanxie and 2 7 mt 20 per cent sodiom Bvdroode After $ mam 0.3 wl 2 per
cent ascorbxe aed was xddod

Non-faded blanks mere obtained by sddinon of 3 mi alkabascorbee aad
tooxture — O 1 mi 023 par eent potaation forwevanude to 3 mi of the ssmple

% 0.5 wg of ad or drenal dard  espectvely

Without addison of EDA the fluocescence of both the faded and the noa-
fadedt blanks w th ad L 2 well o - b d, for Sltey,

>t AT about 50 per cent and for flter et B by wx toch a6 ey m 60
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Table I Flwrsores (sl dicinens) of Mawts witk stenderd sadutios
Faled ol wn-foded ks wilh oud zlthont ED A ¥ Aed A

Suadarg Blank 35 min 25 o £ i
A 'B A B A ]

Noradr 03)g  Faded 15 20 15 12 s s
» Faded + EDA 2 s b PRI

Y o-laded 30 17 45 12 54

> “o-feded + EDA - A3 28 13 23 25 P

Adr 036g  Faded 19 10 1 137 o
Faded + EDA. 22 17 12 PrAr

\oo-faded 12 P N TT BT I 1

Noofeded - EDA 18 4 19 40 40 4

When 0.2 ml EDA were added to 10 m] alkali-ascorbsc acd moxture no o
erease 1p the sample blanks was obsarved over 2 perod of 60 min (Tabke 1)

Adrenafine and noradrenafine standard blanks prepared each bous over #
hours with the same alkalrascorbic acd moxture to which EDA had bees
added (2.5 100; showed no increase in the floorescence valoes.

The munmum amounts of EDA required to prevent the development o
tbcmdodourmtbcmﬂ:wmmmr.nndloheptbcruxm‘lﬂd‘m?*
blxnks low were found to be about 0.2 ml per 10 ml alkali-ascorbic s0d m*
ture. Addibon of 003—0 1 ml EDA to 10 ml had a marked alibowsh 200
complete protectrve actran. while 0.01 ml was clearly mafBoest, Soct 2
advantage was observed by usmyg hugher amounts of EDA, wheh 03 &
contrany 1ended to dh h the readmgs, the addivon of 02 mi EDA o7
10 m) alkah ascorinc acd wlubon was wsed as standard
bemg muxed with the alkali before addrtion of the ascorbie acxd.

Effect of EDA cn fixerescenct of siandard solatioms of adronaline end

The net fluorescence alues of standand salutions of
adrenaline after tanformaton to the tutmes
ascorbie a0d moxrare were well mamned for 1 bour with and
(Tabke 11, and thereafier dechined slowy

As seen m the tble the net fBoarescence valua for
mx-kndlyhlghﬁﬂmnﬁmonmlumummmdenth
;adlonhxdiE.D-\hadbcm-dded.Thnoaanﬂﬂmlrlh'
rad solunon centuning }j).—\-u4bonno1d_Tbew\ﬂr'
for adrenaline did not change bonever afer addivon of
4172 hopns wrh the ample alrucnnlmnpa‘lnn’!lnd‘;_r
a;xnmar-&hnbcdmc“ul:nthmlﬂpﬂm'«o
dmdeaWSmmxmlhﬂwvﬂ
sct B whetber or not EDA was added.
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Table 1T Blasks (B.) -{m,ﬁum-v{;\dﬂ/d‘ldm/mdmda(ﬂ}! £ end
-M(O.U)MA&M olens o wih EDA prigered

& (o 0 Asafoded Nanks, Fter scis A ond B
Adrenalive Norudreraline
n Net FL +LDA »n Net FL 4+ EDA
BL et FL mn et AL
hh{& s 30 nz2 LX) 232 22 21
B 18 n2 22 n3 40 pIT 4 1
sum{& 40 fo 32 i 47 24 18 0»
3 10 N4 23 us 29 252 22 6

The sabilzing effect of EDA was observed in the mme way with 3 ml
mmples of & solution of 8 m! N HQ + 2 ml 1 M Na-acetate buffer pH 6 4
aod containing 2 pg noradrenalme, The wolution corresponds to the cluate
:rmnndrmm h rennt 1n the tech described by Brariex & &f

938)

Elwtes from wrine and_from orgen extracts afir adsorplsom ox alxmica

Normal urine was adsorbed on an glumms colunm and  luted according
10 the technique of Futes and Lusiajxo (1953) Fig | shows the flusrexence
valuet for blanks and the met values for samples with 3 ml cluste and 3 ml
alali-ascorbic aesd, with and without EDA. It can be seen 10 the figure that
the net fluorescence valaes are moderately mcreased after  ddition of EDA,
% In the case of poradrenaline standard. W thout the add ton of EDA the
et fluorescence gradually declmes over a 1 1/2 hour perfod, while no ruch
dectease i obeerved afier addinon of EDA

A number of tats were mad with alimuna dustes from tnchloracetc ackd
EXtract: of heart, splecn and bver of guines pug In all instance the Quores.
cence figures in amples and blanks were constant over a period of 1 hour
*hen EDA was added to th alkaleascorbrn acd muxnre

Stedring fect of sther camponds

The marked stabilirmg effect of EDA oo the developmant of fuoresience
In the reagent musture wied In the THT method mad 1t ppear of jnteret
ﬂ)rndythgmoflomrth!dmpuumﬁml)mmp&lﬂtﬁﬂhlk
compounds were wated propy durnune, p ylene diamune, metl y!
amune, cthylamne, sodium sulphid hyd_rmyhmu)c"]ulh)on_
Propylendiamune added to & coocentration of 20 mg/ml o tle  Jkalr
scorbnc aced muxture and hydroxylamine 0 10 3 myml offered afmost &*
;md-p.-ommuahylmcdhmmelnureumcmmumwi
the other P ® ‘-"‘.,clnudmny,yﬂd,u




omddmlm‘umnndmmtmmdbhnkwﬂmhmcdlbﬂxppﬂmﬂ
to offer advantages when compared vath ethylene dumine, bowever

thcmmtd.lhl»nmhcnnﬂmmwb{cblndwhcudd
nmpkinordcrmoh;inmxnmﬂfa—m:mnd’luunudepcndcd
w]umcd'th:nmp!ﬂ-Thmnmrmmﬂldﬂj
4/umplclmluflhe.1hﬁwbwwnhou}dbc:ddcdmudcrwdm
maximal fluorescence.
In!thtumtmdymﬂartwlmea-ﬁnmtd'h’iLhEDA
alkali-zscorbne acd mmxture.
Sampl:mlumuofo.s—sm]d'unn:dmmmmdlndl
of alkali-ascorbic acid coatuning EDA for optums! ﬁmu::ﬂﬁ
Inurddmmchm;nmﬂnuﬂmocnmromddn!

}cs!thmpmporbonll\‘bmumpuedwimlhcraulufﬂfl
not 'blctoobinnunlp-p-mnmlldy
‘tulum:l]nntofmmlwtm5mldmt:muxd-}'ort}ui

mmdcdlhltlhcwﬂumcc‘thcdmmmcdshouk‘m“—

pro qddxﬂmmw}nﬂmﬁmﬂdﬂ?md‘h
Zmlumlﬂeofmd\nnmaclunwcmmmn
of the maxmum with
mdgmlmpccuvdyohhc;[hﬂ-a;wrh:-ad—wl‘\
\\1thﬁh:r:ctBth:mapoodmgﬂgmm70.ﬂ'97
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The amount of smcorble acxd necemary to give optimal fluocescence was
lmlﬁlipcrcmlloluﬂoniuDmJ?DpdccntMOHIO\\hmhﬂimlEﬂA
had been added.

Ouxidetion tome

Although 2 mun were an sdeqoate oxid trme for standards st was found
that arine cluates required 3 mm axidanen tune in order to give optamal
foorescence valust n several test serier. Fartber increme in oxidation time
did ot merease 1he flrorescence fignra.

Rontme procedsre for wrone end erpm cxtracis

To the fltered unne sample, wrally 25 ml, 0.3 g of the dhodim slt of
nhﬁmm.mm:mmﬁnsdd(wm)n-ddcd,mdpﬂ-dww
2285 with N sodim bydroxide, added d under contl agita-
thon with & magnetic sturer and "‘bylgh. de. The urine b
then immeduately pased through & cotumn of 10 mm dumeter contalning 1 g
shmunrum oode (Batith Drug Homes) The aluminrum exdde B previouty
swided around in dutilled water and the resulting wuspensian of very fioe
parncles, which may clog the glas filter of the column, decanted. This pro-
codure i repeated 2 or 3 tumes or umti} the alomin setiles rapdly leaving &
clear agueous layer

The 15 cm high glan tube pv Atted with an upper wider part to hold 50—
100 m} axd a glass filter D1 and & glaw stopoock 1n the lower part. The total
pasage ttme for the urine filtrate 1thoald not exceed 15 min. If parsage tends
© become slow  alr presure ¢an be applied to the cohmnn vewe! 30 83 to
mantain a fiow of at Jeast 5 ml per min. Smaller yohumes of arine than 23 m}
are convenfently diluted to this volume with glan-distilled water After gas-
mge of 1t urme the glam walk and the calumn are thoroughly sprayed and
washed vith hi-dbtilled water untll the wartung fuld o completely free from
alkah, which 1 esential,

Elutlon 34 performed with 0.25 N acetic aid of which 5 ml » tharcughly
mbxed with the ahrmina and allowed to filter off. Thereafier the same volume
of acroe acd 1 added. The cuate n centnfuged a2 500—1 000 g for & fow
mnutes 10 order to scdanent fnc alumuna particles that may hace pased
through the fiter

In the ctoate, which should have & pH value of about 3 3 and thould not
exceed pH 4 0, the catecholamines arc stable at room temperssure for seversl
hours, When kept froeen, the cluate can be wed for smalysa weeks ter
Immediately before amalysh, the cluate is adpsted 1o pH 6263 with 2 N
ammonis which is added dropwise under storing with coatinnous control by
the glam electrode. The dduate at pH 8.2-6.3 should be ted for analysls

13 s00n = m order to prevent spontancows oxidaton. Urually no
losses are obeerved within 20 min, bowcver




354 U . VoY rurew axo ¥ LEHATKO
NA IN URINE STORED AT +20%¢

0 3 9 0ars 13

Fig. 2 Coarprs m frer normdrenaline 1n mrme At root temperatare t 23 for
mmdmmmuwgmm ai

Forlugervuhnnuofunn:-\ld:rmlumnmvbcumiwllhlhwrﬂf
alomins [—2 am bygh, allowing adsorption to be completed m |5 min, Elatos
ud:cnmxd:m!hmuclcdufmﬁacmwiumcmdmmgthnummb-
tain 2 pH valoe of 3 5—4 m the cluate.

Txn’uulndurpmucanu:dlndmtd\th—5whmnlOPﬂ
cent trichloroacetse acd for 1/2 bour filtered on & srcton funne! and washed
w th 5 per cent tnchloroacetre aaid The combined extracts are adjusted to
PH 8.2--8.3 vath NaOH

To n ml of the sample, pH 62—6.3 n a graduated cylnder = added
01 ml 0.25 per cent p femcyanude Oed 13 earrred out demag
SmuLAft:thuumcn-le]nrnh—uaorb,cmdmnEmmgOJme\
per 10 ml 1 added and glans-dusnlled water filled up to 10 mL After thorough
mixmy, the fluorescence 1 read m a fuormmeter wath flter sets A and B The
Coleman 12 C fluocimeter has proven namble for estumabons 1 urme and
oot organ extracts. The blanks are prepared by addmy afkaltascorbec 2cd —
EDA to the mmple and then farncyamide

I fnence of pH on free catacholammnes tn rm

Ituwdlknwndmwlmurmeulm(cd-undmnmaucbohmﬂ;
are redaased from readily bydrolyzable conjugates Incrdcrm.utcﬂ::;
PHhmltl!hhn:hurmccou}dlxkzp(:(mnlcmpﬂ!mntMH nee
m the proporuon of free catecholammnes, unnes were -djmrdeln F"luf
0.2~3lndﬂmp¥umalﬂcdxﬂcr\1nmnlmqthofummmltb:[
coouderable increases in free noradrenalme are observed at pH t)nd”
MpH!lbccontmtd[rmut:chohmmulnmmcﬁmnmgricw hangos
arcrpmodsofmorcdnn2uc:h.’nxmuludrmm(c.m] wmporianc
of paintunmg an adeguate reartion m unne woved before s
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Discussion

Aldnxghthcmhydmxﬂndt)k (THI) method for the fluonmetric edima
umdndmxﬁmudnmdmfmmybcmrﬂcdnldmp]cmm
nﬂymntcmnhnd,lhcmhﬂnyddwﬂuummbbnhmdum{,k,
& often mmsamfactory Thun the fluorescence of the blanks begins to Increase
hl&wmmnla,panbﬂaﬂywhmmmurcdwmﬁlmemdlngm
Comxn and Goromexo (1957) Thus doex not wvahdate the net fluorescence
alses of standards to any marked degree snce these Incrense approdmately
by!htnmcmmdxruf.aledxvuhm.'ﬂ\hhmxl]mfornnnlhlhmbk
-ddmlnumkept.tmomzcmpcmmﬁrml}mn&mﬂmbhnk
llnuma'nlcgrlduluyfotlbomlﬂmm(heﬂ]uumaybcmmnm,em
fx the reading of low net fluorescence, however

By the addrison of a small amount of ethylenediamune to the alkali-ascorlde
2dd muxture t bas been posmsible to stabillze fluorescenee over a perlod of
scveral bours. It this becomas umnecesmary to prepare new alkali-LD A-aseord ¢
acld mixture at frequent intervals. Care muat be taken, however 1o min mive
the uptake of carbon dicmde from the alr

In addisan to th advanmge of malntasung low blank valucs another even
more nmportant advantage has been achieved. Ar mentioncd above the
A ce values for standard salutions show only | ttle change aver 1 1 ur
bt wath samples prepared from urme, after adsorpton on alumina and elutlon
v\lhlc:ucn.dd,theﬂnornccnc:ﬂnwllgndu&ldtdmr_'p;,rucul_]ﬂym.‘hf
valua btuned with the filter B set. W th the add ton of LDA the 1
cence valuo obtamed with such samples were constant for i‘nu‘zflﬂ-
1 hour The moderate increase m Auorescence observed with filter ety 4 "
B for noradrenaline o anotber advantage. and

Thia work wes mpporsed by graan from the Alr Foroe Ofen of Acrmilie
A Rescurch and Deelopment Cosmumnd, United Stases Aur Forer mm.,:]“h"r""
Office Mhhmwmmuhﬂhmﬂd"h‘lh“‘m
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Localization of Focal Potentiala Evoked in the Red Nuckens
and the Ventrolateral Nucleus of the Thal
by Electrical Simulation of the
Cerebellar Nucled
By

Bo Arreamro
Recerred 16 December 1960

Abstract

Arrriarao, B Lecelizaium of focel peioatsals acebed m the red mack
-‘nmmﬂnﬁudhmh&mﬂwfﬁ
arrbeller xocln. Arts phyeol. scand. 1961 57 135637, — The expert
ments described were performed on cats ancabetred with Nembutal
Electrical samulation was applicd 1o the cerchellsr audel with siere>

tactically gusded s Focal patentialy evoked in the
halon and 10 the thak were recorded with ghuw or nog~
microck des. The tals were togrrally loculired to the

sen P LO0gT
red nuckew and the ventrolateral thalamic nuckous, ft was found thet
mympd:whnpadﬂbcmmmemmmmmhthr
cerebelhrn and the red scleus on one hamd and betmeen the laser
ponite nocleus and the mud:taﬂnndnnafxbcmh.monﬂt
otbal\ancm‘nmu‘uvlnuﬂg:lcdngjmsmﬂdbcobakfdb’
suzmolation of the dentaie or fastiglal cerebeller nuckd

It 13 well known lhatﬂnrcdnudemncdvulumam;ﬁ«vmwwffr“"
the contralateral deep cerebellar nucler (Mussen 1927 Paret and h“"h ‘h‘“
1940, Cannea and MerTien 1954 Caxeexres and Staves 1337
)mun'ntbl(oomcoftheﬁbruofthebnﬂunmcudumw’ (mn,
the red nuclews without relaymg Accordug 10 ALLEX {1924) M:;'de

Cnmmdh[zm:(w.'r})thatﬁbrumdmtlm bath
o(thc;h;hmmemyyuntheopmlanxmwhwaﬁz“b"
m:ln(:rpnﬂtclndlhcdcmalcnuckimzhccarbcﬂnm
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dtrtdnndcus.Onth:olha’hndJmund]Am(lQS&)umzwlh:
conchnon that the denmte nuclews b mainly related to thalamocortreal
qﬁmn,whﬂ:thehnmpwmmtkmhmwdwllhm}dbrunnmm
Thwtmtm'aﬂglmmmdmkmmwddmn\nlwkthudmrl-
al stimutabon ln the cerchellar nuelel evoled a focal potenial m the red
nudeus, If thus was the case, it would be the aim to find out if such a focal
potentual vea localtzed to the red nucleus only thereby scparating thit strue
ture from the rest of the meyencephalic reticular f jon. This was regarded
11 bemg of impoetance for future clectrophysiological work on the red nuckew
and ity relatiomhips. Durmg the conrse of the experiments it ako became
Decomary to find the ongin of the rubral fibres in the cerebellar noded and
localize a thalamd pome cvoked 1 nly with that observed in
the red nucdan.

Materials xnd methods
were derbved from 38 can. They were anasthetized with

|

Recrdding was made with NaGl-filled
gmund z;.; p).'l'huewcrelﬂ.nmrmd‘h m?m:mmjn wm'{m i‘..““‘;‘“"“w“’
W-Td“ activity A chlodkded ailver plate screwed m bone over the frontal s

o hngrtn dectioder were wed instend. These electrodes were
mocthod from Hosar (19. tungsten
glmduu.lum)w-dnwnhm ;h-mbew{mm(m?ud::uda ﬁ



used. Slow potentials of low amplitude could be checked by switching the amphfier
over to DC recording The potenush were displayed on a double beam CRO and
recorded oo 35 mm film with & Gras camera. I all records negativity b rerorded

1o & sl distribubon it which permitied
raped connection to any ooc of five output receptacler

After each succesdful experiment the bead of the anumal was perfioed with Rloger
solution and with Bodian  flisd The bram was then embedded in celloidin. Sagiral
or transverse scrial sectioas, 50 or 100 g thick were made through the cerchellum and
through the mesencephaloa and the thalamuy, The sections were rained with tokuxdn
blue (Niml) As nrul the tracks mad with the strmulating electrode s well & b
the microckeetrodes could be scen and identficd on the sections. Dlectrolytic Ikt

;u:d clectrocoagulanom were always readily visible.

upreardy
A Grem sumulator (S4) and  stimulus bolatlon uast (SIU4) were used for electnal
imul. They were

Resnlts

1 Focel peientials cooked in the mesencephalon end tn the thelawees by clectncal stoo-

Latien of the cervbeller wucles

Electrical stumulation withm the cerebellar nuclear complex cvoked 2
cbmcta—kucfoa]pomnmlmzhcmc:phdmmdrcrrgimdlhznj
nucleus. Tt conmsted of an mitl postrve-negunve spike (x 1 Fig 14)
short latency (mean latency to the maxumum of the poutivity 0.491'1:9::k
SD 009) Thu:pnk:wufuﬂow\:dhyancglﬁvtmw(blnﬁg lA):nd
» mean latency of 125 msec (3D 0.19) Its duration ranged between 2 i
snucc.m-ndclhepounm]wmplaa-jcdmlhllung{mm% 1,
deflectron the duration of which vaned between 50 and 100 msee (¢i5 Fig

If a synapse blocking agent (Myancun) was admmistered intrav
while recording a respomse of the type described a o
(b Fig 1 A) and the shallow posiuvity {c in Fig lB)\m’c-tﬂ\lDe(‘m
and finally to diappear although the wnital pouthve-negathe ;‘P‘l .
Fig | A) ramawned relatrvely undsturbed (as shovn 1 I7g ZCL}_‘:"‘_F
dlh:nnul}@lhldlmhrcﬁcﬂhhmwlhcﬂ!h‘
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Fr. 2T the left.

A Control record of joaal potentials o the

red mocem om cevebellar stmuletion.

B 2 rmin sfier Ly tection of Jyanom

g’mwtﬁkﬁ

T the ngher

T Comrnl record of potentisak in the red

mackews.

E Afer mlm«im‘l;(\mhml
= 10 doees tring 33 min.

fmu :'ulurmqn.sanﬂn.

Q. Abcr ol of 790 myg ks 30 mbn.

H. Cat dead for aboat 10 as Shows shape

of simudatg artfact

T 30 mwcc. Thoe 1 macc.

scvere anoxa produced by stopping the aruficlal resprration in & curanzed
preparanon made the negatve wave duappesr before the mtal

The type of respore shown m Fig 1 closely resembles that dexcribed by
Broows and Ecciry (1947) and by Ecauzs ol (1954) for mnxpses m the
spunal cord. It seetos ressanable to mtcrpret the different components of ths
focal potential m aceordance with the above mentoned suthors. Thus the
outhal posttve-negatrve spike 1 attributed to the presynapte volley and the
dow negative wave 1 regarded as beeng of pastrynapsic angm. Such an

The portryraptc potentml was found only withm & very restncted wres,
while the presynaptic spike was mare widely spread. When appeanng slonc,
this spike was seem to be triphamc, ponbve-negatve pontree. 1t was abways

deratly amalfler m irtude when recorded isterally medally docally

#nd ventrally to the area grving a full response. Caudally to thr area, between
the red nuclem xnd the cercbedlum, the presymapt splke was big, apd m e
airal directim t conld be traced relatively unchanged up to the thalamus.
There ¢ was onc more followed by & postsynaptic negatrve wave. Fig 3
Prosents the shape of the preyynaptc spike caudally and rostrally to the red
mndewn (A and C) and also kn this nucleus (B) and i the thalamic respoadmeg
region (D) As shownun the figure the latency to the presynaptic spike incressed
m a rostral drection. The latency to the maximnm of the mutial pomtrvity

I

'




g
§

E
:
b

the Level of
B about 9 mm, to
50 maee, Voltage callbation 100 g% Tiome | met.

]
E
]
¢
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was thus about 0.45 macc caudally to the red nudeus (Fig 3 A) and about
083 msec in the thalanna (Fig 3 D)

) Durmg the cxperimental work at the thalamme level it became evident that
the latenmes of the different components were mot the same m the whok
respondmg ares. Dunng p ton of & microel de through the thalasuy
& regponse sequence of the type ilhutrated in Fig 4 was regularly scen. Thes
the first mgn of & response was a small, rather badly defmed prognapte
potential followed by a post-synaptic negative wave wath & Jatency of aboat
2.3 to 2.5 mscc (Fig 4 A) As the mucroclectrode was pushed ventrally the
P ptic p 1 suddenty d hed m amplitude while the presysapte
spike grew more visible (Fig 4B)Ahm=dccpa!.h:ﬂ=9'-‘wmw
aung:ympucncdwwmc:mnmlnaund.]‘hummhmw“m
a Iatency varymg between 15 and 1 8 miec (Fig 4 C) This type of e
was then seen through the rest of the responding part of the track. The MY
djEcrmccuflbou(OJmsc:nukai!prolnhl:th:thszﬂﬂY'md{d
respomse 1 mediated from the cerebellum via a path with one cxtra fTEP¢

IL The incalization of the focal potentrels to mscplolaguel srichoes witks B
weseacephalon and 1o theloms
Inthcsc:xpmmmuthermdlngm:audcﬁmdcmpwm'pﬂm

whith according to Horsley-Clarke coordinates ought to bclb“"dl“"‘“,:

umevmwnwﬂnudnnofthcmnhmi‘bmlbzmm
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Tg 4. Respunac obtained from  microckectrode In the vemtro-
et wiiein of the thelamus. Elecirical stimedancn m the
Orehellr ol
A et sign of
fl‘"'.)m cvoked potentml Latency to postsinaptc wave

] om more catrally Wenk respouse of the mme type
240 mmec.
o further ventrally Strong roponee with Jasency
a%\mlmm

ropame

0

Rorws of macroclectrod tracks 05 to 1 0 mm apart ware then made through
'h‘mngr:gm.Um]lymlymormonu:hmm“mmdcmmc
Speriment. In each track photographi recordigs were made et regular
mitrvah (025 or 0.50 rmm)

icchane. Tracmgs were mad  from onlarged scchom wath identified orecks.
As 2 rule, all tracks m & grd were not found in one and the Fame section.
A diagram wes therefore made presenting all tracks on & trackng of  repre

®Ttatrve hutological section. Thn w3 Fefy y a3 the
borders of the mucler did not differ conmderably betwern nearby sections. In
ome caser, however a0 error was introduced. This s then d opon

M th text or mdicated o6 the diagram.

20413015 Act physiel scand Vel 31
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The localzation of the resp 1n the medrolateral and
tion was establuhed by the 1dentsf of the microcectrode tracks 12 0
hastological slide. The deter of » recordmg point along 2
the darsoventral localiration was, however subject to same €rror IR
byth:Hm':lcyClul:Lcdm:qug.I(“nducmLhemwmormad
urplugcmmu-rdmocpomLTungnm:l:cuodawmuMm o
mdaamnmth:loulmnmur.mdmgnmhthedmmuﬂ@w“m
With these electrodes 1t was pomible 10 make cectrolyc fesont B0
mxking!h:u!cof!hcdccuodcnmcmummlhwﬂm‘ dd
¥ig 5;hxy\rsl£ro-nulnccuo-nLhroughzhcmcse:bccP"-“-“"“d’eh1

Lh:rcdnudc\n.}‘umm:c:odccuodcmuh(mﬂktﬂb?m"md o o
17,4md5)mnbclcm0nlh:dugnmbdo'f"ﬁ"hb'ma:!nm¢
mmthcmcbmlhmmdwwhdcm‘h-Tn‘kW
dmmmidmuﬁcdm-narbymuomﬂmfrmw"’be ok
hmnw-mymmhdbydmalmhw‘””" Lt the
mmqmbohhdiatchckdmd;mpwnnbccwdmd““
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cevponse was seen onty 1w the wacks pasang through the red aoclewt and
was pot obeerved erther medaally o Iaserally to that xructure. It should,
boweser be noted that track 5 in Fig 3 did not show & fespome although
5 actually ween to pas throngh the laterad part of the red nudeas. A carefal
cxanmation of the sectin revexls that the lateral part of the nuclews bere
oomots of a well defined poo! of very small cells {the shaded area mediad to
tht broken Ime} This u probably the to eallad nudems minimus deseribed
by Mamans (16894) and by voe Moxaxow (1909}

The ostrocaudal extens of the maencephalic repotse 1 shown in Fig €

and 5 ar wcxm nthe soction. The disgram thows five tracks, of which tracks
§and 2 wer ndmnﬁtdtmmxb,na}au.Truhpnﬂm;mmynndawdnny
to the red nucleus were negatve. The ventral part of track 4 which

ppeared
about 200 g medial ta the traced section, was seem to pan thoongh the caudal
mon cells o the red nucew
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, Prd, pedunoats
The local of the respomse m the medich 1 and rasrocasdal &%
tion was blihed by the identi of the m teerrode tracks 18 ¢
hinalagxalﬂxdcmdcmmm:nmdamdmgpom‘m‘“‘d‘“
urormuo&“f“’

the domoventral Iocaliaton was, however qubject to ¢
by the Homsley-Clarke techmgue. ltwducmtbzmnccmﬂdmﬂ‘;:
earplug center a3 a reference powt, Tungsten elestrodés were piilwed i
toddammcthcloahnmndxrcmrdmgnmmﬂwmﬂwdm
With thete electrodes + way pomible to make deetrolyt kROOY
mukmgthcmcc{thcdcctmdc.!Lhcmammntwumﬂdm!' do
Fig 3 shows & froutal secuon through the wike ke
the red nucleus. Four microelectrode tracks (raarked by arrowd and
S 12 4 and §) can be seea, On the dugram below which B3 8 W5
mc,cumn,themchmdwwnmlhuruboklw!""T"‘kW
dhgnmwuzdcnnﬁcdtmnnarbymm f’hﬂ‘)‘”b“h'n‘k e’
amdicate & responsc evoked by clectrical nhnuhumm‘h‘“"wﬁum
Lﬁn\n:ymbdlmdlﬁwhdcfmchmpmmhww
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pares through, or rostrally to, the nudews. Tracks 3
2d 4 however oo doutt fell v thin the borders of the matrolateral mucicue.
In the expesiment allustrated tn Fig O B an Jectrohn bowon a3 made st
& pont where a typacal thalamec rexpanae of th 1 pe with dhoct Llatenoy was
recoeted. The levion o teen t be centrally placed in the  entrolateral mucleus.
Unfortimaiely the matenad 2 wlable docs not atlon a dewriled focalmation
of the lang latency rexponse scen m the dorsal part of the tracks through the
ventrolateral nuckews. In Fig 9 C and D honeser 2 srack 35 shomn w th a
lesiom made a1 the depth wher i axponse i that track  hanged from the
o latrncy tpe ta the erpocse w th horter Lawency From the figure tis
cnident that the rapoase with long latenoy, doesally to the Jenon was not
derreed  um the entrolateral nadeun. The track seems to hs ¢ pased m i
dorsal part chrough & pool of colls which may belong mither to th nuclon
vengsall antorwor of the nuclews centraln lateratn.
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Fig % A Fromal scvon through the mosencephalon, The red micks bl the
brakes lrme. An chreirotyic w1 pomied a1 by e arvem
B. Froats! secuon through the thalomo An cectrolyoe fabn m tbe  cotrolaterad pockas
w wen ¥t the srTow
Cmdﬂ&ﬂamnz:lﬁ.nﬁalmaf sccuom through the thalamim. As circumirte kowos
(wrrow) B stmeed dormal border of the ventrolasera! pockre. Respaosc of the by
ieacy type wis soen wibm about I mm dorally to the betion.
AV uodew sk cuoale. CL, koo contradi Bionli LD, xudes Lairsl - donade
1P woddem htenlis pocenoc A A, uckem cutrals asterbor VD puckes catralo Lserale
\VPL, amien  onimalis parcrolatonls. Seale | mm.

!



10 B 13 hown a nmilar scilon from soother experiment where tracks 1 7
T 4 and 5 cnter the wedud pat of the nuclear conmplex, Electrocongulauons
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—
are seen placed in the interpos te (track 1) and the fastgial (track 5 ) nuckel.
fig 10 D 1 a composte dugram of A {bordeny of the nuclei and racks drawn
m full) and B (borders and tracks drawn wn broken Imes) Electrieal stumu-
latron m the tracks with plus symbols above gave respamses m the red pudos
and 1 the ventrolateral nucleus. In che 1 direction tatfon
was effectne wathun the arrows m track 4/1 Tho dotance was determmed
with the center of the clectrocoagulauon (croms) i track 1 as & reference.
It appeans from Fig 10 that only tracks passmg through the Interponte nudes
evoked a respomse n the red nudews and m the ivesugated part of the
thalamus. Tracks through the dentate and the fastigial nuclel were alwsys
negative 10 thi respect. These obnervations were confirmed without excepuon
m all expenments, An mterestmg observatson was made m the expenmend
of the tvpe illustrated mn Frg 11 In these rottrocaudal rows of tracks it wls
always poticed that the morc caudally the sumulating electrode was siwated
nthm the mterpoute nuclen, the higher the stmulaung intezmty had to b
@ order to gne a respomse of a certam amplited  In fact, stumull appled 10
chgmmtaudalp:mufthemxdmncrendmuwmanc.Ith:l-an'idcn‘
from Fig 1l that stunulatien of the brack 1y rouralty ad

nudnm:ﬁ‘cdnrmn-uﬂngdxﬁn“’”"""’h

centrally 10 the cerebellar
;nthcrcdnndc\nnu:lmme ventrolateral nucleus.
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ecussion

The rewlts presented scem to prove that stimulaton of the intapoute
suclers i the cerebellum sctivates the cells in the red muclews and i the
\entrolateral muclews of the thatamus, Thus s (o agreement wath the findmgy
of Jaxamos and Jaxiex (1959) that the bulk of the fbees from the terposite
mcleus end {u the red nwcicwus, This vicve war alio supporied by Povrraxo
(1958) who showed, that motoe effects clicited by electrncal stunulation of the
cerebellar cortex were abolithed by dertruction of the mterpasste muclens o
the red mmelews.
Javaxn and Jargex alwo found that some fSbres from the mtarponte nudleus,
mgnbawiphthcmquuyd’lbcdmhlcﬁha,puncdbcyﬂndﬁmrvﬂmm}m
These fbres were thought 10 have thalanne connections. The present wvest-
gation has proved this view to be true w th regard to the interposste fbres
On the other hand, u falled to thow any conncctrons between the dentate
uclens snd the thalamur, From Jasax snd Baonarn (1958} ¢ seens evident,
howoves that erp directly d a rel hip bet een the
ventrolatoral nucieus of the thalamn and the dentate muclewns are il lacking
The present fndmgy do not support the wew that such & relatvmbhip exot
Tt cam, however not be excluded that the dentate nuclas may bave connec
b m other thatsmic nacker. o cxn t be excluded that the dentate nuctews
mpmges upon the cells m the entralaters! nuclews (and coaybe alo m the
red rmcewns) m & way which 11 not chsedated by the techmque used m this
veRIgALOon.

Au mtevesting detal 1 the work by Powrriaxo was that the fesson in the
interpente mocleus had 10 be niuated in the  oatromedial part of the nockeus
1 oeder t mboluh the motor cffecty observed. Expernimwents of tre type shown
in Fig 11 10 the prewnt investyation scem to support th obwercation n that
elecirical shmulanon n more effeetivehy evolang the rubral reypone of carred
oust rostrally in the meerpomte nocleot.

The drvtance between the mierposte roclons and the red macdeys as meanured
on & hurol ¥ rectimn (thrmk d for) B app 9 mm.
The mesn latency o the maxunum of the sl postmity m the preyunapae
speke Tecorded in the red nuclenn n 049 meec. Adopung the wnterpeetation
of Bacoas and Ecouns (1947} this pomt eguals the armad of the prenonapue
alien w7 the rod muctene, The conduction elocity ma therefore be o maced
to be about 18 miec. In the entrolateral nucleus the conresponding latenc
B 0% mee and the total drtance between the cercbellum and the thalamm
s about 17 mn. The contucuon vcoat, computed f om these figures v alse
abous 18 mucc Ax the difference 1 Iatencs betveen the thalamse response
and that evorded fram the red nuckews m only 04 maee there scoms 1o be
no tme for & wvmapac delss m the path, Th umfwmtmxductwn\do&q
m@.wdrmmmmmdchmhundd}ymdmmﬂ}ym
nocleus wis ugeeats that the path from the cevebellum to the
a dir ot oo and pot mierrupted by o synapee in the red et
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34— Remal ovygen covsumphon can be divded mto pall
coomucnt Dassl ceypen uptake and x varuble mepeabssal of functional

damical ofwervetions
uptake and w in sgreement with data oo other plectrobyt
tramporiny tmacs.

in the iolated frog skin 1t wm found by Zewasos (1856 snd 1958) that
there was o besal or resting exygen. when the medium oo the
outnde of the son way soduan-free. When sodhom was added to the mediutm,
wmmmmwmm:fwuﬂﬂ%gmupukw

mﬂ\thnLThjmpnbanlm-wmgmlwkewu
dmmmwdbw-nd;xvporﬂmlmacﬁvc.odmmtnmpcm.



372 MIELS A. LAYSEN 01X MUNCK AND JORN HEX THAYIEY

There 15 good evidence that about 99 per eent of the filtered vohme m
the mammalian kudney is reabsorhed m the tubules by & primary actre m-
ward tramport of sodium, anjons and water followmg pasively duc to the
dectrostatc and ommotre forces thus created. On a maolar basis sodnm reab-
sorptiont represents the overwhelmung fraction of all nubular cransport procener.
Thercfore, follwing the suggestion by Untvo ef oL i a recent review (1960)
the present study wax undertaken wath the mm of lnvatigatung, whether &
correlation between sodium reatsorption and orygen uptake could abo be
demomtrated in the mtact mammahan kidney The resula, which have bees
previomly commumcated bniefly by Trarey Lasex and Movex (199
1960) arc here presented and dsscumed s full detad.

Methods
Two dufferent types of expermments were duded i the study

A Acamaroent of the ox7pcr npials of i met-Kerng kuiny
Four mongrel dogs were umed. They were ancatbettzed with nemburtal and through-
out the exporument wovgen was adminsicred | rase of 1—2 1 per o Qurough
m'mmm.mwm-w-uww-
medan monon aod sitably lanpe catheters tred mto both wreters, enc femora! artery
and the nght rear] oo Renal blood flow was messured by the free outiow method

blood samphes. By rrpested
hlecdings blood presuse and renal blood fow were reduced fepwo At each el
the observauoos were repeated.

B. Measuremond of the o prn spéatr end s redbmopisen of she pliering &
Ten maogre dogs were wsed Tbeprrptmuaaa(r.bennmuh-u
scribed abos  excrpe that xomplng of reoal encin blood m thevw -
dogr was cursed out v th l)uncl!hdﬂmnodu‘rd[rwnlkmﬂwrdm“b\'w
and goded manmalh @ the keft remal em A primng wyrcuon fallos

by coocenurtons of
mcntrdmordawmmnamnlplm;ﬂpmwmmm‘u '

sdarr
the same a1 e
pon-beranned

plarma pisuma PAIT and plesms sodium
sent, GO FT ST D:chm-ncmmﬂcduatm nd the ki
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Teble I Tht bazal axypes consumpiion of the intact comms bniary

Dog Otacr  3Men  Biood (A—R)  Reml!
vanon  srierial  flow o otypen
period  blood  (wljg) | (smola/  uprake
o, premure min) ml) (pemades !

g/ein)

A 1 58 144 on2 1.04
2 4 0% 9 o

3 L) a1 219 080

B 1 [~ 106 04 110
2 & 11 (%] ag0

3 ] 1.06 103 1m

4 » 053 182 ass

c 1 2 106 109 116
2 24 os7 164 o

D 1 47 e 181 112
? 13 i3] 1 aso

3 +H o2 1563 o8

trhcally

s n Vax 8 vex
oy (1m4)mmhnmmphndmmmsnm.naby and
w?ﬁmmﬁm}udmmdwm

ovTETR Orly the amlyss were

= in the calealatrons. Inul t plasoa aod urtne was mamired sccording to the
method of Avwrw, Rusne and Mries (1939) PAH was detcrmined by the method
of Baw, (1951) Sodkim was mecasared by Internal standard flame phot The
MP;MMWMMthPI—mm

arterlalwcmal venom diffcrence (A — R
“’“"‘”““““’““"'ﬁmhmnm(amnnmummnmpu.(m -

W'M"mmhm iy
fn geqfgpmm. armary excrenon rate of wdnm (Ui V)
From 3 the following parametens were calculated

mmwcrn__‘f;

Sodium reabeorption (Na resbe.) = GFR X P — L ¥ V. {geery/g/imn)
Tmmmm(mmn_%,m_n}q (et
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Tablt Il Stutics of remad sodimen tronsport and wxzgen mctabeliom i kx dogr, | dogs . I—4
-wmn-&hHlnnfmtukMﬁ-w T 209 axd 10 tha renal 103 prescaer xas

Dog ™o RFF H RBF (A— GFR FF Pas M [N |Na Q0 |QO, Xat
no. of mly/ mif R} mff m flr jev e toullndt e
pe- min ¢ O g sodi- eret. | abe o,
o min  pmo- min uwm e
ody Josf peq] Healgmin pemoles|
ml ml g mR

129 041 320 126 066 03 133 B1T 04 93 40
3192 040 633 106 115 0T 136 I763 65 175 I8
326 051 665 119 |38 039 153 1958 17 Is2l 86
261 048 506 103 ORI 031 140 142 13 1135 52
58
1
pL}

3141 054 745 074 oks

=3 -3 g
BEuwRNyy

g
£
E

291 013 3T 131 06
042 038 06 302 Ol4
133 Q45 246 134 Q31

B X R NP NN
-3

SOBNR L E -

EA)
150 765 06 755 33

5o
[
-4

et renal oy gen uptake (QOnet) = (O4total — oxygen uptske of the non-flrering

et O rad < mumber of sodium eguivalents reabsorbed per moke oxpgen =
s reabs.

Q0 b
Experiwrnts! acorecy
The coefbeient of m the of sveruge pet or suprabanl o

of sodmm reabarp-
uptake was calcuhted to 13 per cent and that in the determination ot
mm4panmLTbacu1mhummlmadmmm¢eummm‘

in the indhsdual experim

Resulty

A. Thw eygen wpiake of Lhe wom-fillenng bidngy
Tahlclmtheduuformnnmmdbloodprunm'ﬂfb:’wdm
artenal-renal venous oxygen difference and renal oxygen op% rm::YP’
strated graphucally m Fig 1 (part A) lh:hd.ncynuﬂxtddlﬂ'm!'h‘n
tonmon wat found to react to & further redoctron m blood Sow wi Liiedd
i the ay axygen difference, whereas the onyEen uptake T daected It
comstant. Since no measurable a.v difference for inulin could phiet
these expenuments, we have interpreted Lhenlm:lfarrﬂﬂl’:'?rb‘mdw
£3 mdicatmg the axygen uptake of the non filterng fodsey

average 1 0 pmolefgfms.
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§. . °
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£y 7,
Zo e //o ° L]
E;l ° Vad s
Il o/< N
g: o, 1
2 o 2
§ LR S 1
1 [.] ]
1, :
i N Qa, o
f 1 ~ el ek 20

) 1 LI T T N S T B A ]
RENAL BLOOD FLOW
Ul fg/min)
= oxypm wpeake of the noa-flltmrmg kxdaey bo four dogs. Each pumt representy
(Emmdtmhmummm represcan the average

e experiments by O 5o aterept was made to luer
with resal flow 1 the cxperiments medicated by 2 the rens! veln wm coostrcted.

B The axpren wpeke of the filteing bimey
Table 11 givex the ohservations made in the dogy with normally funcuroning
The data have been analysed in some detail and the rerults of thn
nalyh are presented in the follow g parsgraphs.

nﬁldu.:bpbd‘l.mlu_ﬂ-snlud D pex apiaks

Fig 1 {part B) show that the oo axygen difference remused ferly constant
2t about | pmole/rl m the 8 dogs with normal renal venows presure dapte
VRriatiom m blood fiow from 3.2 to 75 mi g min. In these oxperiments the
total renal oxygen uptake comsequently showed a rough correlation to renal
blood flow In th WO expernnenn where requl venow presure was increased,
the av oxygen difference was rather high and thus the total oxygen uptake
wx not reduced quite M proporthon to the reductian m blood flow Hence
the observed rough correlaton between blood fiow and axygen uptake may
e upset by a marked mcresss In renal venowus presue !
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n a

(1]
L33

The relatronshnp betivern filiration fraction end arteroveses oxypen Eferencs
Fig 2 shows that no mgmificant correlation exnted betwren these two
parametern

, The relatiomskep betrreen filiratren rate and total oxygen wplate
Thacnnnhlghlyngmﬁnmoorrehumbctmnthcﬁluiumﬂ““d

the total renal cxygen uptake. As seen m Fig 3 the data suggest & Encar
el hup, and the calculated regression lme madicates that 57 pmoles of,
oxygen are consumted per ml of filtrate formed 'ﬂu:lma'\:cp!tl
representy the oxygen conmumption of the kdeey when no f

place and was found 10 be 0.6 gamole/gfmn (4 0.4) Thu

lower than the value determuned durmg haemorrhagie hypr

difference n ot stanstically ngnificant.

The rdatienship betiveen sedrum reabsorpiren axd teal o ypen wptele
The correlaton betwern these two paramcters was cqua
above descnbed (Fg 3 The cocffirent of corrclation betw
sorpuian and total oxygen uptake waa a Litdle hugher (r = 0
floaucn rate and totel axygen uptake (r ~= 0.97) saltho
Is not sigmbicant. It s not surprsmg that these two correlath
snce, in the present expenments, the filration mate and
sorption were highly mtereocrelated due to the mmall
sodinm concentraton and m the excreted fraction of {
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Fig. 3. Rel between total roml oxygen uptake and fhration rate, and between soal

‘mprtake wodium reatmorpace.
fﬂmwwopowmmnmmmumdh
In the experimanty wdbeased by T the renal yein wes constricted.

The rat beimwocs sodizm roaksorpion and et sypen wpiats

The finctonal or pet axygen uptake was calculated by subtractng from
the total oxygen uptake (I grmoles/g/mm) the axygen uptake of 1 gmole/gfmm
which was found in the ron-filtering kndney The ratio between sodmm resb-
socptron and net oxygen uptake, the Nafnet O ratio, was on an average 28
with & standard devistion of 4 ¢ this valuc varked but [ittle from dog to

dog. The ratlo denotes that 28 sodnm equivalents were reabsorbed per mole
of axygen

Discussion

The busal cypen wplals of the bringy

“The defminon ol the bassl or revtmg oxygen uptake of the kndney depends
wpon what we cansider to be the mapr wark process of the tubular epithelium,
and s d I roquimes interfe with norml con-
ditiors, because the kudney w 2 normally never rosting gland. Since the work
of the tubular celts 18 to moddy th glomerular Sloate intw Anal uring, maifly
by reabeorption of the filtrate, we bave defined the bamal oxygen uptak of
the kidncy a3 the axygen uptake when no filtration and hence no reatsorption
tikes place VWV bace d d this bal bolxm In the artifical an-
B013015 Acta phynel and L ol 31

~
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Tobe I Ths basal appos comsmpioon bn warions (is3wes (ricalcaleind sa timekes of O Jryg
wel fusew for refarosces s Uinag | ol 1960)

Orgxn Species Rekrese Jawy—
wpake
{ eowokea}
§/mm)
Sabmaodlery glend Doy Toxwoux et ol (1939) 1
Sabmellary gl - Baxcaoer (1516) 10
Parodd gland - Ouax. (1931) Lt
Paocraatic gland - Srme et ol (1933} 13
Kidpey - Proent Sy is
Hidney Afan (newte | Memex (1208) 3]
poma falluse)
ation of severe hyp produced by bleedmg and » faksdy constast sibe

over 3 wide range of vananon m rena! blood flow was found. Desplte the
unphysological conditions thin basal rensd owvgen uptake of | gmole/gho?
comes very cose to the oxygen uptake m d flerent nop-imslated esoome
giands and to the oxygen uptake of the anuric human kdney (Tabke 1)
The finding of an mtercept of about 06 wmole/gimm foc the regrewad

of total oxygen comurapton on filtration rate oc sodiun reabsorption fusiber

. mpporuthcmntmtun,dutthchdxwyfwtm&bmwumwmhsz

uptake The busa! cxvgen p ! d from these regr
the same order of magnitude as that obtained 1n the sudies of the noe-flier
kidney but 1t w lem exactly determuned,

; of the celilst

The basal oxygen uptake 1 probably used for presrvation
structure and for extrunon of sodinm leaking mto the tubudar cells over U
mmer (blood ude) memizrne The smatl vanstons i the basa! D“ﬂ"’“"“‘:
from expenment to erpenment suggest that the wdwm leak 8 constant
relatvely soall

The functionel o 2t 53008 wptwke [ the kidacy

As this value was determned by rubtracting a comtant
gen uptake, the net oxvgen upsake bas exactly the same hig
Linear correlation to fitration  ate and sodium seabsarpuion 8 the total oM
uptake When usng the act oxygen uptake valuey the intereept o0 mﬁ’“ﬁ
P Ly duapp 1 -%“d”mp‘vw“”“ﬂwb‘: P
exygen uptake and fitravon rate and bctwmm&mygﬂlltpﬂh’;hm eab
reatsorption. Thir suggests that ather water real o heba
sorptiant n the dommant axy ger requiring 1ock of the lubub!‘b:Ft
No other tul ular trampart procen or syntheaning actsvity e s b
to pmud the filtered volume to such an extent. Moreover o6 *

froun the ol &9
hty siguificast 258
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le a3 compared to water and sodium
ﬂwnd: m";;l:rprutnpruct-:pﬂ‘lmﬂiam n?dg:hnoz permit any conclusion as to whether
ater or sodfin reabeorption requires the ondative energy mnee the w0
e ghly intercorrelated. However according to modam concepts cambe
wrpoon of Slirate akes place by & prruary actve realnorption of sodium lans.

Smalated The total renal oxygen uptake comprises a relatvely small and
wbaalmygmupukeoflopmnlcfghﬂﬂ.nmdlvamb!:mpnbmﬂ
“Emcounﬂupnkcwhkhumﬂmdfwmdhmmbofpuﬂuulnlrtf
128 mole O per cquivatent of Na reabmorbed. In quastatee terms tha
mybe:xp-r:-cdbycquadonl(lllnlmpergk}duq per mun)

QO total = (A—R]O % REF = QO taml 4+ QOnct =
-~ 10 4+ 120 N2 roale

In the pext perageaphs this hypothexis will be snalyzed on the Laws
vanow observations 1 the | egardimng renal axygen i

The propertwmeily beiween syges wptaks exnd Hond flors

In moet orgue & moderate redocion m blood flow [eads o an mereme
m arterrovenows oxygen difference, so that the oxygen uptake remajm un-
clunged The kidney does not follow the pattern. It s evsdent from nimesous
ctwervanoms — induding the provent senes — that the remal Ay anyyen
difference moet often 1 relstrvely dependent of blood flewr except at very
low flown, 30 that there b rough proportionality between cxygen uptake and
blood flow (Havua and Scroemr (1928 Graux o o, (1932) Vax Seyxx
cal (1934) Lavy o of (1937 1938) Lrvv and Braroex (1938) Kaawrs
xod Wrevos (1938) Dotz 1 ol (1946) Baavaxy and Havremrv (1938)
Boarr o o, (1949) Canors and Hexas (1949;)

Thus peculiar behaviowr of renal andatve metaboliom has caused much
pecul It has been suggested that the renal parenchyma was irable to
exiract exyge &cmthtﬂmdbduw-cuumaiuulthmdwxym
reected by Dot o of. (1946) who showed that the av oxygen differrnce
dd not change at low arternl arygen ssturatim.

m

The posmt bypothesh eadily explams the elavon between blowod b
and anygen uptake, a1 glomernlar fliranon and abe tubdar sodium feabe

by the tome o large xvnt,
termined by blood flow \\'bmthufmuumlptmvnhlbrl’r\!rﬂbymff:d
bypotenwon swoppry the flrathn, the

fdney — ke any her agtn ~
extracy mor oxyReR per ol of blod in opams v a further pedue tesm

D-£13015 Acsa phyclel wwnd 1 ol 51
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le:n’ﬂd-g’mdafnbimw‘.gmw

b ruriyur e

Thmoe Ratio Reference

Gazine kidoey 2 Prosent Stady

Human kidney % Calabated from data of
Cazant & Hicxas sad
CLas #od Banexz

Sabemaxilhry gland. 16-25  Caleulated from dem of
Texxoux, Saxxry sod

Taolated frog skun 16-20  Zrwasx

perfunon and mamfains & copstant oxygen uptake until a very kow e of
hlood flow o reached (cf Fig 1)

In contrast with the above ated two groups of investigators bave found
that the renal oxygen uptake u mdependent of renal hlood flow Crowxsavt
and Taxroon (1925) observed m cats that an increase m the renal veoos
premure produced a decrease m blood flow with an incresse in av oTygen
difference. In experments an dogs where blood flow was messured with ¢
bubble-flowmeter connected to the rensl vem Gaurr of of (1958) found st
.the av axygen difference was dependent on the blood flow In thoe o
reports o data are grven for filtraton fracton or filtration rate, but the
expenmental cond. are suggestne of & high fil fraction, w0 (st
also these results may well be 1n accordance with the concept thet 60ER
uphkcndcpu:dmzmmdmmmbampnm.'rhuudmwcdhmm
m the fallowmg.

Th 2over erumorewss differonce aad iy raniations

Cravor Bexxamp (1858) first described the hugh oxygen coatents of il
venows blood, an observation which suggests an ample supply relane #
dumnd.[nth:trrmsufth:mthypmhunthcnmlvdjw
(A~R)O ulhcrmltddnﬁa,lhnunly;bmn?ﬂpcmm(d‘h#‘::
fowang to the kedney 1 filtered under nnal conditions dnllbﬂmsmmb_
of sodrm reabsorpuon 1 anly 1728 mol of O pg-@m:lmxdvﬁ““‘mh
wfbcd,mdthanhcbanloxygmupukcuunﬁumdynmﬂvm““”
.msﬁgﬂ;hm‘gmcxmmnthcnorma]nucfpﬂfw Y
The relatrve constancy of (A — R)O wbmb;oodﬁaw(lwﬂ"m
reduced moderately has been d on already Bmmcwvg‘hm
cven perzuts to make exact quantitatrve prrdicucﬂ'ﬂd'(ﬁ”R())‘w
state of funcnon snce equanon (1) can be solved for (A—R)
cqmuw(‘l)'fhﬂlmnsthcprmoMydcﬁncdthoh
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- QO wul 10 1y mrrxp (1— 2
A—R)0 m pmolfml o Rar Tal! H)FFxP (1—Ey) (2)
When RBF 1 very small then (A ~— R)O will increase quite markedly even
% the sodnrm reabsorption per ml of blood ((1 — H)FF ¥ Py (1 —E3))
sunchanged. Qur expermment no. 10 Ulustrates this phenomenon which upsets
the grom correlation between QO toral and RBF quite markedly Further
cquatun (2) explams the large (A —R)O m incompensated heart disease,
ancr in ths conditon RBF is low and FF high (Mexmiie 1946) The very
Bimow (A —R)O found durmg albumm infusien alsoe fits Into equanon (2)
amee here RBF fs hugh and FF low (Baxkex f o. 1949) Finally equauon (2)
Pt to predict that no strict corredation can be expecicd to exst between
(A—R)O and FF unlen all the other variables are kept reasonably constant.
Thn lack of ngraficant correlabon between (A — R)O and FF was observed
by Dovr o & (1946) and abo m the present senes {c. Fig 2) On this ban
Dovx o of, refected the pomibility that the renal axygen uptake should be
on the amomt of filtrate t be handled by the tubular tnsue. Ther
cmchouon was probably wrong, a3 the proent data show that theare was a
hehly sgufieant correlation betneen aet axygen uptake and mdiom real-
*XPLan even though (A —R)O and FF vaned mdependently Dote of el
i not coemder the pombility of & basal axygen uptake.
Micflowses sbsoraiens ox renel tpes wplaks Canotie and Hicxeau (1919)

lnd(hmmﬂﬁum(l%l;hmrpub(}:hcddanunlhcotrgm
of the normal human kudney Ther sverage value from a total of 28 obser
Yo an be calenl to be 3.1 les/gfmm when ing a remal

“otht of 300 g From therr data for the glomerular filtration rates the average
:Iﬁmn m the ;me subjects comes at 60 weq/g/min asruming
PAw sodrum concentration of 142 geq/ml and a negligide sodium ex
eon. From these data in man a NametO rmuo of about 30 3 obtamed,
b almoy the same value 11 in the present experments an dogy.

Bovar o ol (1949) and CLanr and Banxen (1931, sudied the effect of
THahoes of renal PAH cxcrenon on reral sxygen uptak m nman They
E“]ﬂ‘:;gﬁummmmonbamm two parameters. Thi s m agree-
l;cquln.. ery nmall compared to sodium reabsarpuan. Similarly variatons

E\ﬂmw Iy M the posmbility of & !

e sodum tramsport and onc or mort of the other transport mechaniums
Eﬁmﬂm-mwwmm:mmmm
" may not p s require axdative energy -
dd;tryfm:rcmngohcruummnud:by&m;_md}lwmundﬂ

reoal axygen uptake in cheont  enal dieascs. In these dsemsed kidneys
'd"mwwmwbﬂmwmminwmmm
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uptake and m glomerular filtranan mte. This 13 10 agreement wath the proscat
hypothens 1f 1t is assumed that the weight of metabolieally actrve retal tmae
and hence basal oxygen wptake was also reduced roughly m proportua to
the reductton m glomerular filtration rate.

The resel ffiiency The mmimal energy required to form wme from plasm
ultrafiltrate can be caleulated by applying mmple thermodynamc comder
auons to the quantitatrvely umportant substances (vow Romxex 1901). Tha
mumimal energy constitutes only about 1 per cent of the total energy relewsed
by the oxidative metabalistn m the ndney (Bonsoox and Wrzaaroey 1531).
Thrs vatue of about anc per cent for the effaency of renal work 13 prpranty
low compared to that of the mmudles and moreover it was shown to vary
consderably (EcoLeron Parrexienas and Wixron 1940) In view of the
present hypothess thermodynamic caleulations of the mmmmal remal work are
mdcvmtnnmthcydnrcgudlh:uﬁﬂnﬁond‘m‘gmformm
reabsorption. Smee the present theory of remal work m based on the soocho-
metric conpderations formulated by Zrmasy for the frog sk the coneept of
a renal efficiency m the usmal thermodynamic sense of the word cannot Le wed.

The hypothexs that the net (suprab oo of the kudncy
ud d by and stocch scally related to active tubular sodnon reab-
sorptuom has been shown 10 be contstent wath a series of casmeal obarrvabas
om the oxdative metabolmm of the kadney It is of snterest m the eosedt
that the cxygen comsumptian of cxocrme glands other than the kidoy B

4150 best explamed m terms of active electrolyte tansport (U573

o al. 1960) i
comstan!

oxygen uptake (Table I1I) When stumulated tc ducharge

copsumption 1 supenmposed an the baal The supralasl o
oxygen conmumption mmst be largely used for the proorscs underhyTg

d‘udurgc.nnccxhclymhﬂnaf:uzymunndmbcr;pcaﬁcm\nﬂnﬂ;’h
at a relatnvely rate under all cand Inzh:g-l.md:ll:;l;c Jdoey
the 1 oxygen has been correlated wi m‘b‘m‘“’m

dynamie work mvohved m the ?cu'nnnm of a steyetory product -

fomue compontion from the ongmal plasme. A moumal glandubr
was found m this way

Such alculauons, hovwever dmguddn:uxygenwﬁd‘b"wcm
outward tramsport of dlectralyte (water followmg pannely) ,.m:;::p
the bass of the secretory procens according to modern CONCER u:ng e
fimcuon. 1f one calulates from data in the literature the ratho LT 20
d;urd)ummpon-ndmmygmmmpuunmnnmﬂ*
eMuency Is found to ary from 16 to 23 (Table 1V) fferenee

In 1958 TExROCX ¢f ol showed that the ATLETIOVEDOE cﬂ'r!l:!w_ﬂ
o the ted salnvary gland was 3—4 ponolfml. When &2 8 0oy
surmulated 1o vecrete the & oxygen difference deercased dT

v
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spproached that found i the kidney Woth the knowledge that glandalar
bood flow vanes roughly in proportion o secretory rate and that the secre-
tin fracnon” like the filtration fraction of the kidneys, is about 0.25 the
ohweratons of TarroUx of of can be explained on the bass of the concepty
developed 1 the present paper At hugh rates of blood perfosion the banal
axygen demands of the gland and of the ddney only contnibute insignificantly
to the av caygen difference. In both gland and kudney net oxygen deamands
dominste the wv axygen difference in this sinmtion. Net oxygen demand
per ml of perfining blood 1t determmned by actve outward (gland) or mward
(dncy) transpart of comparab! quantibes of electrolytes ongmanng from
secretion. or fitratuon fractions of the same order of magnitude.

The rato between active electrolyte tramport and net cxygen copmmphon
o the ndney nt compared to the ratios found in olber mntact organms and m
thr polated frog skm m Table IV Whether the diffcrence between the epe-
theflal membranes (fsofated or antact] are significant » diffieult to state, and
depends to somc extent on the accuracy vith which the busal oxygen con-
sumption of the membrane 15 determumed  The larger the basal uptake n in.
comparson to total uptake chrring mammal transport, the larger error may
wrne from an macearate d of basal baoliim. For these reasom
1l a3 yet ympomible to stat whether the stoechometnc efficency of the
dectrolyte rampoctmg mechanmm  anes from one epithchal membrane to
the other

Addudon . trogf Recontly Urer Lawex and | H Travwts (Blocheon. o Baopbms, Acte
7 malml)wmwmmmmnﬁm

) mdmu-.mmmm(wxmwh&
5, 1960 Kim Vixchr 37 6805 1960 Arch gea Physiol U7 72, 19G0) havo obisimed
womilar yrambs on the fnact cactoe kedney ms thoae preseicd fn the prosest peper
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From the Laboratory for the Theory of Gymnsstics and the Zoophysiological Labars-
tory Unhersity of Copenhagen, Denmark

The Contribution of the Distribution Factor to the
A a Po, Difference (A Correction)

By
Extixa Asvrnnx apd Marivs \rruex

1o recent publication on the alveolo-artenal g exchange (1960) we found
that the asteral oxvgen defiat in rest breathing ar was 0.36 vol  of whuch
the part due 1o true vevous admixture was found to be 008 vol / Since the
part of the A—¢ Po difference die 10 plete diff it can
be conndered to be meglgible the remamder of the asterlal axygen defiat
z—:xvd —008 vol; =028 vol 1n ar will be doe to the dntribution

The effect of the dsmbuaban factor on the A—a Po difference musn at
Sifferent Jeveds of alveolar Po, be proportioal 1o the change of slope of the
0 carve, 1o the second denvatve of this cunve. The cone
tribtion of the datribution factor 1o the arteral axygen deflat in the experk
Nt with 12, O was, therdore, esumated 1 be about 20 umes larger
then during air breathing 1. ¢ sufficent t cover the whale artenal 0 defien
212 0, By ths enimauon we unfornmately oveslooked the fact that the
fume diffe n il Iperfimwn rate d a smaller Po dif
ference berween th relatrvely hypo- and hyperventilated parts of the lung
U120 than 121 O, This 1 cained by the Gact that, due tr the shape
of the 0 -dmsocation cutve, & given relatne hypn enuhtion will d mnsh
the axygen uptake 1o the hypoventlated part of the | ng moce at 12 O
than a1 21 0, Corraxpondingly the oxygen opak b the hyperventilated
Part of the tung wifl nesease more at 12 O thanat 2l 0,

W bave exlculated the abveolar Po, and Peo, differences betwren relanvdly
byposenulated and fyperventibted pars of the lomg at 21 O andar12 O
n two cxves of umeven dmiribution. Tt was smumed that the vemtilaton #1 the
hypovenuiated part of the lung was reduced 10 30 of 1067 of the mean,
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.nd,mﬂmhywvmtﬂatﬂdput,incrnxdtol%‘{,orl%%hhﬂ:tbc
areul xined Tt was nvely d that the aheolar
gx tenmans were equal to the end pulmonary capillary gas tennom. Turther
1t was presumed that no regulatory changey in ventilaton and cireulaton
wok place at 12 % O The respectrve alveolar Poo, and Po, values were
dc(:nmncdulhoscthnt-]lcwuith:gmunh&ngtfmmwenmputdmm
the alveolt to equal the gas exchange from the alveol 1o the hung eapllans
1 each of the two parts of the limg while at the same time the total gas ex
change d The calcul showed that the Pe, difference
between the hypoventilated and the byperventilated parts of the hung in both
cases was 3.5 to 4 trmes smaller at 12 ¢, 0 thanat 21 ,, Op

The decresse m O saturanon, AS % of the arterial blood that ecours
when equal amounts of hlood from the relatively hypoventilated and the
rdatively hyperventilated parts of the limg are mixed can be expressed s

s
45 5 = }4P) +(7;,)P
where AP 15 the difference in alveolar Po, between the tv o parts of the lung
5
lnd(l—P)Pltheicmnddu-n‘luvcoft.bco dimocation curve at mear

alveolar Po,.
Since AP was found to be 3.5 to 4 umes smallerat 12 0 thanat2] o0
whﬂ'wﬂulcamddmﬂmofthcoxygmd‘mlﬂoﬂmm(mﬂtﬂi
Fl83Ammumd\ml%o)nzzumclugunfuﬂmmu!ﬂ
0,45 ¥ l’D‘ﬂlvlbO\nlSumuh:gcrlh;nllZl“n,O,.Aszbcpnnc{tbt
arteral O dcﬁutwh:ch\-uducmthcdmhnmf‘aurmfmmdwk
0.28 val  at rest breathing ar this factor wall wcrease to about 0.42 vol
at 12 ® 0, True venows admuxture (008 vol ) and uneven distributoR
(042 vol ) will, thercfore, contribute 03 ol 4 or 25 oftbc(oullﬂﬂ“lj |
defiat which at 12 Ouufmmdmbcl\d»,"l‘b:mxluuxpinﬁ-‘_;c
of the artenal 0 d:ﬁmmmbem\nnedmbcducmmhngdqﬂ'waﬂ-
Tung dfi for O calculated wnder the erroncous apmptot
thatat12° O lhcmunpand’tbcmm.]wygmdeﬁmwdueww
distriboton are consequently too logh
Byﬁtwmmnm(mumaymm:mﬂcuamcﬁﬂm

ent from al -eolar air to end eapillary
gdi\tr showed that a diffusion gradient actually exsts at 12 vo‘;-“l’m"
a}mhmdmcmmhmmdﬁmngdﬁmmmm sstribwt
1o the A—s Fo difference at low oxygen can, therefare, y

) Reference i st
porcos) £ mxd M. Nirummw Abeoloerterial qu cwheope 3t
Mo,mmw.-umwm—-lﬂ&
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