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SECOND COMMUNICATION
Y

Q. ROMIN awp W LOKHORST

1 INTRODUCTION

In & first communication, Roxox and Loxuozst (1959) gave
¢ brlef review of different methods of gus analysw, generally wsed
fn expertments on respiratory metabolism of man end animals.

The method based on thermal conductivity of respiratary gases
wis desexibed with its possibilities, its limitations and adaptations
to different conditions.

In recent years, bowever many detalls of the technique have
been impeoved conmderably whereas the method of caleulating
the results and subsequent calibration of the apparatus have been
modifled in order to facilitats the mterpretation of the disferometer

Purticulsriy the new method of ealibration increases the scouracy

of the data on respiratory metabolsm on mceount of ite belng
{ndependent of the respiratory quotlent.

2. THE DIAFEROMETER

Fmgvmlduu-lpﬂonnndtheﬂﬂicﬂbﬂkgmundufﬂ:a“dh
ferometer’ e refer 10 the above mentioned paper of Roawrx and
Loxnonsr in which the most important literatore has been ergti-
uﬂym&mmwmmmmegummﬂyhnbom
hnmdnctdl.ndmaybeund.untoodﬁom}'lg 1

1
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Fig 1
Gas supply to tho diafaromoter

The main differcnoe with the earlier method lies in the way of
purging the channels of tho measuring bloca. Tho reforence gas
(outdoar aifr) as woll as tho respiration gas 18 pumped into 4 open
tubes after removal of its water vapoar and {or) its carbon dloxide
The membrone pumpe (P; Pe Ty T%y) have a capacity of 4 hitres
por hour The gas, flowing through the channols of the diafero-
moter itself is withdrawn from the opon tubes with a speed of
2 litres per hour This modifleation proved to bo very satisfactory
on account of tho fact that the fow rate in tho chsnncls romains
much more constant being completely indopendent of meah size
in the absorption vessols, Morsover the ¢ neodlo valves (81, eoto)
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allow the adjustment of the indreidusl guo strewns i order to
:ompenntofncﬁtuhlamﬂdiﬁenmllnmktmaﬁbophﬂm
whret. Even conskleratie fluctuations of the total gas flow through
:Hdhiamnetndnnmhdnnotremhinadnngvefdmﬂa!
mtputﬁomdnhﬂsuhthewmdrymp!nﬂm
gas is compared with dry oatdoor alr n the Ordsferometer dry
COrfre respiration afr with dry COrfree outdoor air

Modifications of greater importance have beep made in the
-Hngdthanpw-tu?nﬁdnﬂthawbmmthubcm
elevated from 50 mA to 80 mA and the chemwsl sensitivity of
the t has therefore been { 4 congiderably (by sbont
56 per Cent.) According to Vissen (1037) the temperature of the
platiaum wire will be

t=20+33xTx 100=6" 8 C.

This temperaturs s low enongh to guarantes & heat elimination
mainly by condncton by the sorronnding gas.

It shonld be borne fn mmd that the milliamperemseter has been
shtnted in order to indicate directly the wire eufrent mstead of
the total bridge current. The battery &5 & 18 Valt sccumulator
which ha Loaded continuowly with & cmrrent of 190 md.

A very impoctant mprovement ix the method of messuring and
recocding the bridge potential. A D C. amplifier of high sensitivity
(Pye Cambeidpe) of the zero Indicatoe type with ranges of 10
100 and 1000 microvolts ¥ 8D has replaced the moving coil
gk The input imped fs about 1000 Ohma and
therefore hardly any curreat {s withdruwn from the bridge circmit
resulting fn & much higher sengitivity of the spparatus. The outpat
of the amplifier being 30 Volts for F.5.D in all ranges has been
Pt in seriea with a total resistance of about 8 k Ohms, of which
lk%mmm&hmwmmmmtydmndﬂﬂng
thcpotenmdmppernnnufwm(funsdonuftbo"m’).
Byme.mo[nluvndmnawhcbmdnnﬂhhlvwﬂuo(
mdmcatbnpotmtmampmnpueu{mmm@tput
can be fed into a 1 points millivelt recorder of the comtinmons
balance type. In eombh with the microvolt amplifier there

¥ of decresnng or in "
bridge in deeade or smaller aing the outpat of the
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Fig 2.
Wiring diagram of disferomoter amd recording system,

The printing outhine of the rceorder 18 adapted to the subject
under investigation in most cascs tho input numbers 1 5 and 9
oorrespond with tho signal from the COrdinforometer the numbers
2 6 ond 10 with the Oydinferometer the numbers 3 7 and 11
with the body temperaturo of tho nnimal under investigation
wherens the numbers 4 8 and 12 are spare inputs which may be
used for recording the environmental tomporsturo or humidity

3 CALCULATION OF RESULTS AND
CALIBRATION

Dofimtions  ACOy= Difforonce in CQy perecntago of dry resp
ration air and dry outdoor air
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40, =Differencs In Oy pereentage of dry catdoor
air and dry resplration ar

The teMgn slgaal (D C. output) fn the CO; disferometer is the
sum of the elettrio unbalances caused by 4CO; and 40;. However
{he thermal eonductivity of CO; at the wire temperature i 10.-
times that of Os with respeet to air (Roxarx and LoxzoxsT 1838)
and the total ontput can therefore be expressed by

BOLF-cop~ 400+ ﬁlfz-d()z
or approximately
EALF oy ~4C0:+01 402 ®)

In the Oydisferometer the earbon dioxide has been campletely
ahaorbed from the outdoor air as well as from the respiration air
and the bridge D 0. signal 1s therefore excluatvely the result of
& difference in Oy-percentage This dlfference is lower than AQ;
on tocount of the COrabeatption and & subsequent rise in per
centagn of the other gases. For outdoor air this rise may be neglected
but in the respiration air the O - perventage inoreasea by
% 02/100 x 4C04 or approxtmately by 0.20x4COs.

The bridge output may be expremed by

E3(Fop=40.—0 10 4CO0.. ®)
The correct figures for 4C0; and A can be caleniated from
(1} end (2} If the diaferometer bas been calltmated befarehand
with & gas mixtare of known compoaition.
d4CO3 =B Feny—01 BALFio40.. ACO,
or spproximately

4001=EMF.c0y~012 EMLF.p, 3)

A0;~EJF 9402 ACO, )
Incurﬁruwmmnnhlhu“hanﬂ:udyamphdmdthe

of respration gas for ealibration under physlologieal m-,ﬁ;ﬁ::

and ta avold fa any case the Introduetlon of
1 of the - bomb gases into the
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Buppose we bave a calibration mixture of

200 pCt CO; 1800 pCt O, and 8000 pCt Ny
ACO;=200—004=1190
A03=20 04— 18 00 = 2.94

According to formula (1)

EMLF (coy~108+0204=2 254
and to formula (2)

EDLF 0y=204—02x100=2 548

Thanhs to the pomeibility to adjust the Span of both dis
ferometors the millivolt record for the EMLF (COj) can be made
to correspond with 228 4 mV and for the EALF (0y) with 254 8 mV
Under the above mentioned conditions each 001 per Cont COs-
surplus or Ogdeficit corresponds with 1 mV deflestlon on the
recorder

Necdleas to say that calibration with such a ges mixture should
be porformed with the positlon of the low resistanco switch in
step }

Reoaloulation of 4COs and AOs with the formulas (3) and (4)
gives

ACOy=2254—012x 264 8=1 953
AOy= 264840 2x105=2 04

Callbration of the diaferometer acoording to the mothod do-
soribed makes the mnstrument & gas anclysor insofar as the
recorded EMLF can bo interpreted directly into perocntages COs-
surplas and (or) peroentages Op-defloit of the gas in tho channcls
of the moasuring bloo. The correot composition of the gas mixturo
boforo entering the apparatus can be caloulated by application
of the abovementioned oorreotions.

The COs-production aa well as tho Oy-consumption of tho subject
under investigation can be caloulated from the 4CO: 402 and
the total ventilation per unit of time (V litres/min)

In the case of a respiratory quotient of 1 00 the Oy-oonsumption
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mhvute emounts to V x 402 and the carbon dioxide prodactian
:Vxﬂm.,mmKQ of 199 1 an exception. In geaeral the
R.th'erthlnlwlndthan-nﬂhﬁcmt&lenﬁ:gfhhex
pcrlmmlllmhnﬂhtherefmtmﬂkrinvu&mthmlhafrﬂh
Lhmpﬂhdw&ombpd.%umluinarhodthndhm
mtmtdtbunrpbﬂhnmnbonthooutdourﬁgmﬂsm
per Cent) 1n the above mentiooed example of calibration, the
sitaation is as follows

outdoor afr 004 pCt. CO; 2004 pCt. O 7902 pCL N
respiration air 00 pOt. €0y 1800 pCt. O 8000 pCt. Ny

If therefore ¥ litres/min loave the respiration chamber or mask
uthalun@lthumndmmlmcnntcf:z———nguuufmlnuf
fresh air wers supplied to the subjrot In the sams wnit of time.

The Ocopsmmption may be caleulated therafore as

8000 2001 _ 1800
e X Vo —_—
(190:" ST m)l“ﬂ”

002004 1300)
WO02x100 100

and to the correct figurs for 404 & factor ahould be sdded to open
the possfbility of multiplying direetly by ¥V This correction factor
dzymisnntbsmlgnitw&ne(&e&(}.mdhmnﬂyh&e
rare easo of an R.Q =100
In genersl, the pereentage of Op by which the ventilation rate
(V Jfmin) should be multiplied to find the total Opconexmption
L greater than 40; and we thoald Yike to Introducs the name of
“metabolio oxygen defieit for this fletive Oydeflat,
In our example the “metabollc O;defiet™ amomts to
80 00
o730 41800350 per Ceat,

and s coneiderubly higher than the actual Oy-defieit (40~ 2.04)
It-hm!dboempbldtcdﬂn.tfmmmuhahmmbom
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oxperiments & perfeot knowledgo of the R Q is absolutely neecs
sary in tho case of a calibration proceduro as described above and
in sll other mothods of analysis in which the total procentual
composition of tho respiration pas ia detormined 3oreover it
should be borno in mind that the ventilation rato as indicated by
n gea moter or flow rator in tho stream of respiration gas must bo
correoted to standard conditions (0 C 760 mm Hg and dry)
Neodless to sy that a carcful calibration of tho gas meter or flow
rator is of tho samo importanco as it is for tho gas analyser

Tho caloulation of gna exclinnge would Lo simphfied and shortened
if the diaferometer could Lo ealibrated dircetly in  metabalio
Ogdeficit instead of the true deflalt in auch a way that the

span  ahould bo adjusted to an ¥ MF (0O ) corresponding with
370 m} instend of 254 8 mV as 1n tho above mentioned example
of ealibration

Tho ratio metabolic O;defiait  to  truo defieit i therefore

320

254 8

quite independent of the CO; production and Oroconsumption of
the living subject (Table I)

=1 25 and it can casily be proved that this ratio 1s a constant,

Taswn I

TrusOsdeflert and  Metabolic Og-deficit at different lovels of Ogconauimpion
1 entilation rate=100 I/min

c}’*’““‘f‘; Truo Metabalio Ratlo
1/min ° og: Os-defloit Oulofleit 3MD/TD
010 *078 010 0% 1.8
0.50 05 040 050 1.5
100 014 080 100 125
200 1033 101 .00 1.5

From Tablo I it becomes olear that o calibration of the Or
diaforomoter In  motabolioc Opdoficit is completely justified and
1n this now mothod of ealibration tho number of millivolts Indlcated
by tho rooorder should bo 25 per Cont higher than the figuro



TMPROYED (4% ANALYAR DN METABOLTO IXFIRIXTITY ]

tothe ‘true” difference in Orpererntage of the grses
fa the teferenion and detection channels of the diaferometer
ﬁemmlnthoucondnlﬂ:n:hlhthenfom 125 %
EILF oy of the fimst ealfbration Both types of calltmation ean
therefore essily bo cotipared.

For calenlation of total COrprodustion the “metabolic COx
wurplus  may be considered equal to the “troe COpeurplus” on
acconnt of the very Jow COrpercentage of fresh omtdoor alr

The formulas (3} and (4) should undergo » slight modifieation
for adsptmg them to the pew oalitmation

012

Metabalio COrsarplas=EMF 1oy~ 15~ EALF.09

Metabolio COpsurptes=EIF.coy—01 EXMF.oy (5
Metabolio Ordeficit = EILF 10 ®

The “metabolio COgeurplus™ and the metabolic Ordeflat” are
therefore fictive petoentages of these gases by which the total flow
(v Ifmin) should be multiplied to find directly the total COp-
production and the Osrcomsumption of the subject under invest]
gution.

A correction for R.Q {x no Jonger necessary and the ealculation
of results ix therefors considerubly facilitated.

During the metabolis experiment the deflection of the recorder
gives immedmately s quantitative pleture of the O-consumption
(V remaining constant) and the figare for the R.Q can be quickly
oslorlated from both records at any tlme of tho experiment

The Introduction of the span  at the ons side and the metabolic
823 peroentege” on the other has therefore conslderable advantages
over the proced Iy used in metaboll h with
the disferomster

4 CONCLUSION AND FINAL SUGGESTIONS
Both methods of ealibration of the disf have their

wdvantages and disdvantages the first method makes the appe.

ratus & gas snalyser thonghnotrith-bm}marpudﬁoﬂy the
»cond method modifies the diafe to & respiro at

leaulnu:mhlmﬂmvh.hamihblogumurﬂavntm—
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oxporiments a perfoot knowledgo of tho R Q is absolutoly ncoes
aary in the easo of a calibmtion procedurc as describod above and
in all other motliods of analyms in which tho total procentual
compasition of the reapleation gung ia detormuned Morcover it
should be borno in mind that the ventilation rato s indleated by
o gas motor or flow rator in tho stream of respiration gas must bo
ocorreoted to standord conditions (0 C 760 mm Hg and dry)
Neodless to say that a careful eallbmtion of tho gas moter or flow
rator is of tho eamo importanco as It is for tho gas analymer

The calculation of gas exohango would be aimplified and shortoned
if tho diaferometer could bo calibrated directly in  metabolio
Osdoftert  Instead of tho true defieit In sach & way that tho

span  ahould bo adjusted to an EMF (0s) corresponding with
320 mV instead of 264 8 mV as in the sbove mentioned examplo
of calibration,

Tho ratio motabolio Opdofleit to true defielt is thoreforo

0
:;08- 125 and it can enajly bo proved that this ratio Is a constant,
quito indepondont of the COs-produotion and Os-consumption of
the living subjoot (Tablo Ij

Tanun 1

Trues Ov-deficit” and  Metabolio Ox-deficst atdiffersnt lavels of Os-consumption
Fentilation ratom100 l/min

Or-oan. %m"‘;mt Truo Motabalio TRatio
Ymin ° C;: T Opdoflcit Oy-dlefloit AD/TD
0.20 20.78 3 020 135
050 20.54 040 0.50 125
100 *0.14 080 100 135
200 1033 101 2.00 115

From Tablo I 1t booomes clear that a oallbration of tho O,
dinferometer in  motabolio Osdeflart i complotely juatificd and
in this now mothod of calibration the numbor of millivolta Indieated
by tho rocorder ahould bo 25 per Cont higher than the flgure
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to the “rus” difference fn O percentage of the gases

hthomfm:nidﬂmtbﬂuhmndlu!thedhfuom:tn
nawmmmmmmum«erm 1.25%
EJLFpgdthcﬂ:dnﬁhrnﬂomBothmuo!mlﬂrltbnun
therefors enaily be eompered

For calealatlon of totsl COyproduciton the metabolis COx
wrplua mlybuconndartdcqultathe“mccormr(dm on
lmountuftbenryhvcofpemu{;eoffrmbmtdmrm

The formulas (3) and (4) should wndergo » alight modifieation
for sdapiing them to the new esllbration

1
Sfetabalto COpsurptny~EMLF coy —‘—:33 EJLF 5.
Metabolis COrurptas=EALFoog—01 EXF.0y  (8)
Metabolio Opdefieit ~ EALF 0. (6

The metabolle COpsurptus™ and the “metsbalic Ordefleft™ are
therefore flotive perventages of these gases by which the total flow
(V )Anin) abould be multiplied to find directly the total €0x
production and the Orconmmption of the eubject undee investi-

A correctlon for R.Q is o longer necessary and the el
o{mnlu::thurfm conniderably facllitated. lation
During the mitabalio experiment the deflection of recorder
gives Immedistely & quantitative pictmu(tha(}r:;smptbn
{V remaining constant) and the figure for the RQ <an be quickly
n}mhxedfmmbothrecord-nlnytﬁmuftbeexpumg
Tbc(nuvdntﬂa\ofm“rpn":tmem.ﬁamdthgﬂm.m
£24 perventage ont.haotborbuzhcm(cnnndduibhtdm
over the proeed ',medln—-‘l'm,mh
the diaferometer

& CONCLUSIOY AND FINAL SUGGESTIONS
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oxperiments a perfeot knowlodge of tho I Q is nbsolutely neces
sary in tho case of a ealibration procedurs as described above and
in all other methods of analyms in which the total procontual
compasition of the respirntion gas 15 detormined Moreover it
should be borno in mind that the vontilation rto as indicated by
a gos motor or flow rator in tho stream of respiration gas must bo
correoted to atandard oconditions (0 C 700 mm Hg and dry)
Necedless to say that a caroful ealibration of the gas moter or flow
rator is of tho samo fmportanco ns it is for the gas analyser

Tho calealation of gas oxchange would be aimplified and shortened
If tho diaferomoter could bo calibrated dirootly In  metabolio
Osdoftart  nstead of the  truo deflelt  in such a way that tho
apan  should bo adjusted to an ¥ M F (O,) ocorreaponding with
320 mV instead of 254 8 mV ax in tho above mentioned oxamplo
of calibration

The ratlo motabolic Og-dcfloit to  truo deflelt s theroforo
5403-1 25 and it can casily bo proved that this ratlo is a constant
quito Indopendent of tho COpprodustion and Os-consumption of
tho lving subjeot (Tablo I)

Taprz I

‘Trus Ovdefictt and Metabollo Ou-deflest ai differcnt levels of Og-consumption
1 entilation rte =100 Iimin

Or-content

Oh-o0ns, “Truo 3Metabolie Ratio
YYmin of cogu. o0 | 4, doftoit Osuihetloit MD/TD
0.20 2. 8 016 00 13
080 2084 040 000 1.28
100 3014 040 100 1.5
200 1033 101 2.00 125

From Table I it booomen olear that a ealibmtion of tho O
diasforometer in - motabolio Ox-doflcit i complotely justified and
in this now method of calibration tho number of millivolts indicated
by tho rocorder should bo 25 per Cent higher than the figuro
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wabiects, and does not contain traces of aleohal volatile fatty acids
ar acetone. The expintion air of ruminants is not an adaequate
calibration gas on account of it content of methane or even
hydrogen.

SUMMARY
Bome tropeoveents of p--mlyd:hm-bnlhup-ﬂnnmhwbn
deseribed, more particularty in wsing methods, bhesed oo, heat conductinty

o{Lhnruq:kuury‘—-(th-mtn)
The caleulation of the total gaa exchengs of tho living kubject cond be
wd by cal ing the gas analyver as & Taapirometer
introducing the term “Metabolic Oxygen daficit and “Olstabolis Carbon
drride mrploe”

REFERENCES
Raxox C oand W Loxxoxsy Aete Physicl Phanmesol, “eerlandies 33
137 181 (195%).

Voers, B F Clioical Gas Avatyss, bused o Thormal Concuet
(Thesia, Utreeht, 1967} i
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Of course Loth methods make tho apparatus suitablo for con
tinuous recording of the gas exchange of a living subject partiou
larly in long term experiments in ease of calibration as & gas
anolyser the caloulation of results 18 moro laborious then it is
nfter the sccond enlibration as a respirometer Tho diaferomoter
however has been introduoced originally as an apparatus for de-
termining respiratory metabolism 1n man and nnimals wo prefer
thereforo tho appropriato enlibration introducing the terms  Mota
Yolic O-defieit and Aletabolio COz-surplus

For convenionco of research workers in lnboratory or chinio we
would proposo tho following procedure of accurato calibration or
recalibration
1 Colleet an amount of expiration gas in a rubber bag
2 Dilute the gas with air till the COs-content of tho mixturo will
bo 08 por Cent approximately

3 After thoroughly mixing o samplo should be anaiysed chemioally
in o gns analyscr of the Haldene typo

4 Bupposc the gas composition is 084 9%, COs 1004 % O; and
7022 % Ny

5 Tho metabolio CO;surplus is 084—004~=0809,
The motabolio Og-deficit is

125(:004__5’%.1)- 126 (2om~ﬂ‘ﬁ)-1o4%
100 — 9,C0: 99 16

6 Tho ges mixture should bo presonted to the diaforometer after
running the instrument with outdoor air to adjust tho zero
recording

7 Adjust the span of tho Osdinferomoter in order to fix tho
recorder deflestion on 104 mV (6)

8 Adjust tho span of the COs-diaferometer in order to fix tho
defleotion of tho rocorder on 80+0 1 x104=004 mV (5)

It should bo omphasized that bomb gases must never bo used
in calibration of n dinferomoter on aocount of their relatively Iugh
content of inert gasos with heat conductivitics considerably di
vorgent from that of air Expiration gas {s the moest phyniologieal
medium for callbration provided it has boen taken from healthy
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sabjects, and does not contain traees of alcohol, volatils fatty acids
or acetone The expiration air of r is not an sdaeg

calibration gas on account of its content of methans or even
bydrogen.

SUMMARY

Bome fmprovement  of gas snalysis n owtabolls experiment hs o been
domeribed, more partioularly tn weing motbods, basd on heat sanducthvity
of the reepiratory gases (diferometer).

The ealculation of the total gas exchangs of the living subject conld be
shartened and simplified by oalibrating the gas anslyser as & resplrometer
tntrodoeing the torm “Alstabollo Oxygen deflert  and “Metabolis Carbon
ditride sarplos

REFERENCES

Rowmx C. and W Loxmomar Arts Physbl Phermmool. Xesrlandics ¥
137 151 (1959).
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Of oourso both mothods make the apparatus snitablo for con
tinuous recording of the gns exchango of a living subjeet, particu
larly in long term experiments in oaso of calibration as » gas
onalyser the caloulation of results is more Inborious than it s
aftor the second calibration as a respirometer The dinferometer
however has beon introduced ariginally as an apparatus for de-
termining respiratory metabollam in man and animals wo profer
thercfore the appropriate calibration mtreducing the terme  Mota
bolic Ordoficit and Bletabolie COs-surplus

For convenienee of research worhers in laboratory or elinio wo
would proposo tho following procedure of accurate calibration or
recalibration
1 Collcot an amount of oxpiration gos in a rubber bag
2 Diluto tho gas with alr till the COs-content of the mixturo will
bo 08 per Cent approximately

3 After thoronghly mixing o samplo should bo analysed chemically
in a gas annlyser of the Haldane type

4, Supposo tho gas composition is 0 84 %, CO; 10 84 9% Oz and
70229 N,

5 The metaballo COssurplus 18 084—004=080%
Tho motabolio Og-defleit is

o
125(2004—‘_(“’_"_@’_ - 125(2094_1_"91)-104%
100 -9,C0 9018

6 Tho gas mixturo should be prescnted to the diaferomotor after
running tho Instrument with outdoor air to adjust tho xero
recording

7 Adjust tho apan of the Oj-dinferomoter in order to fix the
reecorder defleotion on 104 mV (6)

8 Adjust tho span of the COydinforometer in order to flx tho
defleotion of the recorder on 80+0 1x 104=00 4 mV (5)

It should be ompheaizod that bomb gases must never be used
in calibrtion of a disferomoter on aocount of their relatively high
content of inert gasce with hoat conductivitics considerably (i
vergent from that of airr Expiration gas is tho most phyatologi
medium for caltbration provided it has beon tahen from he.
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mb}ceh,mddaﬂnotwntdntnmufdmhanhtﬂefntyndda
or acetone, The expiration alr of rumi is not an adaeg
ealibeation gas on secount of ita content of methane or even
hydrogen.

SUMMARY
anhpwwmﬁhdp analyvle tn metabotio experbments have been

grses

mmammuwmdmmwwh
shortened and simplified by ealibruting tha ges acalyser as & respirometer
Introducing the term *Motabolie Oxypen deflext™ and “Mstabolle Carbon
irxide warphos™

REFERENCES
Roxtiw C. and W Loxmonsr Asta Physiol Pharmesol. “eerlandios §
137 181 (1939).

Vpety, B. F  Clmicsl Ger Analyss, bassd on Thermal Conduetivity
(Thesls, Ttrecht, 1957).
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MOTILITY OYCLES IN THE STOMACH
OF THE FASTING DOG

BY

J R. ROBORGH

In recent years somo radio telemetering devices wero developed
to reguster changes in presure n the animal body (FArRRAR and
BrErNsTEIX 1008 Farran BERrnEy and Zworvkmv 1060 Cox
XELL and RowLAXDS 1060 Syytnm and Worrr 1960 Syrrr and
Rrpaway 1061 1002 Mackay 1001 Warsox Ross and Kay
1602 Ross Watsox and hay 1003) In order to investigato tho
potentialities of thia new mothod we performed o short serics of

experimonts on dogs
1 METHOD

The apparatus used consists of o 23 x 0 mm capsulo containing
a pressuro-sensitive transducer and a radio cmitter as descmbed
by S:oTo and Ripaway (19681) and manufactured by Solartron
Ltd. Tho radio signals aro detected by a recoiver and permanent
recordings of tho pressuro changes in tho animal body aro regustered
by o strip chart rocorder Beforo each oxperiment tho capsulo is
calibrated by submersion at differont dopths in water at body
temperature. Thus a calibration traco of tho responses to vanous
pressures is obtafned

When testing tho method wo restricted our oxperimonts to tho
stomach Thorofore wo atchored the capsulo—aleo called (endo-}
radio probe or rndiopill-by means of a nylon thread (03 mm in
diamoter) which wns ccmented eontrally to tho battery ond of the
capsulo

2. HANDLING OF THE DOGS

Consclous light weight (0-11 hg) crossbred fomalo dogs wero
nsed. As the radio probo is very sonsitivo it is neccseary that
during tho experimental period sbout 8 to 7 hours in our cases

1
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'_beamm}rh\gfunynhxcd.ltgmvltboutny{ngthdh
takes rather long training to accustom them to do 0 Four dogs
were tried, two of which, aged half & year and three years re-
spectively pmred{obeco-opanﬂvotomwanhhlngdeme
In oll experiments reported here the doge were fed till § pan.
of the day preceding the recording day On the maming of the
mmrdtngdqthedo@miniectedlntnvxmamlyﬁthO}mluf
» preanesthetio eontaining only 2 myg of acetylpromaxine bimaleats.
Aboat 10 mingtes later the dog was lightly nareotized with ether
In the meantime the nylon thread of the rudio probe was drawn
throogh the lumen of & thick-walled plastle tube with an outer
diameter of 8 mm by means of & bodkin Then it wus possibls
to push the tube plus radlo probe down into the stomach of the
dog by pulling alightly at the free end of the thread, thus straight
ening the tube and the erected probe at its foremost end. When
the tubs was afterwards pulled back the probe sometimes followed
the tube s little upwards but this cansed no trouble at all as
the dog swallowed the probe further down into ita stomach as
%007 as ft recovered from the narcosis. The nylon thread was led
t1a the comer of the mouth and tightly fastened to the collar
Of course the Jength of the thresd is critical for each dog We
have reason to believe that durmg the recordings the radio probe
tremained {n the pars pylorica TWhen the probe was properly placed
and anchored the now comacious dog was laid down o its right
wde in u tited wooden box (meewuning 83 x43x 41 em) placed
o0 u table in snch & way that the dog wus easly acoomible
Thres aerial koops smrounding the box lengthwise bresdthwise
and depthwise were connected with the ecomplex radio receiver
by means of & switch. In practice one and the same serial eould
be naed dunng the recordings, but sometimes one of the two other
aerials gave o stronger aignal

3. RESULTS

Probably due to the preanesthetio and the ether narcosiy the
showed less apecifio tracings doving the Sret two howrs,

After that time however typical motility eycles appesred, con
sisting of pedod:o{lhmntmmpkhmtdur\ng:hout

14 bours alternating with periods of sirong contraetions of about
*0 minuten.
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The recordings of four representative sossious, covering 1233
minutes of obsorvation of tho sane dog under identieal conditions
showed o total of 220 minutes of contractions, or 10 per Cent of
the total recording timeo (aco tablo for dotails)

TanLe 1
Tume relation between reat and contraction pervods

obmeration  periods of rest Deriods of

reoording dato timo {min) contractions
(min)
AMarch 26, 1964 10 .5 nm 0l 18
to 4 186 pan, 10* 1
104 18
April 15 1084 1113 am. 103 3
to 3368 pm 118 17
April 27 1964 1038 nm o 20
to 418 pom. 103 2
01 7
Juno 30 1964 1120 aum. 131 “0
, todpm [ 37
mean valuo: 106 n
standard orror of tho mean: 84 + 21

During tho quicscont poriods tho stomaoh showed practically
no movements at all or only slight and regular ones. Tho respiration
proved often to be the only cause of doviations from tho baso line
on the rocording paper corresponding to only about ono om of
wator prossuro,

In tho courso of n oontrnotion period howover some tons of
preesure exoursiona osourred indicating proesures of 60 to 80 em
of water and somotimes surpassing tho 100 em lovel It is inter
esting that nlthongh tho dog was domng or alooping moat of tho
timo in its box it nover woko up or roacted at tho suddon onmset
of the oontractions nor during thoso perlods

Our cxperionce with tho other dog wns of oxactly the aamo
naturo in all respoots

4 DISCUSSION

It was surprising to learn that in rocont literaturo data con
ocerning tho oyolio naturo of the motility of the stomach in the
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f igmmmmhﬂuﬂmcﬁm&u&mmmm
ax far a3 halfa centary ugo however we encountered & magnificent
ard elabarste study on the gestrio motility of the fasting dog by
BoLpraryr (1008, 1911) & pupdl of Pavrov This aathor stadid
the motility snd the mecretion of the h and dupderum in
mmeﬁmuplmﬂyﬁntnhteddcpmwhhh-baﬂmnconnccud
to a menometer bad been inserted vis a fistuls. He stated that
the stamach ahows intermittent contraction periods after the d!
gestion of the last meal, The contrastion periods, laating 20 to
30 minvtes, altermated with periods of rest of about two hows.
This eyehie behavionr could be malntained soveral days, after which
it beeamo more irregnlar and falmter

1t ix elear that our observationt are in fair sccordance with the
well-docomented experiences of Borpyrerr although distinetly
different methods wers used.

Gastrio motility oycles of the empty stomach of same other
animaly have been reported. Aloxrmox Lrv Eoxmr, Vax Irarnm
and Maver (1958) described & cyclio pattern with & petlodicity
of 16 to 20 minutes in rats, 8gamsa Awawp Do and Stxon
(188]) workmg with cats and monkeys mentloned contraction
periods of 20 to 30 minutes alternating with quiescent tervals
of 15 to 20 minutes.

The bursts of oontractions of the empty buman stomach are
known as bunger contractions and there are considerable differ
ences of opinion concerning the correlation between thess con-
tractons and the feeling of humger pangs (HorLym, 1060} Pryrox,
Bmerudem‘nx(lN!)md]odthhmﬂtﬂlnhnlthy
Foung men, using three different methods, incloding the pressure
sensitivo radio probe. They found no relation between the intensity
of lnmger reported and the frequency of gastric eontractions, whilst
thefr findings strongly suggest that the gastrio balloon can sctivate
gutrle contractions. The latter conclusion is In sccordance with
the experiences of Horraxw. The use of « balloon is also exiticired
by otber authors beeauno 1t could give rise to so-called tetanuy of
the stomach. Jaura (1057) stated that tetanms of the stomech
& probably n artifact.

hmnmﬂonrhhthcob}tctbm-;ﬂmt&nb.ﬂommgbod
mw'm“w‘iw‘n‘wmﬂmhwd
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our observations with tho reenlts of BoLDYREFF who used the
balloon mothod.

With regard to tho results of Pevick Sintm WieXERE and
Hrenrz it may be doubted that they obacrved real hunger eon
trnctions as they stated that these contractions occurred only
alngly or occamonally in groups of two or three and that thewr
subjecta fasted for only & hours. In the two cames of tho 20-hour
fasts of two subjeots they may casily havo missed tho bursts of
contractions Lecause of the relatively short timo of observation
(2 hours} for FARRAR and BERNSTEIN (1058) observed long periods
of completo quicscence somotimes lasting for more than two
hours.

The radio prolbe may Lo considered as a valuablo tool for the
study of gastro-intestinal phvsiology A scrions drawback however
Is the relatively short Jife of tho battery (nbout 30 hours) tho
moro s0 a8 reviving of the probo by roplacement of tho used battery
proved to be o delicate job

3 SUMMARY

Tho notility pattern of tho stomach of tho fa ting dog was studied by
means of a radio probe Tho stomach of the fasting dog exhibits regular
periods of strong contractions lasting about *0 minutes, nhich alternato
with portods of almost complete rest during about 13 hours,

Tho obscriations resemblo eloacly the results of an extenave study of
BoLpyrerr (1905 1011) who applied tho balloon mothod per fistulam.
Tho strong smilanty of tho results obtained by tho two different methods
is stroseed.

As far a wo know thia fs tho first teport on the motility pattern of the
empty stomach of dogs recorded by tho madio probo method,
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our observations with tho resnlts of BoLpYREFF who used the
balloon mothod

With regard to the results of PENIoR Syrrm Wiexmre and
HrxkLr it may be doubted that thoy observed real hunger con
tractions as thoy stated that thoso contrnotiona occurred only
smngly or ocoaslonally in groups of two or three and that their
subjects fasted for only 5 hours. In the two eascs of the 20-hour
fasts of two subjocts they may casily havo missed tho Lursta of
contraotions Lecause of the rolatively short timo of obsorvation
(2 hours) for FARRAR and BxrNsTRIN (1058) obsor od long perfods
of complete quicsconco somotimes lastmng for moro than two
hours

Tho radio probo may bo conaidered as & valuablo tool for the
study of gastro intestinal physiology A acrious drawback howover
is tho relatively short life of tho battery (about 30 hours) the
more 8o as reviving of the probe by replacoment of the wsed battery
proved to bo a dolicate job

5 SUMMARY

Tho metllity pattern of tho stomach of tho fasting dog wae studicd by
means of a radio probo Tho stomach of tho fasting dog exhibits regular
periods of strong contructions lasting about ®0 minutes, which alternato
with poriods of almost completo rest dunng about 1§ beurs.

Tho obeorvations resemblo clowly tho rewlia of an extenshvo stmdy of
Boroynerr (1008 1011) wha applied the balloon mothod por f1 tulam.
Tho atrong similarity of tho results obtaincd by the two dilferent methods
is streemcd

An far as wo know this i tho flemt roport on the motlility pattorn of tho
ompty stomach of dogs recorded by tho mdio probe mothod.

ACKNOWLEDGEMENT

Our thanks are diro to Dra. F J 8pruit amd his group frr buld ng the
recciving cquipmont and to Mr A. van Eklik for his slaliful and pationt
amistanco.

REFERENCES

DoroYrerr W Arch. dos Boicneos Blologuues, St. Potorsbourg 115 1-187
1008

———i— sz L Asher und K. Bpiro, Frgobnisewo dor Physiologios Ed. Vorlag
von J F Bergmaon, Wimbaden 11 1.1-21 (1811)

Coxymrz, A M and EE N Rowrawps, Gut 1 260-272 (1060)

Fanaar, J T and J 8 Brmugrsoe Gastroenterology 3% 603-81% (1038)

——— C DBxrxixy and \ k. Zwonrxmx Beonco 1315 1814 (1990)



MOTILIYY CYCLES 1Y THR STOMACH OF THE FANTING DOG 17

Hooore, ¥ Belencs 132 $41-843 (1960}

Jawrs, A B, Monogrepha of the Phyriclogrcal Socity bo. 4 London.
Ed L. E. Bayles, W Feldberg, A. L. Hodgkin, 1-18* (1937).

JMacxay R. 8, Scienco 134 1196-120% (1981).

Moxpmox, 8. D, H J Loy, H. B Bexxt, T B vax Yxarire end J Mavxe,
Am. J Phydel 193 4-% {19a3).

Powr, 8. B, G P fare, K Wme 7 and L E. Hooox sa, Am.
J Thysiol 205 411428 (1583),

Rows, B, B. W Wairsox end AL W Far Gut 4 T7-81 (1963)

Bwamxa, £ B K. Axaxp 8. Dca nd B Bovow, Am. J Phywiol. 201
0-098 (1001).

Burrm, A. N sand M. Rmoway J royal Coll Surg. Edinh. 6; 193-198
(1981}

~——m and Gut 3 388-371 and 371-374 (1981)

Sxrre, C. N\ and H. B. Wourr Lancet 2 412413 (1960).

Warso¥ B.W B. Ros nd A, W Rir Out 3; 181-188 (1943).




16 7 M. ROBORGE

our observations with the results of BoLvyrerr who used tho
balloon method

With regard to the results of Pawick, 8mrrmr Wienexr and
HIXELA 1t may be doubted that they obsorved real hungor con
tractions as they stated that those contractions ocourrod only
singly or occasionally in groups of two or thros and that thelr
aubjocts fasted for only 5 hours. In tho two cases of tho 20-bour
fasts of two subjocts they may easily havo missed tho bursts of
contractions becauso of the rolatively short time of obscrvation
(2 hours) for FARRAR and BERNSTEIN (1958) observed long periods
of completo quiceconco somotimes lasting for more than two
hours

Tho rndio probe may bo considored as a waluable tool for tho
study of gastro-intestinal phyarology A serrous drawback however
15 tho relatively short life of tho battery (about 30 hours) the
moro &0 a8 roviving of the proboe by replacement of the used battery
proved to bo a delicato job

5 SUMMARY

Tho motility psttorn of tho stamsach of the fasting dog was studied by
means of n radio probe Tho stomach of the fasting dog oxhibits regular
poriods of strong cantractions lasting about *0 minutos, which alterpate
with periods of almost comploeto rost during about 1§ hours.

The obsorvations rosemblo olomoly tho results of an extonsive study of
Bornyreyr (1805 1811) who applied tho balloon mothod por fatulam.
Tho strong simularity of tho rosults obtamed by the two different moethods
in stressed

As far aa wo know thia s tho first roport on the motRity pattern of tho
empty stomach of dogs rocarded by tho radio probo mothod

ACKNOWLEDGEMENT

Our thanks are duo to Dra. F J Bpruit and his group for building tho
recolving oquipmont and to Mr A. van Eldik fo hw skulful and pattent
aseletanco

REFERENCES

DoLpYREFFr W Arch. dos Sciencos Biclomques, Bt Potorsbourg 1t 1-187
19058)

¢ In L Asher und K. Gpirs, Ergobnimo dor Physiologio; Ed. Vorlag
yon J F Bergmann, Wicsbaden 11; 121-217 (1011)

Coxwrii, A. AL and E. N Rowranps, Gut 1 200-272 (10680)

Pameaw, J T and J 8 Bxwwwrxrr Cestroontervlogy 35 603012 (1058)

e C. Danxtsy and V K. Zworyxor Bolence 131 1814 (1980)




mmnmmmm 19

Besidea primarily determined by factors such s Intensity
dwhmgndmmlcrpnb&hnd&odhﬂulhﬁhm
are ¥mown to be strongly influenced by “central factoms wach as
alertness and attention level arousal apd interaction between
different sensory chanvels, and in the lagt few yearn several In
veatigators and groups of investigators have studied these infln
unca.thu:lntmdnclngcvmmmnrhhluvh}dl.mmerdn
not eeadly Jond themselves to quantitative treatment if, Indeed,
ﬁwyanbede&ned\t;ﬂ.hvhvcftbhﬂﬁbucﬂyn.mttafut
mﬁuthnhhﬂamh,mlvdxﬁuhgopmmmbddmd
eonflicting conclusions have been drawn notably as regards the
Infloence of attentivenes? on the amplitude of some mors ot
lews athrtrarlly chosen element or clements of the respornse

In the experiments In question tasks of various types have been
ured to {ocus the mubjects attention on the stimuli or to draw it
away from them.

Flash-counting tasks wers given by Joover (1957), vax Hor
o ol (186.) Fasox (1864) Guremeso-Frureos (1984) other
taaks desfgned to keep the subjects attention focuwed on the stimulf
inclods vigilanes tasks whetw the subject ja to respond by pressng
e key to elightly dimmer aignal flashes randomly fnterspersed
botweon standard flashes (TlapEs os. 1064 Sro¥o cs  1065)

“Distractive™ tasks intlode performing mental ealenlations
Jagver Le. Gamcfa-Aumrr 1084) and foeusing the attention on
stimulj of a different modality offered isoperiodically with the
flashea (Qurmrro-Fravxro, Lo, Garola-Avstr le) A differ
ent type of task Is given by SuTTo< (1064) the xubject i to goes
what the modality (visual oc avditory) of a test stimulus given, st
» fixed interval, after o cuelng stimulus i going to be,

Most gathoes (Jouvet, Guerrero-Figneroa, Garola-Aostt, Spong
o, Batton) report an increass in amplitade of the VER when the
subjcta attention by focused on the vhrual stimull 1t is, howover
ot alwayt essy to find out to what response eleraent, they refes
Joaret  Guerrero-Fignerow, and Garela-Austt also atate thst
mpummmmmbm-.nmmufwm
whkere Van Hof of al, on the other hand, find no effect of fash
oounting in 14 cut of 15 subjects, while 'mﬂlﬂGfDBJM!(Lu)
“any stimales eitoation  wuch a3 counting the elmw] but sl
meloding such things as thinking of weight lifting, increascs the
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1 INTRODUCTION

In n provious paper (RIETVALD 1003) it was orgued that tho
difforoncos betweon desoriptions in tho literature of the coclpito-
cortical rosponso to light flashes (visunl ovoked rosponso VER)
aro largely duo to differoncos in oxperimontal sot up (Oash duration
flash intensity intorval botsreon flaahes position of eleotrodes ato.)
resulting nmong other things in different degreos of contamination

of tho rosponso by artifacts
18
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m\xdunltlectmdu.l‘hnqumﬂonmtmﬂyu\mwhdhnlhe
reported {oerease {n amplitode when the sabfects sttention i
fred upon the stimull might not partly or wholly be due to an
increase in artifact smplitnde 1)

The present report falls {nto two parts. The firet is mainiy »
report on two parallel serles of experiments. In those of the fint
aetles somw experiments made by Spong ¢ el are faithfully
reproduced {n those of the second, they are modified to mintmbs
artifacts and to ensure mniformity of response %)

1n the experiments of Bpong o of, sltoroating elicios and fashes are offared

reponwe to every eliek or flush) nd  commting taek (oot eseh stimulos
bn the modafity t which attanding; press kay after 50 sthruf have been
eounted). In tho experiments t be described the vigilanes tasks aoly have
boam retatned.

Besides showing that the difference between the resalts obtafmed
by Van Hof e ol and by Sutton and those reported by the other
authors named cannot be explained on the besls of sheence of
artifact in the first-namad experiments, the rewnlts obtained in
the present experiments suggested that other factory, it the
diffienity of the teak and the degree of habltuation of the subjsct
to the experimental wituatlon might be involved. This led to a

third series of experiments in which the Influenes of these fastory
wiy stodied

3. IKFLUEKCE OF ATTENTION ON CORTICAL
EVOKED RESPONSE AXD OX ARTIFACT
-1 Mrrops

Mlmrrhnmhmmadeh-d;&,nﬂndm{mm.Un}poh;
keads are used throughont thnnc\.h-nnwiphdﬂechuialbn

)u.()fm nchmetﬂ-nﬂhnvmﬂdpotm‘far\hahﬂm
L caea of attention of remponem Jod off fom subooctiosd wtractores
a4 repocted by Joavet.

b} Tha exprrimenta of Bpong «f al. wers chosn beexnss cleasly
wwydaumnuumymuhhm%uzzmn,
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amplitude of tho VER over thnt In the ‘Dlank mind situation,

In the hands of Spong c.s. stimulus counting gave inconsistent
results. Thoy arguo that counting stimul: mmay bo distracting rather
than focusing attention on the stimuli bocauso of tho necessity
of keoping track of the number counted

Somo results have been roported for other stimulua modalitica
Thus Davis (1964) in an oxporimontal situation somow hat analogous
to that of Haider e al finds that tho uncortainty of whether a
given tono pip in a oyole will be somewhat louder or weaher than
thoso preeeding and followling it increases tho response amplitude.
Davis specifieally rofors to slow wnves.

SarrenriELn and CHEATUM (1084) report that for ahock stimul
dolivered at the wrist the responso amplitudo s rodueed in the
caso of attontivoness and increased in that of nonattontion Later
however SATTERITELD (1085) reports that both for shooks and
for olicks attentivoncss results in an increaso in amplitudo in 41 (40)
out of 47 subjeots and states that the decrease reported carlier
was found in & of 25 subjects only What happened in tho other
cascs is not olenr

Thoe Importance of the uncortainty factor (Davs 1 ¢ ) was stressed
by Sutton Uncertainty as to tho modality of an expeoted stimulus
Inoreases tho amplitude of the responso the morenso being moro
maorked ns tho guess proves to bo wrong

In the paper roferred to eadier (RIcTVELD 10.) it waa roported
that the rocorded responso can bo considered as freo from artifuot
if tho flash frequoncy Is not below 3/sco and if unipolar lends
are used with the aotive elestrodo at no moro than about 2 om
above tho inion

Among further proeautions to onsure uniformity of response
aro maximal dilation of the pupil and provontion of fixation
difffoultios Tho firat condition (flnah frequeney > 3/sco) is fulfilled
only m tho oxperiments by Van Hof ef al (3/sco) who found no
offeot of flash counting and in thoso by Sutton (8/sco) who found
no spooiflo effect tho sccond (active olectrode about 2 am above
1nion) in thoss by Van Hof e al by Sutton by Haider Spong
Lindsley 1) and by Guerrero-Figuerca who for that mattor usd

theso Investigators, tho cleotrodo lics
.].::)utl; ::numm::ﬂ:\“g:dbzmm - cm togtnhn sldo of tho mklline.
This, howover makes no d ffereneo




TTEOTITEXESS, TASK DOTICTITT AXD XTOXED ETroxeX a3

il

{rpe—
VP

fumh diek 103 flxsn dxk

ft

g4
Figw 14

In Fig 1 the flash response ls not very marked there is & brief
fast reeponse starting about 30 maeo after the ellck, which from
its timing and its ahape can be identified with Brcxronp s (1884)
musclo artifact as is further proved by its behaviour when the
skin orer the sealp is stretched. When the attentlon is focused
on the auditory stimnll the oocipital flash response shows a late
(about 170 mseo) deep surface-positive trough the fast ellek
responss is very large. With the attention cemtered on the flashes
the VER is more marked in the temporal lead than in the oocipital
one it j again dominated by a deep late surface-positive wavre
which ean, from {ta shape &nd its time relation, be {dentifed with
thut in Fig  Again, the early fast elick rosponse is present
#t is followed by one or two not very marked, slower waves, the
main featnre being a rather broad surface-negative wave at some
1°0 maee

When the attention ts focused on the clicks the snrface-posttive
wave in the temporal flash response s far deoper than in any of

the other cuses the fast click response It again present and the
slower Tesponse is more marked than in Fig 3
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about 2 am abovo tho infon the tempora! eleotrode in the frontal
plane through tho external moati at 8 om from tho midline the
referonco clootrode is at the right earlobo Responses aro averaged
with tho nid of a Nuclear Data Enhancetron computor
Borics 1 The obaotvor s oyes aro open Standard stimuli are
GR Strobotac flashes delivered on an 10 x 10 em? opal glass window
at 30 om from tho obscrver (screon luminance about 950 mL) and
80 dB clicks duration & mscc. Signal flastics linvo an intonaity
of about 26 pCt of standnrd fiash intonsity signal elicks are 60 dB
Stimuli aro offored in serics of 330 30 of which aro test stimuli
The mterval between successivo stimulf is one sccond  signal stimuli
aro randomly mixed among the standard stimul! only tho responscs
to tho standard flashes and clicks aro averaged
Series 2 The oxperiments in thia sories differ from those of
Sorics 1 in the following
— The visual vigilance task only is rotained
- Tho subjects pumis aro maximally dilated by means of
wstillation of 10 pCt phenylephrine-HCI in the conjunotival sace
— A plece of plain whito paper is placed before tho subjeot s cyes
to prevent fixation difficultics
~ Screen luminance of standard flashes is reduced to 800 mL to
provent saturation effoots in tho rosponso
— Tlashes aro offored cither at 1/sco or 3/soc no olioks aro presented
- To distract attention from tho flaslies an auditory task is given
tho subjoot is Instructed to liston to and to translato o spokon
text to which noiso has been ndded
- A suprnorbital clectrode is ndded to dotoot any eycball ond oyelid
artifacts,
Nine subjects wero nsod in Scries 1 thoy woro among tho olovon
used In Scrica 2

22 RravLte

221 Seres 1
The averaged responsos obtained in ono subject end in four sots
of two saries of stimuli are shown in Figs. 14
Fig 1 shown tho ooolpital responscs to flashes and to olichs whon
attention Is focused on the visual stimuli the occipitsl r::apom.o

when attontion 1s centerod an the clicks is shown in Fig 2 Figa
3 and 4 give tho corresponding terporal rosponsca.
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Figa 10 and 11 show respectively the averaged responses
obtained durlng distraction and during attention (broken lines)
together with those found In the no-tesk situstion In all ceses
the peaks of the eardy surface-negative component temtatively
identified a3 the B-wavo wers made to concide.

R
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Figs. 5-8

Tho ocorresponding responsos in another of tho subjoots aro
plctared in Figs, 5-8 Hero in all cases the flash response in which
tho I" trough oan bo tontativoly identified is dominated by & doop
lato (about 188 msco) surfaco-positive trough Tho poak to-peak
B ' (1) amplitudo is greater when attontion is oenterod on tho
visual stimult. Cliok responsos aro far less marked than 1n the first
subjeot in Figs. 5§ and 8 (cocovipital leads) no clich responso can
be scen tho onrly fast response can bo recognized in the toraporal
lecads while tho late slow responso cloments which arc of amall
amplitude in Fig 7 aro somowhat larger in Fig 8 that s when
attention Is fogused on tho olicks

222 Series 2

Typieal results obtamed in tho oxperunonts of Serics 2 aro
exomplified Ly Figs. 0-11 Fig 0 showns tho results of averaging
over threo serios of responees (flash froquoncy 3/eco) whon no task
had beon allotted to the subjost It will be soon that as found
carlier time relations are more constant than amplitudo relations
but that the latter are not too far different
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Fige. 10 and 11 show respectively the averaged responses
obtained dunng distraction and during attention (broken lines)
together with those found in the no-task sitnation in all cases,
the peaks of the early surfacenegative component tentatively
identified an the B-wave were made to cofneide.

i

s
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Tho corresponding responsos in another of tho subjeots aro
plotured in Figa 6-8 Horo in all casos the flash reaponso in which
tho I" trough can bo tontativoly idontiflod is dominated by a deop
lato (about 185 msoco) surface positive trough Tho penk to pesh
B I'(1) amphtude Is greator when attontion is contered on the
visual stimull Click rosponsos are far loas markod than in the flest
subjoot in Figs 5 and 0 (ooolpital lcads) no olick response con
Le soon tho oarly fast responso can Lo recognized in the temporal
locads wiule tho Into slow rosponsc olomonta whioh aro of amall
amplitude in Fig 7 are somewhat largor In Fig 8 that is whon
attention is fooused on tho olicks.

222 Senes £

Typical rosulta obtained in tho oxperimonts of Sorles 2 aro
oxemplified by Figs. 0-11 Fig 0 shows tho rosults of averaging
ovor throo sories of roaponscs (flash frequoncy 3/sco) when no task
had boen allotted to the subjest It will bo scon that as found
carlior timo rolations aro moro constant than amplitudo rolations
Lat that tho Istter aro not too far difforent
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Tt i clear that in a1l cases tho amplituds of the fnated
mwmmmmummtm

223 Ducwnon cffect of attention on artifact #izs

The resaiis obtained in 1he experiments o far desceibed whow
that the eontaminated vigal evoked response (Series 1) a9 well
as the tmeontaminated response of Beries 3 decreases in amplitude
when attention Is focused on the visual stimull, so it appears that
an artifact increase cannot very well bs invoked in explanation
of the fuct that most authors deseribe an inercass instead of the
deerease found In the present experiments.

That, under the conditions of the sxpeciment, the eyshall artifact actoally
drminishes in sixs whea sttention is focused on the vieel stimol] s spparent
from Fige. 13-14 which show records cbiained, under eonditions s in
Beries 1 frum oocipitel and soprucwbatal Jeads.

(Fig. 13) dose

When, however the atteution fe fooosed on the flushes the ampiitods
of the troogh In the supraorbitsl resporms e redored to pearty e, and
the caresponding ware in the ocopltal Leed Je correspondingly diminkehed

1 INFLUENCE OF TASK DIFFICULTY AND OF
HABITUATION ON RESPONSE AMPLITUDE

31  CoxsmrRaTioxs

Thmh:mnhddhuepuneybetmthnvhuﬂmdﬂm
auditory evoked rospones as regards the influence of sttention,
While, as mentioned abore foousing of the attention on the viraal
stimull earsed & decroase I amplituds both of the true VER and
of the artifacts, if present sttentivencss directed towards the
nuihury-thnuﬂmlutnmlncmnlnlmplhm.uofthnnﬂhwy
mkadnqu:nmdfurolluufthemtkimduﬁhat_&uchm



0 W J DICTVELD W L. M TORDOIR AND J I. B UAQENOUW

FI-£1 By



ATTIITIVEXEM, TASK DIFICCLTT AND EVORXD XESPONER “

dlﬁmmbdteenthnvhuﬂmdmdlﬁurymtemm in its
tm-n,wggutlcxpcrmenhvhmtbeuﬂ'ect of attention fs studied
when the visual task is made easier and the anditory task more
diffiontt.

3... Erfror OF ATTESTION AT VARIOUS DEGREES OF DIFFICULTY
OF VISUAL TASR EFFECT OF HABITUATIOY

The veual task is experienced as belng less difficult and less
disagreesble when screen luminancs s Jowered, the difference
between standard flashes and signal flashes bemg kept at 28 pCt.
of standard flash lominanes

Fig 18shown the oociprtal responses at standard flssh {uminances
of 500 60 and 5 mL at flash frequencies of 1ace Jfver, and 5fsec
with and without attention, s recorded from one member of &
{freah growp of inexperienced subjects.

At 3fsec, when the task Is stlli experienced as belng diffeult
&t 50 mL, the amphtuds fs, both at 500 and 50 mL, smaller in
the cass of attention b the lowest luminance thers is no difference
At 1/wec and at the highest Juminance aftention still results in
& decrense in responss amplitude at 50 and et 5 mL, however
it resolts in an wnerease The sems applies to 34ec stimulatlon.

Of the other nine members of this group wseven behaved
simflary m the other twn there was no consistent pattern,

Of course the 1feeo responacs are contaminated by artifact as s cloardy
sbown in Flg 17 which ghes the reponsss of another of the ten subjects
for occrprtal and frontal [oads. At low Innxnanoe, snd with sttention focrsed
o the visal stmuli, the ertifact b pegligible, so tho deepening ! the
T troogh Ja roal. The figare aleo shows the fragmentation of B at kigh
hrnioance described eariier ¢ be mors maried I the exse of attentlon

The effect of habltuation was studied in two members of this
group

Figr 18 and 19 show the results obtained in ope of them in
fivy pairs of seriex (screen luminanes of standard flashes, 500 mI,
flash frequency 1faee ocolpitsl lead) when the subject hed never
befmerperlawdthoexpcﬂmmtﬂ:ﬁmﬁm.lndinthmpdn
ran onder the wame conditions one month and ¥ experimental
somions later Ibbc]en.rth.:tlnt.haﬁntm.wlﬂamfonmuh‘
mndemnmd!ntbanmndmmlnmofmmlmpmuda
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opposite bohaviour of two sensory channcls is of courso quito

unexpected and suggesats offects of factors not studled so far
Tho subjects wero unanimous 1 declaring that tho visual task

was much moro difficult than the auditory task that at 3 flashes

i 800 1000

big 15

por mocond In particular was cxporienced as Lolng extromoly
difficult and unpleasant far moro 80 than at cithor 1/sce or 8/sco.
Also 1t was roported that aftor sovoral serios had beon run tho
task beoame loss diffioult Parallel to this thero wns o marked
differenoo in porformance In tho auditory task tho sgnal clicks
woro corrootly deteoted without olther false-positives or fnlso-
negatives, In tho visual task howovor thero wns o notablo
proportion (up to 10 pCt.) of false positives. With oxperienco
porformanco appeared to improvoe All this suggests that tho difforont
bohaviour an rogards tho influcncoe of attontlon of tho channels
might be related to task diffoulty rather than to & fundamontal
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33 EFrECT OF ATTHNTION AT \ARYING DEGREES OF DIFFIOULTY
OF AUDITORY TASK

Tho auditory task is oxporionoed as bolng moro diffioult when
the intonsity of tho standard olichs is reduced from 80 to 15 dB
the intonmty ratlo between standard and signal olicks romaining
the samo Fig 20 shown oliok responses (tomporal lead) at the two
intensitics with and without attentfon While as roported fn
scotion 221 attentlon to the olicks results in an increnso in
responso amplitude at tho higher mtonsity it causes & responso
diminution at tho lower onc

4 COMMENT DEHAVIOUR OF SPONTANEOUS”

BDACKGROUND ELG

Two factors are Involved in tho influonco of attentivonoss on

tho cortical ovoked remponso vi. tho offoct on sonsory inflow

mees k>3

o 1000 o 1000
—'\[\'\I\,\/\A,un«um —wM
attebon
ow Kntens ty hagh at ty
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fo on the amplitude of responses ed off from subeortical stages of
the seusory channel and that on cortical responsiveness.

Joover (Le.) found that the response to light fashes led off
from the optio radistion increases In amplitade when attention
i3 fooueed on the stimullin a flash-counting task on the other band,
BrsUxor-Prdx o al. (1057) state that the amplituds of the
response recorded with the aid of suboortically implanted eles-
trodes dimintbhes when s distracting task (mental calealation) s
g}mﬁhnﬂlﬂm&g&tmtmmmmpﬁtﬁou{th
cortloal responiss in the case of » difficult task ja dus to & decreare
in cortieal rexponsivenese That thers is indeed a differenes in
cortical behaviour at bigh flash intenaity and that at lower intenaity
is apparent from the background EEG s shown in Figs. 21 to *4
which were recorded, with the ald of » Gras polygraph, during
the experiment to which Fig 17 refers.

In the upper tracks the moments at whith the flashes are
presented and the reactions of the wmbject to (suppowed) signal
flashes aro Indicated (arrows) the Jower tracks show the EEG as
Tecorded from an electrode iying in the midiine at wix em before
the fnjom (“lead 37}

To obtain » rough estimate of a-activity lines were drawn parallel
to the zero line at +1 eam and —1 om, and the number of positive
and pegutive peaks exceeding theso lorels was counted over o
12 meo perfod,

The “a-index thus obtained is highest (78) at the lower luminanes
(80 ;L) when attention s not directed to the flashes ag expected,
1t {s markedly Jower (26) when it is fooused on them. At 500 ml,
and in the nor-attentlon aitustion §t is somawhat lower than at
50 mL (68 against 8) with the attention directed to the faghes
it dropa to 2 Mngsmngwdihoalnﬁrhy
(desynchronisation).

The habituation effect is also refiected In the backgromnd EEG
s shown in Figs. 25 to 28 The reeords in question werw mads
1 part of the experiment to which Figs. 18 and 19 refer

Fig 25 shows the EEG of the unexperienced subject In the nan-
sttention situation muhnhubetomantdtothapmmdm
a-thtydnrthbouxpcﬂmmmdanhmchhlg\]a(ﬁg 16)

Figa. 37 and 28 show the corresponding

EEG s when wttention
a2 eentered on the stimuli tl:nughtbndlﬂ'muh\ml’mcothm
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still is, 1n the expormonced subjeot a marked supprosston of
o activity tho trond towards diminution of & suppreasion during
porformanco of tho tash is ovident

SUMMARY

Nearly all nuthors describo an inercaso in amplitudo of cortionl evoked
responiacs both to vimual and auditory stimulation when tho sibjests
attention i focused on the stimuli, ¥ rom tho descriptions of the expetiments
whero tho visual ovoked response was inveatigated it ean bo Inferred that
in most cnsen, tho recorded responses wero contaminated by artifacts, Sinco
tho two papers In which no such increaso wma reported are the only ones
whero tho recordod reaponso could bo mrppomed to bo freo from artifacts
tho question naturally aroso whether in thomo coscs, tho obscrved increase
might not bo duc to an Incronso of artifact amplitude Two acrics of
cxperiments where visual and auditory vigilanco taaks wero given in ono
cano under conditions when tho response was contaminated and jn the
other whero contamination was oxeluded aliowed that thoe auditory channel
appeared to behave differently from the visual one in that, while in tho easo
of visual stimulation nattention causcd o decrenso in amplitudo both of
tho inated roep and of tho artifact that an artifact increaso
cannot bo Invoked in tho cxplanation of tho responeo increase reported by
mout authors—attention {ncrenacd the amplitidde of tho reeponso and of tho
artifact in the enso of auditory stimulation Tho visual tnak was experieneed
as much moro difbeult than tho auditory task in tho latter pcrformanco
wan much better Tho visual task appenred to becomo momowhat caner
with habutuntion, and performanco improved

In & thind group of experiments tho visual task waa mado casfer and
tho auditory task moro diffieult Now attentivenos incrensed reaponeo
amplitidle in the first cnso and diminiahed it in tho sccond This, together
with tho fact that subcortical responsces have been reported to inerenso
In tho attentivo state suggests that in tho caso of a atrong stimalatlon
an 1 of a difficult tnek cortienl responmyenes ja lowered. Background FFA s
show that under theeo conditions there | o strong suppresion of tho
alpha-thythm; this suppression beoomes ko marked & tho subject gets
uscd to tho procedure,
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P N Asarsen The influence of analgenc anhipyretic drugs on the
responses of quinea-pig lungs to bradykinin

Depariment of Pharmacology Unicersity of Amaterdam

Bradylanm increnses tho resistanco to inflation of guinea pig
lunga 1n viro which effoct is spocifieally antagonized by antipyretio
analgome drogs (Corurcr, Horoate Somacnter and SHORLAY
1050 1060 CoLrren and S8norLey 1060}

If these drugs aro acting on specific receptora for bradykinin in
tho bronochial muscles as suggested by CoLirer (1082) they must
aleo counteract tho bronchoconstriction caused by bradykimn in
the 1solated guinea pig lung

Inisolated guinea mig lung preparations according to the methods
desoribed by SoLLaaxx and vox OxTTINGEX (1028) and by BraTra
crtary A and DrLauwors (1055) relatively high doscs of bradykinin
wero needed to eauso bronchoconstriction which effect was accom
panied by an obvious constriction of the perfused lung vessols. Theso
responscs, howover wero not reduced by calofum acetylsalicylate
sodium salicylate sodiam phenylbutazone amdopyrine and
phenazone in concentrations of 40 ug por ml perfusion flmd.

Bmoe these findings wore 1n contrast to tho offects 1a vivo desoribed
by CorLier and BHORLEY (1080) tho in t1ro system was re-invest
gated The mean intravenous threshold doss of bradykinin producing
an increnso In resistance to inflation of gmnen pig lungs sn e1vo was
0 8 ug per kg body wmght and thua, in spite of the rapid destruction
of bradylonin in bLlood many times smaller than the doso of
bradykinin needed to produce bronchooconstriction inisolated lungs
The inoreaso in resistance to inflation of langa duoe to an intravenous
threshold doeo of bradykinin coincided with a scoondary risc in
systomio arterial blood preasuro whoreas both effeots did not appear
after intra-arterial administration of oven a fourfold doso of
bradykinin. Opening of the cheat wnll increased atleast fourfold tho
mtravenous threshold dose of bradykimn without affecting tho
response to the potent bronchooanatristor agent histamino Vagoto-
my did not mgnificantly lesson the response of the lungs to bradykinin

Regarding tho mhibitory influence of ealoinm acotylsalicylate on
the jnoressed rosistanco to inflation of guinea-pig lungs 18 viro
produced by bradykinin in our hands the potenoy of this analgeno
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s much Jower than that foand by CorLrer and BROBLEY (1060).
hgnmmm;muthﬁbdrhhwﬂhmnfuuni\ﬂermm
travenoas dose of g of caleium acetylmlicylate per kg s 4 to
0l incroase of the threshold dose of bradykintn, whereas a second
dose of 8 mg of thia drug only increased the threshold of bradvkinia
by & fastor 1 our expeciments both opening of the chest wall and
vagotomy considersbly lemened the antfbradykinin potener of
ealcium acetylwiboyiate,

From these experiments it is concluded that the inerease in
resiatanes to inflation of lungs 1x raro after small intravenous doses

camed by s change in lung compt The inkibrtory fofl of
ealotum acetylmlicylate on this effect of bradykinin probably anses
throagh an indirect, &ffect on the hung veasels.
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E J Aridns The recaptor theory and the relation betsceen structurs
and achion,

Department of Pharmacology Unicveraty of Mipmegen
The biological effects of drugw are the resultant of the phyaieo-
chemical interaction between drmg molecales and eertain malecu)
hthbhhg‘mlcbmmmplhﬂh&thaphyﬂm-d]mh\
propertles of & drug and therefore its strosturs are determinant for
thnbi&oglﬂlw&vhyorhlnﬂwrmd:thllthau'ﬂ]bounhdm
Mmmnmundmmumhunhﬁnnh]phmnh&md
Mmyhmm@mdmmmthmfm
mdmwmtm}ymymlythephyﬂeo—dwmhdmﬂud
mdmmmmmyhthomﬂthvhhhllmﬂum
dogical ph are d to be ble A relation
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botween structuro and actlon can only be oxpested if identieal
actions are involved whioh implles actions Induced on identleal
reocptors Ono would theroforo oxpeot o structurc-activity relation
ship between agonists and their competitive antagonists The faots,
Lowover aro contradiotory thero Is hardly any relation between
tho structuro of histamine and the antihistamines artorenol and the
alpha-sympatholytics and acotylcholino and many of the antiaho-
linergles. Tho study of homologous scries of derivatives of histamine
artoronol and acotylchaline in which a gradual ohange from an
agonistio to & competitive antagonistie action takes placo indicates
that the compotitive antagonists although blocking therecoptorsfor
tho agonists do not or only partially ocoupy tho recoptors of the
agonists They aro mainly bound on assessory recoptor arens located
in the closo viclnlty of tho receptor ares for the agonist

REFERENCES
Aritxa, B J., Scientifls and Technicsl Sympoals 11%h Ann  MMeoting
Amorican Pharmacout Amsoo. Dotrojt Michigan March 1085
Ewrxprorx, B W J J Pharm Pharmacol. 17; 393404 (1063)

H H Benoken Kolmor and F Khrouzor Conlinuons polaro-
graphic recording of oxygen pressure wn reapiratory air of man

Dept of Phynology Universily of Nyymegen

Whereas tho polarographic recording of oxygen pressuro In res
piratory air has Jong been performed in our animnl experimentation
on analogous procodure is doscribed hoero for man An improved
modification of our eatheter Po, olcotrode (KrmuxERetal J Appl
Physiol 15 1157(1000)) has beon used with a rosponso timo of
02 mco for 06%, deflection Tho respiratory air waa oontinuously
suotioned from the mouthpiooo of tho subjeot and lod firat through
the plekup of o conventional infrared COy moter and n fow om
beyond it through a plastic tubo holding the cathotor Po, oleotrode
8inco the tomperature differenco betweon inspired and expired air
had to bo equilibratod in viow of tho tomporaturo sonsitivity of tho
polarographte clootrodos tho COy unit was kopt at 32°0 in order to
achiove & constant tomporaturo of tho terminal gas Comparison
betweon tho polarographio readings and aimultancous analysos with
tho Soholander apparatus showed s satisfactory agreomont Furthor



SIXYR YYDERATIVE METIIIO LETOET JONE 10-11 1988 43

Joore It was found that the form of the Po, curre (av well as that
u{thn%m)dzpm&doudnnﬁuuiplﬁowdmgﬂwdeo-
trode, Low flow rates yislded too steep & rise whereas high flow
rates resalted fn a hormontal platean. With appeopriate adjmtment
of the Bow rate # was possible to ohtain an adequate platesn which
;rmﬂ:dteurnetmdﬂdﬂpohmgnphhmdﬁng(ncompurbon
with Scholander analyuis.

Adrienne J 3{ van Beusskom Kits van Hefjningen
1,2 Drphosphosnolpyracats o new snlermediate in the carbohydrate
metadollom of rat drapkragm

Department of Phywiology Umivernty of Amsterdam

Rat disphragms were inonbated with 14C-glucose and the medis
chromatographed on paper An unknown intermediate of giucose
metabolm was fornd. The betium mlt of this compound was
fsolated in sufficlent quantitiss throagh column ehromatography s
described by hars and Comx {1953) A earbony) group » very
labile and » stable phosphorns group conld be demonstrated in &
mtioaf 111

3184 hydrolysis et 80° and pH 3 5 remoren the labils phosphorne
group Infrared spectrs of the barrum salits of this partly hydrolysed
product and the originsl eompound have been compared with
specira of 3-phosphogiyeersidehyde, 3-phosphogiyverate 2 phos-
pi:oglymtb. 3-phosphohydroxypyruvate hydroxypyruvate 2

hoenolpyravate and acetylphosphate There i & good agree-
Toent between the spettrs of 2 phosphoencipyruvate and the prodnet
of partial hiydrolysts. In comparison with these apeotrs, the spec-
trum of the original compound shows the same alterations in the
earboxyl group bands us does scetylphosphate, muggesting
m:lo‘ndmtemhbmdtothwboxylmp tht the

emonstrated t!

of the labile phmphrmp‘rm;my ihthydd’?: m‘-bmd.
apon more drastio hydrelya pyrovate is formed.

1
thct:\dndcdthln.bomhmvnmpcundh 1,2-dipbosphoencl

REFERENCE
Exrn, 7 X,end W E. Coxx J Am.ch‘m.!m.”;llnum).
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B Bink J Timmors and P van Loouwon The aerobie
capacity 1n men aged 20 o 66

Netherlands Insiitule for Preventive Medicane Leden

In 268 men aged 20 to 06 yoars working with a municipal eleansing
department tho maximal oxygon intake was determined Ninety-six
of thom were dustbin loaders and had & mean caloric expondituro of
2140 keal cach dadly working timoe of about oight hours

Tho oapaaity of tho oxygon transport systom—ventilation
diffugion-ciroulation — can bo measured from the maxamum oxygen
intako or aeroble capacity BINrnorst and Van Luxvwex (1003)
compared tho classical mothod of direct measurcment of tho acrobio
capaolty (HILL, 1027 Romixson 1039 Astraxp 1052) in whichat
loast three but in mosat cases many more measuring-scssions aro
needed with a singlo-scasion method based on soveral ropested
measurcments of the oxygen intako during a test with continuously
incroamng load Tho result of this investigation justified tho uso of
the single-scaston method throughout our presont study

Tho opportunity to obscrve tho pattorn of tho electrocardiogram
during tho testing prooodurc with mercasing load is an additional
advantago ns the oxcroiso tost may bo stopped s soon as pathologi
cal changes ooour

Prior to tho oxorolso test o medical and an ocoupational history
woro takon and a physical oxamination including spirometry and
clootrocardiography ot rost was porformed As o rosult of theso
proliminsry obaervations wo wero obliged to give up tho oxcroise test
in a fow casce

Each excralso test started with two minutes of oyding without a
Joad Thereaftor tho load increased cach minuto by 10 watts.
Rocorded woro heart rate blood pressure clootrocardiogram
vontilation minute volumo rospiratory rate tidal volumo oxygon
intake and carbon dioxide output

An examplo of moasurement, is shown in Tablo I and Fig 1
Heart rato and oxygen intako tond to level off towarda tho end of
the oxoroso tost

At rogular intorvals the oxpiratory minute volume was measured
by ocolleotion of oxpired air in Douglas bags At higher loads tho
oxpired alr was analysod according to tho Haldano mothod In tho
period prior to finsl offort Douglas bags woro filled during each
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at conmecutive minuts. Fillmg of the last Douglas hag was stopped
on the moment the sabject gave up. I the 8ling of the last Douglas
bag had not excesded 04 minate the lest but one wes coneldered
a the lest Douglas bag At s flling time longes than 0 4 mute the
vatun wan oouverted nto 1| minute. The hughest oxygen intaks per
mmuts this determined was oonmdered as tha serobla capacity

The maximal oxygen intsks of these 288 nen betwwen 20 and
08 yrars okd plotted agalnet age is thown In Fig 2. The results have
been grouped in five-year periods in order to enleulats the 0%,
confidence Intervals of the obserrations and of the mean. The re-
gresion equation from thess deta was

Vo, wm =3 90~ Q.05 age In yearn.
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B Bink J Timmers and P van Leecuwen The aerobic
capacity sn men aged 20 o 06

Netherlands Inatitule for Preventive Alediaine Ierden

In 258 men aged 20 to 66 years working with o muniepal cleansing
department the maximal oxygen intake was dotermuned Nincty-alx
of them were dustbin losders and had a mean calorie expendituro of
2140 keal each daily working time of about elght hours.

The capacity of the oxygen transport system —ventilstion
diffusion-airculation — can Lo measired from the maximum oxygen
intako or acrobio capacity BovKHORST and VAX Lxeuwrx (1063)
compared tho classical mothod of direct measurement of the norobjo
capnalty (HiLy, 1027 RopInsox 1930 AstrRanp 1082) In which at
least three but 1n most cases many more measurng scasions aro
needod with o singlo-scsmon method based on several repeated
measuroments of the oxygen intaho during n test with continuously
increasing load The result of this investigation justificd the use of
the aingle-session mothod throughout our present study

Tho opportunity to obecrvo tho pattern of tho clestrocardiogram
during the testing proocdure with increaafng load is an additfonal
advantage as tho excroiso test may bo stopped as soon as pathologi
ol changes ooour

Prior to the excroiso tost a medical and an ocoupatfonal history
were taken and a physical exemination inoluding spirometry and
electrocardiography at rest wss performed As a result of these
preliminary observations we were obliged to give up tho exerclse test
in & fow coscs.

Each excroiso test atarted with two minutes of oyellng without a
load. Thereaftor the load jncreased each minuto by 10 watts
Recorded wore lieart rate blood pressurc clectrocardiogram
ventilation minuto volumo respiratory rato tidal volumo oxvgen
intake and carbon dioxido ontput

An exsmplo of measurement is shown in Tablo 1 and Fig 1
Heart rate and oxygen intake tond to lovel off towards tho end of
the oxcroso test

At regular intervals tho expiratory minuto volume was moasured
by oollection of oxpired air in Douglas bags. At higher loads tho
expired air woa analyscd according to the Haldane mothed In tho
porlod prior to final effort Douglas bags woro filled during cach
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In 170 of theso 258 measmrements the fnvestigutors wero con
vtnnedthntdwluh}ectpcnhtadunﬁlhhrulnuﬂmmeﬁa‘t.'ﬁ[he
relation betwren serobio capaeity and age length and body weight
lnthmmwuupechﬂyenmhxd.&:edonthcmrmltls
mltiple regresion equation was caloulated
Voy mux = —0 051 -0 0270 age (in yean)+0 0184 height (in em)+

0 0081 wedght (In kg).
Muktiple correlation coefficlent B=0T1 s.6.6.=0.388.

Anclywie | varicnce for partiol ragressien cocflcients

VaBes | 85 |DF| M3 | F | P
Ap 166435 1 10543 < <0.001
Heght 19258 1 12.18 <0.01
elght osm 1 524 <003
Resddne 20.2547 168 0135818

From thi study # may be condoded that the eerolrio capadty of
adalt men bs largely inflnenced by their age but also by their height
and body wedght.

SUMMARY

In 258 men between 20 and 88 yoars ald with coneiderable
professionsl physical activities, the maximal axygen intake was
determined during & continuoasly increasing load oo s bioycls
ergometer The load increased esch minute by 10 watte. In 170
subfects there was evidence of maximum effort.

The relation between acroble eapacity and age length and body
weight within this group Is given in a regrosion equation.

REFERENCES
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L N Boumsnand A E Becker Sirxchure and localization
o/thu.o-a-n-nla.rla!ea[!hmbbd

Dept of Physology and Dept of Path. Anatomy Umivernty of
Amalerdam

In provions Snvestigations (Borsux < ol 1069) on the aetion
u{thengﬂmmthnpawmnkﬂuﬁﬁtyuﬂhom-&nodeuf
the rabbit, the observation of Pars bz Caxvarno o al. (1830) that
qmunmﬂyﬁﬂngﬁbmlmp-mhsﬁhu)mfumdmlyln
« smmall area within the nodal region was confirmed. In our expen~
menta theso fibres were localzed at the venous side of the terminal
rulom, centrally between the orifices of the right soperior and
inferior vona cura. They were grouped together Inxdde & small eons
heving & surface ares of 1-3 mm? From this zone extenions were
running in both oranial and candal direction over a total distanee of
about 10 mm, containing latent pacemsker Shres.

In otder to determine whether any relationahip existed between
the electrophysological localization of the pacemalker fibres and the
amtomionl site of the afno-arricuiar node, the distributon of troe
and latent pacemakers in thres isolated rabhbit atris was mapped
out by a large number of micro-electrode fmpalements. After the
experiment the preparations were cut into serlal sections, which
were statned aocording to the following technlques
Hsematoxylineosin van Gleson stain, elastio tissue stain, phospho-
tungstio acid-haematoxyhin Heddenhain s anilin blus stain, periodis
sckd Bchiff with and without dlastase preinonbation, To exstuds
artifacts dos to the electrophysivlogical experiment the nodal
aros was aleo exxmined in seris! sections of four fresh preparations.

The sino-ammonisr node was identified between the arifices of the
large veins, atowmg several characterntio structnral differences
with the atrial mesculature
1 The nodal ares ia tieh In nnolel Their number somes to about
twice the namber seen fn cross-sections of atral musde,

2 The nodal fibres are fusiform and alender with a dismeter of
sppeoximatively one-third of the atrial Shees ey run indicdually
{n & cwrved fashion, crossing each other in all directions.

3 Inaide the nodal fibees the rumber of myofibrils # relativel
small o distinet crossstriation was foomd only In fibres at the
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I L Bonta O J do Vosand W Hondius Boldingh
Bislogieal achoity of fluid oblaned from rat paw oedema 1nduced by
serolonin

Depl of Phar logieal and Brock I Researck N T Organon
Oss

Flud expressed from scrotonin induced rat paw ocdema caused
contractions of the isolated guinen pig 1lenm and rat nterns. The
offcot on the guines plg floum wns blooked by tho antihistamine drug
phenbenzamino whereas that on tho rat uterus was unaffocted by
atropine  partially mhibited by LSD 25 and blocked by phenyl
butazone The contractions of the rat uterus induoed by tho oedema
flurd showed o delayed onsct and slow rato of development na did
contractions induced by synthetio bradykinin The biologieal
notivity of tho oedema fluid displayed a tendency to decline even
when presorved at 0 O Strong acid treatment of tho fluid followed
by incubation at 37 O and subsequent neutralixation resulted in
stabillzation and additionally o marked cnhancement of that part
of tho biologenl activity that was resistant to the above-mentioned
inhibitors Unliko tho guinea pig fleum ond rat uterus, tho rat
duodenum was relaxed by tho ocdema fluid Addition of chymotryp-
sin abolished tho blological activity Theso obecrvations may
indieato that alongside histamino and serotomn fairly mcasurablo
amounta of kininogen and kinin woro presont in tho ocdoma fluid
Thoere rernained the question as to whether tho Inercased activity due
to acid treatmont was the result of an activation of kallikreinogen
(tho procnzymo of kimn forming kalilkrein) or inaotivation of tho
kinin-destroying enzyme kininaso To this end the csternso activity
of the ocdoma fluld was tested beforo and after acid treatment
Pilot oxperiments using Tosyl Arginine Mothy1 Ester (TAME) as
substrate showed no increaso in tho estorase activity of the acidified
ocdema fluid This suggests that aoid treatment inactivated the
kinin-destroying enzymo rather than notivating the hunin forming
systom. In pilot trials, similar results wore obtained with fluids
colleoted from other kinds of rat paw ocdomas and from tho granulo-
ma pouch.

Further experiments, still under way aro mmed at investigating
tho biologleal activity of inflammatory tissuo fluid collected from
animals treated with anti inflammatory drugs. .
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Aifferent intensities in the left ear We found that the patterna for
different intensities are tho same axcept thet ths froquenciss for
whith the maxirs and minima cccur show a alight shift when
the Intensity tn the Jeft ear is changed. Owing to this it can happen
that the pltch intensits relation favery different for various frequen-
dien, even for tones that have alightly different frequencies. 1t Is
posiblo that the sign of the piteh change by intenity changs fs
opposite oven when the frequencles ars only alightly diffrrent.

0 van den Brink and G A Relintjes Viewal fecilitation I
(theory)

Dept of Neurophyetolagy Unieernty of Groningen

According to cuwrent theories of the vismal threshold mechanhm,
a light-fash would be sopraliminal when either two or more (depend
rg upon the theory) light quants are abeorbed effectivaly within a
distanoe and & time within which sddition may ocewr If & mupra
liminal hght-flash of abort doration and with & diameter that is
large compared with Rioco s ares is presented ft should be expected
that onty & small-mzed light-effnct & obsexved In & direction cotre-
sponding with the Jocetlon In the retinal image whers the required

inedd, {ndependent of the amount and the

ocears
distritrtion of elicited effects in the retimal image, outelds of the
addition ares where the threshold is exceeded. The experience bs,
however that s supraliminal lurge dismeter flash at threahold Jevel
is ueually seen in rte entirsty This mieans that the actfvity elicted
fn the retinal image that does not foin in the prooses of threshold
exceeding, takes part in the pesception 2 so0n as somewthers in the
retina imege the threshold b excooded

If this theary of threahold vision is correet, this observation can
only be explalned by supposing that retinal actfrity which would
bemhuminﬂbyit»lrhﬁnﬂluudumumrbmmtha
retinal image s supralimina) effect i present It mrust then aho be
ponib{atamhumhﬂmindh:gndhmemauhngmh.
:?ybyadd(ngumpnﬁmhnleﬁw&%hmndybuw

» sta are Wl

mmwm hich ia demotsteated i the following

A hrpe fah

16 b presented simaktanecns!
fsh (3) which y with & smail

hbu&dmth.ctnueo{mwﬂuhn‘h‘,
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periphery of tho node Tho fibres are nich in glycogen as compared
with ordinary atrial musclo
4 The nodal fibres arc embedded in & relatively Jarge amount of
connective tiasue oontaining a rich vacsular networh
Fibres having theso charactoristies wero found in a Jargo area
between the venous orifices. Thoy form & masa of tismie having a
sizo of about 4 5x 25 mm? from which extonsions aro running in
both craniel and caudal dircotion

A comparison of tho olostrophysiological and the histological
findings showed that tho true pacemaker fibres were localzed at the
sito of the greatest mass of the mno-auricular node

REFERENCES

Bomxuw L N E D Grauxos and P A, Breestexar, Acta Phymiol.
Pharmacol. Neerl 12 28 (1003)
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Physiol. 196; 483 (1050)

G van don Brink Relation between sntensily and pilch
Dept of Neurophysiology Umiversity of Groningen

The commonly accopted conception that pitch incresses with
ncreasing intonaity for high frequonoies and that the roverso ocours
for low froquondles is incorreot in 1ts gonernlity The phenomonon
that pitch deponds upon intensity known as tho phonomonon of
Broca, is cloacly related with a rather irregular relation betweon
pitoh and frequenoy

Usually this relation is not cqual for both ears, so that tono
pulses with equal froquonoy are somotimos not percelved with
equal pitoh in both ears (diplacusis}

Diplacusis is measured as a function of the froquency by alter
nately presonting tone pulscs in the two cars with two osdillators
For a diplacusis detormination the frequoncy m the left ear is kept
constant the froquency in the right car is adjusted for cqual pitch
The frequondy diffarence for oqual pitoh can bo measured

Ve then find a relation betweon diplacusis and frequenoy that
shows an irregular pattern with a large number of maxima and
mimma. In the prosent scries of experiments tho intonaity in tho
right ear was kopt constant. Diplacusis patterns wero measured for
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PTE was not blocked by pretrestment with stropine methyl
nitrate pethalide, or cyprobaptadine.

Tneubation of PTE with trypstn sod chymotryein destroyed its
hypotenstys potency
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O M J Driessen Ths efiect of lestosterons propuonate on the
distribution, of ™% in the thyrodeclomzed rat

Department of Pharmacology Umiversity of Leiden

Gonsdertomized adnlt fernale rats were treated with dafly
subtutaneous injeetlons of 2 mg testosterons proponate (TP) or
with sotvent ol for 7 daye. Then thyroldectomy was performed and
ana day Inter abaut § gO of T was Mijected Intrevenausly The
Tlood levels of [ were studied for the next ten hours snd appeared
to bo lower in TP treated animals than n eontrola. Clearanos of
Dt by the kidney was not affected by pretreatment with TP which
was fn agreement with the finding that slso in nephrectomirzed rats
pretrestment with TP caused the blood levels of II¥ to ba lower than
in the controls. In further experiments it was found that TP Increas-
ed the distribution yolmme of IR as & rowalt of an sngmented
uptake by the akdn of the experimental animals,

B W J Ellenbroek Drum aad receplors
Department of Organic Chemistry Umirernty of Kiymegen

As {t seems [fkely that the receptors for cholinomimetios and
Mmummmymwnhmmzmmm
Wlhgumalﬁnct«unlrﬂuktmmﬂbﬂldﬁtbﬁthm
Ppathomimetics and parasympatholyties.

The wae of optically tsomerio compoundy in stodytug this offers
coasderabls advantages, The physioo-chemieal properties of such
eompnand;dlﬁaonlthrypuﬁculunyl.-othudiﬁemm
founilnphmmbgh[behﬂmunbetnwdhckmdxﬁnm-
et in the epatial arrangement of their pharmacophoets growpe
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probability of sceing cach of the flasheaia 0 3 if presentod scparatoly,
tho probability of sceing tho largo flash in its ontirety inorcases to
about 0 5 when both flasbes aro presented while the probability of
seemng tho amall flash 18 much amaller than ean bo expected if we do
not supposo o facilitation mechanism

Tho probability of accing the large flash mereascs at tho expense
of sceing tho small flash

G A OCharbon A dwretic and hypotensire action of a parathgrord
exiract

Department o] Pharmacology Faculty of AMedicine, University of
Utrecht

The rso of tho scrum ealefum Iovel in dogs 17 hours after the
injection is usced as tho offimal U.S P blological assay for parathy
roid oxtracts (PTE) Littlo is known about immediato biologienl
offcots of PTE Only a phosphatura has been roported to ocour
shortly aftor the administration of the hormone In our hands PTE
(25 US D units/kg) administored intravenously causcs a natriurcais
in dogs during the firat half hour after injection oven in tho ab
sonco of a phosphaturin (Arch Int. Pharmacodyn. Thér 141
1(1063)) Incroasod doses also augmentod tho oxerotion of IsO R+
Ca*+ fnorganio phosphato and croatinine Accordingly this goneral
activation of renal exorotory funotions by PTE might bo duo to o
genoral airoulatory effeot rather than to o speeifio renal one

An oxtract of beof parathyroids was used propared by the
mothod of Rasmussen and Craig (J biol ohem 236 759 (1061))
Intenvenoualy given PTE appeared to havo & hypotensive effeet in
oata and rabbite within ono minuto after mjoction Tho sixo of the
dearcaso was doso~dopendent (3-81 unitafkg) The cffect of tho
Inrgeat doso laated moro than one hour

Ligation of tho renal hili of the cooling artery and the muperior
mosentorfo voin or of tho abdominal norta and inferlor caval vein
near the diaphragm did not provent the hypotenaive action of I'TF
in oats Sineo tho heart rato was inorcased and the contraction fore
of tho right vontriale was augmented or unchanged at least never
dimmshied tho hvpotensive action of PTE 18 probably duc to a
diminished periplieral vasoular reaiatanco Tho bypotensive notfon of
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ummdmndrmalmnhohbiphdotypeThammpounddnhu
1oeal ansesthetie properties.

In many reapects the activity of hepsidins resemblea on the
one hand that of antidey ts like imipramine and amitripty

hnuih&ufmﬂpaxkhnonngmblﬁnorphmndﬂmmthu
other

E D Gerlings G Jambroes L N Boumanand P A
Blerstekor Ths action of the aulonomic zerves on the contradtion
fores of the ventricles sa the wolated rabbit heart

Drepartment of Phynology University of Amsterdam

In » previous publkation (Gratnvos and Boouax 1065) we have
shown that the decrease in ventrcular contrastion foree during
vagal stimulation in the jeclated, perfused rabbit heart is the direct
result of the d of heart frequency If the freq ia Xept
constant by artificial paving the contraction foree of the right and
feft ventricle Ja not altered during vagal stimulation.

Urder the seme txperimental conditions wo hawe stodled the
toflusce of sympathetic nerve stimulation on the ventricular
oontraction force. The contraction foroe was measred lsovalumet
tically by means of water filled rubber balloons which were placed
in the ventricles vin amall jnciaions In the apex. The presszre in
the ballcons was measured by “Flema” pressure transdnoers and
recorded on & cardlograph.

During stimulstion of one of the cardlao branches of the right
stellate gaoglion, inconatstent results were obtatned Thess could ba
explained by the p of parasympathetic fibres, as stimuolats
of the stellste gangiion tranches lod only to sn increass In both
beart rate and contraction force when atropine-sulphate had been
added in a concentration of 3 micrograms per ml perfosion fnid.

To exctude the influsnce of heart feequency the heart was artl§
cially paced at a frequency just above the maximnm obtained
durmg sympathetio nerve stimulation. Fyen when the heart rats was
kept constant in this way stimolation of the sympathetio nervs
resulied fn an fnereaso of ventriclar coutraction focce,

Tho results of thess experiments fndicate that the infinence of
na‘l!lﬂmuhlhuhlhnlbcdtoldnngoluhcmn&u.whﬂulym]n
\hﬂhﬁhnn!nhmhuumboﬂ:ﬂmntcwdm&w&mfm Is
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The optical antipodes of the mimetio drug acotyl f-methylcholine
(Mecholin) differ greatly in potenoy If in this compound the
acotyl group is replaced Dy aoyl roafduca of Incroasing molecular
woight the agonistio charaoter of the csters gradually disappears
accompanied by o sharp deorcaso In affinity However by intro
ducing still heavier acyl groups cspocislly those with ring struc
turea and poler OH groups eaters aro obtained which bohave aa
competitive antagonists of the starting compound and which have
lugh sffinities It is very intercsting to note that tlio optical anti
podes of diphonylacotfo and bennlio ncid estors which diffor in the
oconflguration of tho g-methylcholine mojety vary only slightly in
potoncy so their stercospeolfiaity is low If howovoer an asymmetrl
aal carbon atom is also introduoed in the acyl group as is the case
with & methyltropic and hoxahydrobenzilic acld then there Is again
a grest dufferonco in potency botween the esters having opposito
oconflguration In the acid moicty The afiinity is indopendent of the
conflguration of tho oholine moioty in clear contrast with Mecholino

It can be concluded that the reocptora for cholinomimetics and
cholinolytica aro situated close togothor but have characterstios by
which thoy can be clearly differontisted from oaoh other

REFERENCE
Fiumwnropx B W J ¢ o« J Pharm. Pharmncol 17) 303404 (1005)

A B H Funcke H 3 Torstoego W J Louworso D
Muldor and W Th Nauta Phkarmacology of 4-[(10 11-diAydro~
5H-dibenzo[a  d)eyclokeplen-6-yl) ozy] 1 methylpipernidine Aydrogen
maleale hep 1dine hydrogen maleale (BS 7051)

Research Department NV Romnklyke Pharmaceutische Fabrieken
v/h Brocades-Stheeman en Pharmacia Looreragracht 27 30 Amsterdam

Hepzidine hydrogen maleate posscasce oontral and periphoral
antisootyleholino and antihistamine aotivity besides antscrotonin
and spasmolytio propertios It further has stimulating aotivity aa
appoars from inoroasod locomotor activity in mico stimulation of
cats, antagonism to roscrpmno totrabenasine chlorpromasine
bulbocapnine and thioproparato It docs not antagonizo barbitu
rato-induoed respiratory arrest aleohol naroosis is potentiated

The intersction of hopxidine with tho proesor responso of adrena
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From theso dats, oxygen intske Vo, and carbon dioxide output
Vo, were ealenlated. Oxygen snd carbon dioxids eontents of the
mindwnou(cr&md(}rm)mduternl(o;o.mdc‘w) hlood
ramples were Toewsured with & Thomas-Van Slyke spparatus unng
the method described by Bamrris ¢ ol (1939) The standard
deviation caleulated from 39 duplicate messurements wus 018
mlﬁ’faro,currupondmgtotweﬁdmtafvuhﬁmofovs,é-m
Oﬁ;vul“, for (04, cotesponding to & cosfiiclent of vacietim of
Ool%mmmmmvmdmdmdudmndm(m)md
the cardio output was calonlated by means of the equations

QU0 ~ 1 M
o .
QU0 = 5 @
‘The revults are shown tn Takle 1

Caoses of the large differences found between the two methods
may be snmmarized ay follows,

1 As the smount of COy in blood {s high the error m the deter
minstion of the CO1 content of the arterial and mixed venous
samples bears strongly on the veno-arterlal COr difference It
may be ahown that an erroe of 19 {n the CO; content of both
samples causes an error of 25 4 or more in the veno-arterial
COy dufference As the amoomrdt of oxygen fn blood b sighs
compared to the COs coptent errors in the determmation of the
oxygen coatert will have consderably Jess infinence on the
arterio-renous axygen diffrence. This error 1 generally lems
than 10 4.

The veno-arterial COy difference o smaller then the arterkorencns
&diﬁemmmdth\nhmlﬁungiyinﬁnmudhymin
the blood gus meastrements
Bﬂwdothermma.nmongwhiuhm-mp&ugm(men
and Jomrsoy Imym‘dmtowungmppod‘km;h;
the Fick prineiple (Brow 1054 Woop & al., 1854} and erroms
dmtothenhcneﬂo{lnudyduadmtngthoplmdm

(}thag\othohmlmdz-diﬁzmbetm()(o,)md
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can thus bo concluded that by simultaneous action of vagal and
sympathetio nerves the frequenoy and tho contraction foree of the
hoart can bo independently regulnted to o certain degroo

This concluson s further supported by tho ocourronco of an
increaso in the contraction forco during n constant spontancous heart
rato in thoso proparations whero the cardine branch of tho stellate
ganglhon contained vagal fibres.

REFERENCE
Genurxay, E, D, and L. ¥ DBousaN Acta Physiol. ot Pharmaocol Neorl
(1965) in proes.
F ton Hoor Sunullancous measurement of cardias outpit n tnan
unng the direct Ficl procedure wnth oxygen and carbon dioride as
sndicators
Laboratory of chenical physiology Univeraity of Gromangen

8ince Fiok published his very simple prineiple for the mensure-
ment of blood flow numerous cardiac output determinations have
beon performed umng tho dircet Oy-Fick Howover the diroot
COy-Fick hns only occasionally been used (ZonTz and Haarmaxx
1808 CoUrNARD 19456 COURKAKD ¢ al 1045) Somo aunthors
indicate that tho COs-Fick is not o8 aocurato as tho Op-Frok owing
to tho fact that amall changes in vontilation may cause considerable
changes in COj oxhalation (Courwaxp 1045 Haonrow 1002
Guyrox 1063) Howover oxperimental data conoerning the dircot
COy-Fick aro scanty

Bimultancous measurements of cardiso output with both tho Oy
and COs-Fiok havoe beon performed during cardiao eathetorization in
30 patients the following procodures boing usod Aftor tho in
troduction of o cardlao cathetor vis o cubital veln into tho pul
monary artery and of an arterlal needlo into o brachisl or femoral
artery the patient was connectod to a mouth picoo with respiration
valves. Expired air was colleoted in o Douglas bag dunng an
acourately moasured intorval of 5 to 6 nun During the samo time-
intarval mixed vonous and artorial blood samples woro obtained in
heparmizod syringes rubbor stoppers provented afr contact A
samplo of tho expired air wos analyzed with a Haldane apparntus
and tho total amount of oxpired air was measured in a dry gasmotor?)

1) Manufegtured by Moterfabriok Dordrocht Dordrocht Tho Nathorlands
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J E Huetingand R J L Tuyl Schuitemaker Some re-
aclions during the tranntion jrots rest to phymeal work

Physwlopeal Laboratory Usid y of Amserds

One can roaghly distinguish thres views conocerning the adap-
tation of the ctrealetion and ventilation systems to physeal work.

The responses (Rs) of theso systoms some tims after the onwet of
muscular work can be matnly considered as & consequence of Jocal
changes in the periphery as Starling und Haldans did,

However Krogh and Linhard, Cannon apd after them many
others, such as Jouvet in France snd Rushmer in the Upited States
tiready stressed the fact that cardio-resperatory Rs appear too
quiekly after tho start as to bo cansed by bloodbome agencies and
ocal meehanioal factors According to these authors, nervons
actions must be respomsible for the promptness of these Ra.

1t was especlally the diseiples of the Russian Bykov-school who
ouﬁmerrummubn,damummdnhmgulnvmhﬂnmm
on signals occrring in advanoe of the actnal effart, so-called
wmﬂ&nﬂnﬁmuAmmaﬁoﬁndyﬂthqunﬂuﬂnm
nnmjoumdnﬂunhnofthmmﬂdpnwrymdb-ruplnmq
l::.dhonvu remamed to be undertaken, This was the aim of our

¥

Lndghtmnmtmdmb}wu(m)lnrmwmud.
mmmwmvemnwmxfﬁ
etimall signalling exarcio during the last mionte s rext (lmr) fn
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Q(CO3) up to nbont 30% may bo expeoted A larger differenco
is probably duo to tho abecnco of a steady state during the
measurementa,

TapLx 1
Comparison between simultancous mensurernents of Q(Ox) and Q{COW)
~ \ Qo4 ‘ Q(c0y) QCON =) o
{1/min) {1fmin) Q{0 s
63008 63 78 +23.8
0301 70 01 —108
63013 50 50 0
03018 -1 73 + *8
630°0 49 1.8 -0
03073 8.5 61 -8
630 ¢ 73 97 +3°8
03030 134 11 - 07
03038 83 ae + 48
83038 54 43 -2
63048 130 97 —254
03050 14.3 11 —154
63054 i4 46 + 48
03081 8.9 49 +07.8
63084 6. 8. +3 .3
6307, 6.7 7.3 + 90
03074 100 88 -1 0
03080 119 100 — 84
64008 4 1. + 18
04008 1 Le 0
64018 6.8 80 — 118
64019 1. 18 + 118
o407 130 139 0
64030 59 4 + 80
61044 127 228 + 790
G048 58 [ + 156
0405 18 14 + 800
034 (X 10 + 548
84081 44 130 +1980
64130 43 74 + 70
64183 36 ‘o + 377
04188 18 1o + 8¢
04193 8.0 6.5 - 18
218 38 64 + 834
a1202 51 51 0
4238 58 50 — 148
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ceternal presue the EEG the ECG EMG and respiration wero
permanently recorded.

Axmnu:itholl’ was raisod above the arterial pressure, slowing
of the EEG was noticed. With the ineresse of the 1P the blood
presre rose at the eame time After an abropt excemire elevation
ofthe LP ths followmg could be potleed 1 A sharpriss of the blood
pressure after an initial latent phase of 3-10 sco 2. an Increase in
the venous preswre 3. a dangeroos frregulanty of the heart
rhythm, 40 sec after the elovation of the IP lasting several
minotes 4. typleal EEG changes. Following s latent phase of
25 xev, a 5 seo period of fast sctivity followed by o phase of de-
peesnon (10 #e0) was registered. The EEG became totally flat,
40 neo after the elevation of the LP When the IP aank below the
arterial preseare s restoration of the EEG wuseeen, after s phase of
periodio burst activity The EEG efther becsms entirely normal
or 1t remained sower than at the beginning This was dependent
on the durttion of the iutracranial hypertension. 5 The respiration
became faster at the beginning more slowly thereafter to cenms
entirely doring the EEG flstness.

About 30 seo after the elevation of the 1P opsthotonus devel
oped followed by extension of the legs. 80 seo later fasciculation of
the musies of the whale body was noticed which lasted 3 min.
As »00n as the EEG was flat, the function of the ON.8. ceased, the
animals becoming deeply {ons, 1 bile atonie with lost
refleres. This condition was revens{ble sfier » short perlod of
intracranial b

When the LP was maintaioed ot a high level daring *0-30
minutes, the animaks had to be kept alive artificlally in the state of &
beart fung preparation, until the beart finally stopped and/for
pal y oedema developed, in apite of {arterenal
ete.). It was evident that the heart had suffered from the excemive
arterisl hypertension, following the vasopressor reaponys after acate
elrvation of the TP Tiis was the teason why the animals
10 bonger than 6-7 hours.

Suppression of the vasopresor resp by the ganglionio blocking
action of trimetaphan cempboreatfonate {arfonad) Jengthened the
sarvival tims considerably (84 hours)

Onpmtmnﬂemenmmmtbnbntuofﬂwdog‘mfmmd
mbeltoﬂen,vlthbmadcmdmnwhfbmmdﬁ.lnmdmld The
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relation to tho minute a rest before and tho first munuto s excrekso
(fme) i relation to the Imr

During tho lmr Os showed very eignificant increases in heart
frequenoy (0001<P< 01 depending on the hndividunls) These
Rs were followed by a further and more stablo inerease during the
fine (all Os P< 0001)

During tho Imr Os showed consistent increases in respiration
minute volumo ( 0001 <P < 03) During the fmo a still moro stablo
pattern of increase was found (all Oa P < 0001)

Regarding oxygen consumption increases were found in two Os
during the lmr (P < 0001) The other Oa showed a vanety of Rs
with too great standard doviations to becomo aignificant. The Rs
during tho fme tended to be more consistent however tho pattern
remained Iabile

Theae scenungly preparatory Rs could not be bLrought about
neither during very light work on the bicy clo-ergometer mn atcady
state nor during o five minutes recovery period

Ono may conecludo that during tho tranmtional stages from rest to
work adapted nctivity three mechanisms tako part in the integrated
R of the organism n central conditionnl reflex mechaniam o central
unconditional reflex mechanism and peripheral mechansms with
loenl chemical and mechanical determinants.

W Kramoerand J A Tuynman dcutetncreasein talracranal
pressure an experimenial inveshigation

A curologic Depariment Univermty Hoaprtal Leyden

In order to got some 1naight into the mechanism of the intravital
death of the brain in patients following cerebral mjury 21 experi
ments on 18 dogs were performed It was neceseary to find o method
which mndo it possiblo 1 to damage tho brain cxelusively 2 to
quantify tho lesions 3 to inutato tho so-called state of deant
mation in man 4 to study tho alterations of the bramn during
different stages of tho cxperiment 0§ to get a conception of tho
pathogenesia of tho lesions.

Theso prorequasites were fulfilled by rabing tho mtracraninl
pressuro (I P} in dogs by continuoualy injecting fluld under high
pressure after {nsertion of a needle nto tho aisterna magna. Tho
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mmed.’n:emnnn-edvohmaehmgumymwbemvvrtedinw
mmmAd:uﬂedde.aiphononhhlndmﬂmﬂhodm
presented.

The direet bloody method and the frdirect unbloody method

d In 20 patient A good ag t between the two
methods was found.

REFEREXCE
Warmxey R.J J Phywal. 121 1{1833)

R B Lecuwin The influence of andropenic axd amabolic com
pounds ox pecwdocholiaserase achivily 1n the lirer and serum of the
o

Pharmacoloieal Laborntory Uniternty of Amalerdam

Tmeature male and female rats have identical peendochalinester
e activitios in liver and serum. In mele rets the entyme activity
declines sharply on maturation, whereas in female rats the actrvity
Tises steadily with age (Lxzowros 1963a  18835). Orehidectomy of
adolt makes results in an incresse of the
actitity to the fmmature level and subsequent testosterons ad
ministration restores the activity to normal

Three androgenic-anabolio stesoids have been studied as to their
effects oo peendo cholinesterans activitios In liver and serum of
male castrates, oz proph (TP One-
phenyl proplonate (TEP) and Pheny} proph
(NTPP) Judging from the results of Jevator ani essays (Hrmsn
R0 & af 1932 Oveamserx end De Vissen, 1957 Epanrrey
1063) the latter compoand 1 kpown to possses & Dlore favourahle
snubolis-androgenio ratlo than the two former compounds. This
was confirmed In oar experimtnts and moctover direct deter
minlﬂuminﬂmmdmmlhu\'edmdm:dpmtdnlﬂelln
animals treated with the nor-derivative Liver protein was isolated
wxrdlngw&mrnudsum(lm)mdthapmtelnm(mt
was determined sceording to the biuret method (Gomwsars, ef al.,
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tinsuo was oecdematous wherens the nerve cclls showed regressivo
changes, clearly waible 5-8 hours after the clovation of tho LD
Identical histological alterations were found m normal cerebral
tissuo of dogs, kopt in a saline solution at body temporaturo during
the samo period (56 hours) The nutolysis tn viro and tn ritro wan
studiod with a varicty of histochemical teohniques (R. G J Willg
hagen A[D) the moet important finding being a decrease of &
nuolcotidase activity

Following rapid and oxoessive increnso of the IP the bram will
bo damaged by mechanieal foroes further by strangulation and
aaphyxia and aleo by stagnation of blood and hypoxia. This leads to
the development of cerebral oedema, which 1n turn tends to increaso
tho I followed by o further deatruction of nerve cells and of the
blood bradn barrier On tho other hand an acuto clovation of tho
IT will elicit & vasopreasor responsoe outaide the brain wath arterial
hypertonsion leading to decomponsation of the heart with stag
nation of blood in the lungs and in the right sido of tho heart. Theso
reactlons may be followed by pulmonary ocdemna andjor by
corebral codema  After the death of the brain autolytio processcs
became activo just as in corebral tissuo in o raline solution

It is dlear that these exporiments do not give us full inmght into
tho pathogencsis of tho lesions of every human caso but they
provide us with some general principles whioh aro valid both in
human and amimal pathology

J P Kuiperand A J M Brakhoo A new boodless method
for determiming the peripheral venows pressure

Departments of Dermatology and of Medical Physies of the R O
Unsoeraity Nijmegen

Tho venous stasis syndrome cannot be appreciated objectively
without a characterzation of the vonous muscle pumps. The capa
oity of thoso pump-mechanisms may bo ovaluated quantitativoly
by the determination of the venous pressure The dearcaso of the
peripheral venous pressure, caused by muscular axoroiso (e.g walking
movoments) and determined in & distal vein of the foot, is a measuro
of the funotion of the venous pumpa

This pressure decreaso in tho venous systom is attended by &
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ugrpcmmiomtothnmnlﬂﬂzrutoihmr-prmmbypmdm
. A. adduet.

In the expertments condurted by Tammers and by s, the pigs
ldno"l!:nvplpullrempthmduﬂngmvrﬂmonthluffoodln&
"erthermors in ALA. 18-fod antmah allergy to LA, 18 cuuld not be
xoved by intreentaseout injectians of ALA. 18. Every pig fod ar
ot fed with LA 18, reacted exactly the same The first L.c. Injection
0 2 oo of 1% emulefon of ALA. 18 guve rise after 6-8 days to s red
sipeble infllrate st the site of the injection the second and
[ollowing Le. injectons resulted in « similar infiltrate after 1-2 dayn,
If allrgy had been cstsed by the intestinal roate, it could be
uxpoctcdthutthnﬁﬂtLo.in}oeﬁoninthaM.A.lB—fodﬁgxb&d
given an infiltrate much earller than after 6-8 days.

Human beings, patients and controls, reacted in the same way to
Lo, injeation of WA 18 emulgdors an {nflitrate or & papule after
1- weeks on the sits of the Injectaon.

The concducon from lammers and our experiments s that
atiergy to 3LA. 18 andfor MA. dduct can be provoked eg by
intracutaneots mjoctions, but not ocally This is in contrast with the
experiments of Mali os. and their explanation of the papular
eraptiona in JLA. 18-fed plgs. A second batch of pigs was Lo
injected with 1%, JLA. 18, freed from the LA adduot.l) With this
ro allergie papules oould be provoked Probably the ALA. addnet
exmses the allerglo resotions after miracutanecus application. This
MA sdduct containe an anhyriride, which oan bind itself to
proteins. On theoretioal grounds ifali os conmdered the ALA,
edduct a5 the hepten responaible for allerglo rractions.

In oar opinion the experrments so far have faflsd to prove that
LA 18 given orally van proveks allergy to one of ita own compo-
nents, Our workong hypothesis is that the emubdfler JLE. 18 rmay

mtuﬂfytbolhnpuonofmwmmmufmmt
canss akin-eraptaons in man,

) W tbenk Prof Boldiogh end hia soworkens of the Ravearch Zabo
ratory of Usibwret (Viaardingen) for the diffieat and tim-ooomming wock
of prepanng ths punfied oooolSer
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1949) TP and TPP depressed the onzyme lovel squally effoctively
when admumstered in dadly doses of 1 mg during ten days. At that
doso lovel the offoot of the nor-derivative was much weaker Doso-
reaponso relations indionted that a similar responso to that of
1 mg of TP oould only bo obtained when NTPP had been adminis-
tered in daily doscs of 4 mg during ten days At thet doss lovel the
androgenic effeot on tho seminal vesicles is still weaker than the
effect of 1 mg TP

It 18 concluded that tho inhibiting effoct of the compounds inves-
tigated on the pscudocholinesterase activity is oorrelated to their
androgenio potency

{To Lo published in dotail in Acta Endocrinologica)
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L van dor Lugt and H Essovold Some experiments with the
emulsifier I E 18

The emulsifior AL E 18 was added to sovera! brands of margarino
in Vestern Germany and Tho Notherlands respectvely in 1958 and
1060 In both oountrics the introduction of this omulsifier was
promptly followed by nn explosive opidoniio of erythome multi
forme-like eruptiona.

e will not discuss tho controversial modical opinions coneerning
the dircot causo of this discase hiere but we will confine oursolves to
tho results of some experimonts on pigs

Pigs wero oxperimentally fed with susposted margerino by Mnll
and oo-workors by Lammors (R IV Utrecht) nnd by us.

Mali 0.8 described pepular eruptions i pigs after sovoral months
of feeding tho margarino Tho suthors interproted theso eruptions as
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therceordlngoftheeoumntbmufﬂmlrgmmdumofmm
fwmmdydthnnwvzrynfthaﬂtdmpantorymm

G A Mook P Osypka R E Sturm and F H Wood
ngnﬂedba.mrmaho-b!wdbyﬁbu-o;twcdhda

Lab Veg Phynology Ursversily o] Gromngen, The b etherlands and
Mayo Graduate School of edicins Rochaster Ainnesola, US.A

The apphication of flber-optits, monnted in a cardlao catheter to
record oxygen saturation and dye dilution eurves by messuring the
light reflected by blood from intracerdiso and other intravascular
siten, was introduced by PoLawyr and Hemm in 1982 Bics large
variations in the blood reflection cocur especially with changes in
blood fow compensation for thews non-specifie effects mast be
attained before acctrate measorements can be made Therefore o
two-color tectmique must be used.

The instrument used contains & Light source {Tungsten lamp
10 V-8 A) {lfuminating the Incident fiber bundle of the catheter
Thia bundle tranemits the light to the intravascular tip of the
fiber-oplio catheter The refiectad Light t conducted by the cutput
fiber bundle and split by a dichrofc mirror The two beams then
traverss additional fitters before reaching the detecting and com
penaating photomultiplier tabes (ROA 7103) The eatheter nsed
contained 60 fibers per bandle

Fiber-optio reflection spectrw. of oxygenated and reduced ox blood
smples were mads with this ingtrument, the filters being removed
udn[:h:“' DU spectror (alit width 0.2 mm)
[T source These kpectra show an lsobestie “reglon” between
840 and 280 um ﬁmhhulpemu(thenmh\wdnmpln
obtainedd with the same set-np naing & second fiber-optio eathater
to tramsilluminate the blood show an isobestls point at about
790nm,1‘haloﬂﬂm0(fhnhﬂbaﬁcpthtfcxﬁbd-opﬁenﬁw&m
Mmuﬂmmmmmﬁmdfudogbloodnmmby
rmtdmgthnch‘ngnd(homﬂeﬁlonollﬂd‘hlhbodfﬂﬂowbxg
nh;‘ogrnbn-thing,uﬂngdiﬁ‘mnthmfuwmﬁhm

'or oximetry the instrument, therefore incorporates
ﬂ\hw\kmmhimnmnmintbempemmaghm;]m.:;
lMOnmﬂ]tcrl:uthodrttcdngchmmLFetdCBd(mmye(

{ndocyanine green, flltera with peak tranmnision at 500 and 929 oo
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E Mecter and O L Wolthuis The spontaneons recorery of
respiration and neuromuscular {ransmuasion 1 the rat after injechion
of cholinesterase inhibitors

AMedical Biological Laboratory of the National Defence Rescarch
Organization TAO Ruyswyl (£ 1 )

Little is known about tho length of the period during which
artificial respiration (AR) is required to save animals poisoned with
various anticholinesterasca. Rata (200 g) were anacathotized with
veronal (215 mg/hg) and subscquently injected (s.0 ) with vanous
doses of DFP sarin or soman Immediately thereafter 10 mg atro-
pine was given (1p) and AR was started At half hour intervals
AR was stopped to toat for spontancous breathing The AR time
wasdetermined being the timo between the injection of the powson
and tho beginning of that test period In which the ammal proved
able to breathe unaided for at Icast 60 minutes.

Each doso of poison was tested in at least 6 amumals. With all
polsons the AR time increased with tho doso. Rats polsoned by
2 and 4 x LDy DFP nceded 127 + 14 and 210417 minutes of AR
respootively  With 8 x LDy all animals died from heart failure
8arin poleoned rats, on the other hand ocould all bo saved from
64 x LD3o in 150+ 20 minutes. Resuscitation of soman rats after
2 LDy took 450 1 61 minutes. After 4 x LDy it took about 10 hours
in 3 out of 7 animals, the remaining 4 still needed AR ot tho end
of the oxperiment, 12 houra after poisoning

In order to correlato tho return of spontancous breathing with the
reoovery of nouromuscular transmisson, in a number of rats tho
disphragm was indirectly stimulated and tho contractions recorded.
A pnoumatio method wns used which allowed registration of the
muscle contractions with cheat and abdomen closed during ahort
periods of apnea following forced hyperventilation, At regular
intorvals tetanic stimulation was performed during 3 scc with
25 G0 100 and 200 stimuli per scoond. It was found that only partial
roturn of tho ability to sustain o B0/sco tetanus was needed for
adoguato spontancous breathing

Recovery of junctional transmission in the diaphragm was
compared with that in tho gastroonemius-solous musdlas. It appeared
that tho leg muscles could bo  synchronized with tho diaphragm
by hesting thom to the oorrect tomperature. If this was not dono
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Bow This s due to the reflecting propettios of the blood which are
Pr tly wavelength dependent This can essily be demonstrated
by measuring Sber-optis reflections at different biood flow rates and
plotting the values obtained at the two wavelengths (detecting und
compensating photooell outputs) aguinst each otber Buch a de-
Loﬁthxgonﬂ}compmtmgodllhnmf(}um)hlhghﬂym
Obrloasly for ideal compensation of flow effects, thia line mast be
straight and pas through zero Aatters are further complicated by
the fact that DJC lloes obtalned ,th oxygenated and with reduced
blood are curved in opposits directlons. oregver at lest for
oxygenated blood, the effect of changes in hemoglobin concentration
i opposite to the effect of changes in flow rate. Thuw, if one sucoeeds
n steaightening the D/C line for changes in flow eg with the sid of
an analog computer compenation for changes in hemoglobin
eonoentration has become worse It would seem thet for each
individual spplitation of the fiber-optic oximeter ar densitometer it
most be decided which aolation to these problems ia the most
favourable.

REFERENCES

Porawyy, ML L, and R. AL Hehir Rev 8ol Ioetir 33; 1030 (143}
Zuterea, W @ and @ A Moox, Madiral Reflection Photometry Mano-
greplt, Amen, The Netherlands (1962)

J Offermeier On fhe achion of 5-Hpdrorylryplamine om
sympatheho receplors

Department of Pharmacology Unirersily of A ijmepen

In many cases the effeet produced b S-hydroxytryptamine
{&-HT mmh\vhznzutedcnhht«{ugmlym:m:,hm
urequivocal an autodnhibitive effeet is often poticed when em-
pbyhgh}ghﬂdmﬁhhthemrhm&mhmudmthn
holated rat uterus, rat fandus strip, ete. (Ensramrs, 19€1),

Inn(loea)m-pmted-uuﬂmoﬂ-ﬁ'rmtdrem\knmptm
of the eat sphento musele and Foecanorr (1054) mentioned that
h!;hdau-ofb-HTpodblymmthanondrmﬂhntmpmh
therubbhmnﬂpmnﬁanngdmtbeuﬁmofhuwn{h!n

receptor blocking-agents, a
Totermet iy tL property shared by substances which
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aro used in tho detecting and compensating channels respectively

The fiber optio reflection of blood 18 very sensitive to changes in
homoglobin concentration In the range of 8 to 20 grams/100 ml the
reflection increnses nlmost hinearly with the hemoglobin concen
tration in contrast to findings of almost no chango in this range
obtmuned with conventional reflection oximeters (Zwrsrra and
Mook 1982) Tho best compensation for changes in hemoglobin
concentration 18 obtained by taking the ratio of detecting and
compengating photocell outputs as proposed by Polanyi This
ratio howover is not yet completely independent of the hemo-
globin concentration

The relation between the ratio of fiber optio refleotions at 880 and
640 nm (Rs%0/R81) as uscd by Polany1 and the oxygen maturation
as dotermuined by Van Slyke analyss is non lincar althongh the
deviation from hneanty is but elight However a good lincar
rolationship is found between tho logarithm of RMS/R#0 and the
oxypon saturation

Tho relation botween the ratio of fiber-optio reflections at 800
and 020 nm and tho indooyanme green conoontration waa studicd
in tho rango from 0 to 40 mg/l Both rntios, R2%/R¥ and RWO/Re
changoe non linearly with tho dye concentration However from
0 to 20 mg/1 tho doviation from hincarity is but amall We prefer to
usc tho R#®/R*? ratio which is moro conveniont for analog compu
tation,

Tolanyi uscs ono photomultiplier in his instrument originally to
avoid the problem of finding two photooell filter assemblies with the
samo reaponso charaotenisties We have ehecked our instrument for
statio and dynamio unbalance of the two photooell filter assemblies.
Non-speaific changes in tho ntensity of reflected light were pro-
dueed by varying tho distanco botween tho eathoter tip and a mirror
An analog computer was used for continuous ecomputation of the
ratio of tho two photocell outputa. Tho ratio appeared to bo indes
pondent of consdernble changes in the individual photocell outputs,
aa thoy follow the fluotnating refleotions. Therefore the dynamio and
statio reaponso charnotoristion of the photoocll filtcr assomblies aro
identical at least at the Jamination lovels at which they ato opernted
in tho fiber-optio densitometer or oximoter

Howover wnth tho oatheter tip in blood the ratio changes consider
ably with changes in bight reflection caused Dy changes in blood
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3 B Ploem Ths formation of rizg-chaped mitockondrin usder the
uﬁmo]:.#di;(hoﬂaolndﬂanmlddnhaollkmm
stk fetracyeling wnng fluorsscence microacopy with reflected Iight
Pharmacological Laboratory University of Amaterd,

The effect of 0 05 m)! dinltrophenol on the mitock dris in cells
Isctated from rat embryos (Re- cell line) was studied with the wid of
the phase contrast microacope In scoordance with the findings of
Frepemo (1084 1958) it was observed that after 1-2 hours of
treatment the mitochondris became thicker sud longer preseated
Jocal swellings and often tended to stick together

1f the treatment with dinftrophenol lasted longer than 3 hours, we
observed that most of the chondnoms was present fn the form of
ring-shaped structures with & diameter of 24 gm, showmng small
Jooal ewellingw.

litochondris can be stained vitally with tetracyciine (50 ag/m)
8 min) and show a yellow fluotescenoe after excitation with
vholet light, as deacxibed by Du Buy and Browacan (1981} Phase
contrust microscopy befare and after this vital stainivg, performed
in & perfusion chamber showed that the structure of the mitochon
dris was not affected by this eonoentration of tetraeycline,

When cells were stained longer with higher eoncentrations of
tetracyeline (8 h, 100 pgfml) & swelling of the mitoehondria could
be obeerved with phase contrast microscopy (see aleo Joumxry
and GoLosraon 1063)

For the mcrophotography of the fluorescence of mitochondria
stained with tetraoyclma very strong vidlet exettathm light J»
Decessary Thhtuhdsitdﬁomthau;htufnhighm
mcreury aro lamp with a dichrolo mirror in combination with

flection microacopy using apochromatic objectives with high NA.
Hulhtrmtedwﬂhdlnmvphemlmmhndvithtmuyﬂjy
{80 ggjml, 6 min), nearly every detail of the deformed

mitochondris,
visible with the phase contrast microscope could also be obserred
rlthﬂuormmlmm-

REFEREKCES
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—— Areh ( “ e
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sad J L. Sxowackn, Seience 133; 104 (1941}

Jormrer L7 adAL N Oal.bvﬂ:u‘ﬂum}lmnxlm(lm).



i} NETIIENLAWDS SOUICTY YOR PHYBIOLOGY AND PHARMACOLOGY

In search for test objeots suitable for tho evaluation of 5-HT and
related substances, the isolated rat vas doferens was used an organ
often cmployed for the evaluation of a-sympathomimetio sub-
stances Tho contractions produced by 5-HT on this organ can be
competitively antagonized by a-sympatholytics Different doscs of
an a-sympatholytio produce the same amount of shift in the dose-
response curve of 6 HT as corresponding doscs do in tho dose-
response curve of norndrenaline on tho ramo organ This means that
the pA: values (AriExs and vaN Rossoar 1057) found for an
a-sympatholyhe, for instance Droporidol are tho asme whether the
agonist employed bo 6-HT or noradrenaline

The rat fundus atrip preparation Is very sensitive towards
5-HT (Vare 1059) but higher doscs of 5-HT produce an nuto-
inhibitive offeot on this test objeat This auto-inhibitive effect can
bo competitively antagonized by an a-sympatholytio for nstance
plperoxano in doses of 10-¢ or 10~ molar

Berotonin in doses of 10 to 30 ugf/kg producce a mixed response
on tho blood pressure of a cat under pontothal anacstheain namely
a short-lasting pressor responss followed by a longer lasting de-
prossion of tho blood pressure Tho preasor responso oan bo comiplete-
ly antagonized by an infuson of piperoxane (10-12 mg/kg/h)

Tho above-mentioned results plead for an action of 5-HT on
e-sympathetio receptora whether this is a direst or indirect action
remaina to bo investigated

A marhed sensmtization of the doso-responso ourvo of 5-HT on the
rat fundus strip oocours m tho presenoco of cocaino imipramine or
adamantadine Scnsitization of the noradrenalino ourve on tho rat
vas doferons is also found with cocaine imipramine (vAx Rossow)
and adamantadine indicating that perhaps tho transport mecha
nism for noradrenaline and ecrotonin i similar

REFERENCES

Artiws, E J and J M vax Rossuw Arch. int Tharmacodyn. 110 a
1087

Enn().xxil V Drogr in Drug Rescarch 3; 151 (1901)

Fononaorr R. P J Pharmacol exp ‘Ther 111; 65 (1034)

Inwes, I R Brit. J Pharmacol. 19; 427 (106 )

Vane J R. Brit J Pharmaeol. 14; 87 (19309)

vax Rossuxt J 3 unpublmhod results,
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COXCLUSIONS

Inwmkwh.hmotygmnph&alc-mw%dthemuhnnm
\hnhnﬂnteoxygmuphhmﬂhcﬁnlddmtmto{thabbod
remaln at & comstant level daring an hoar s work.

lnlllexpu'lmzntlinvhichth.ombjeﬂmchedlpomtof
uhuﬂhn,thnhnﬂntnwmudmmﬂmum.ﬁxygmup&kb
and lactic neld were unly meximal with the beaviext work-loads,
with exhamtion within 8 minutes, Measurements of the asroble
apldtylnaxpeﬁmznuuﬂcngerdmdmthmﬂmlnuhanbo
100 low

A s tentative conclasion we think that, fn spite of 2 non maximal
oxygen uptake In work of longer duration the cardiso cutput s the
Imiting factor as the akin clrealation increases very considerably
in those casex.

H van Rees Ths remal axcrelion of maadelic aend after repealed
admimsiration of slyrene (o rals

Netherlands Instrtuts for Preveativs Methnne, Lnden

An hreestipption was performed into the renal exoretlon of
delio acid as an indbation of the elfmination of st 2d
ministered to rata.

After & single {ntraperitonesl injection of 8 mg styrene sn ex
poaentlal excretion of the metabalite mandelio ackd wus found, The
buologloel kalf time was 3} howrs, Thae fn 24 howurs mors than 909
of the mandelic neld formed out of the styrens is excreted, which
smounts to shout one third of the

After d intraper 1 administration of either 8 myg,

l!mg‘orlﬁmgttym(md.lﬂy In the morning during 4 days) no
d, as ws toded from the fact that the

daily excretion of mandelio acid did not inerease Howerer the
ﬁvﬂmdmmmdmwmhuuﬂtﬂumﬁeﬂanﬁ
was amaller after the highest doss than after both the lawer doses.
Bplhth:gthaoxuetedmmdalnuddlntodny-mﬁmu(fmmOtnB
mmmnﬁmmmem)mﬂmﬂmlnwsmuhm
slter administration) this fractlon app d to be independent of
\hedo-u-tnlgi:t,whﬂ.aduﬂngd;yﬂmehnppumdtubamlkr
lﬂcr!hahlghutduuthmlﬁathanﬂ:ﬂdm.

mwmyhmmhymlmpdmthtdm
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J Pool') and A Bowhuys ) Ezertion of longer duration?)

Laboratory of Olinteal Physiology Department of Internal Aledicme
Unweraty Hospital Lerden The Metherlands

Exertion of short duration less than one minuto is limited by tho
maximum oxygen debt With exertion of n duration of two to elght
minutes tho acrobio eapacity is the limiting factor

In order to analyse tho factors which limit tho work of longer
duration, o subject was put to work on n bioycle-crgometer at
different loads varying from 300 to 1650 Lgm/min until oxhaustion
followed or to a maximum of ono hour During and after work,
measurements wero made of heart rate oxygen uptake ventilation
Inctio noid and pH which was estimated 1n arterialized finger blood.

RESULTS

Oxypon uptako and Jactic acld content of the blood showed &
oonstant level in work Jonds np to 1050 kgm/min heart rate also
ahowed a constantlovel in Joads up to 750 kgm/min. At higher work
lovels, howovor thore was a oonstant rmse of theso factors. The
subjoot bocamo oxhaustod within an hour with work loads of 1050
kgm/min and more

With work loads which could bo maintained for 8 minutes or
shorter oxygen uptake heart rate and laotio acld reached maximum
values, When exhaustion cocurred aftor at least 10 minutes of
exertion mnofther oxygen uptake nor vontilation or lactic aotd
content reached maximum lovels for this subjeot nor did the pH
smk to o very low valuo Only tho heart rato increased to a maximum
Iovel In all experiments which lod to oxhaustion

In an oxporiment at o working lovel of 300 kgm/min skin ciren
lation wos measured by venous ocolusion plothysmography of tho
fingor During the work test tho skin ciroulation incroased by o
factor 4 in half an hour Tt is supposcd that this increase was

neocesary for heat regulation

Prescont addross:
1} Department of Cardiology University Howpital Lokden
8) John B Piorce Foundatin Laboratory how Haven, Connoctiout
Us.A
8) This study was supportod by tho National Tuboerculosls Assoclation—

Ameorican Trudean Bocloty



NOITR FEDTRATIVE WEXTING LEIOEX Juex 10-11 1985 i3

dmdtynfehdtedeﬁeohhgruterfuroqmlpmbdﬂhydndng
(Pipenhv).Thhmumnhlghﬁlsn\ofmﬁmluuﬂtyvh}ch
evidentlly Iasts over a longer period.

W J Rietveld Coniribution of vanows relixal areas o the runeal
evobed poteatial {n the human corfer

Department of Physiology Umsternty of Luden

In previons investigations It was found that the ccdipitocortical
reaponse to lightfisshes in man Is & polyphaate waveform In which
ssreral elements can be identified.

A positive A wave st abont 30 meo after the flash te folowsd by
soveral negative B-waves at 50-70 maco, which fn their turn are
folkowed by » deep trough (I} at abont 150 msec. The Ister part of
the respones comdsts of s surfase-negative wave (E) followed by
somo after-oeciilations. In experiments with varlons Juminons dises
and riogs it was found that the main contribution to the respomse
was furnished by the most central part of the foveal ares. The B-
and [ waves are genersted in this ares ooly whils the later com
ponents originate in the perfpheral areas, too,

Forthermore it was found that the B-wavea signal looal Jlumi-
nation level while the later waves, on the other hand, recefve inte-
grated information from rather extended aress

Separate Mumination of the foreo-parsfoveal quadrants showed
Bard [ to be of different origin. The I’ wave spresds slowly fegm its
site of atigin at & rate suggesting an interneurons] pathway

The behavicur of the eomponents of the visual evoked potentlal

indicates that at least three different systems ars Involved In ite
formation.

D Bprult Vanability of the wsensible wonter Permaction throwgk
the heman shn

o)

T of Dermatology B.C Ui ¥ of X jmegen.
The diffulon of water throagh the sk 1x vito i

registered wi
tke aid of an elestrolytio water analyser (Gassrrr and Vmou‘:
1983 Crawknaw sod Davipsox 183%), and found to be conatant
for abont an hour or more Thhl.mtnih)apnnplntbnh:m
bcmmcd(ewmahmnmnﬁornhocm(“'mm 1083). Yet,
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tho first perfod after administration of tho highest doso tho maximal
capasity to convert atyrenoc into mandelic acld was appronched.

G A Reijntjosand G van don Brink Visual facilitahon IT
(expernnents)
Dept of Aeurophysiology Unirveraity of Gronimgen

Temporal and spatial propertics of the facilitation mechanism
proposed in n provious paper are atudied

The exporimental arrangement provided two 10 maco Jightflashes
with vanable intenmty and variablo interval Tho contres of tho
flashea were preacnted 7 temporelly from the fovea in the observer 2
dark adapted right oyo

In tho first oxporiment undertaken to study spatial aspeots of
faalitation a large dinmoter fiash (6°) and a small onc (3 ) wero
presented  simultancously Tho probabllity of sccing tho small
finsh ¢, wns kept constant that of tho large flash ¢ was verled
botween 61 and 00 Tho probability of scemng tho largo flaah in
oreascs with intensity Tho number of clicited cffcots inereascs then
by which tho average mutual distanco botween the effeots decroascs,
Tho amount of faollitation deponds upon distance so that tho
probability that a subliminal large flash Is facihitated by o small
flash and bocomes viaiblo in its entirety increascs with inorenaing
intensity Tho distance within which facllitation ccours sppears to
bo distinotly greator than tho distaneo within which subliminal
effeots add up

The second experimont was undertahen to study temporal aspeots
of faciitation By variation of tho interval botween tho large-dia
meter Aash and the small ono it s shown that facilitation Is activo
over o larger intorval than addition ja.

In the third experiment two bar-shaped stimuli woro used. The
two bars wero porpendicular to each other and formed n cross
when perocived together Theso stimuli were of equal voluo and
yot casily distinguishable. Each of thom could facilitate and be
facilitated by tho other one

Using those stimuli the interval within which facilitation ocours is
distinetly greater than in tho first oxperiment This must bo due to
the fact that the surfaco of the stimuli is much smaller than the
surface of the large oircular flash in the first exporiments, so that tho
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Qamror H. R AL vax and B, R. Vieaxoor Dermatologics 187; 283
{1983)

Marr, 3 W H,LJ trvest, Dermn. 273 451 (1988)

\VmEH,nlhedeﬂ'GﬂdlDtuuehﬂKmum_
Mainz, Jay 8, 1985

W J B M van de Staak DUse of the heatsd thermocouple
method 1a measuning the blood-circulation m the abin
Department of Dermatology R O Umizernty of Nijmegen

The surface-applicator as described by HexszL (1058 1059) was
modified. Using this applicator good information wus obtained about
the blood circulation through the skin. Messurements are besed on
the princple of the ‘heated thermocoaple-method

The transport of heat in the akin is dependent on the conduction
through the tissus and on the convection by the cirenlating blood.
By reducing the arterial crenlation to nought (total ocolusion) the
contributions of condustion and comvection can be separated. In this
way it s posible to obtain Information abomt the circnlation
throngh the ekin.

The measurements revealed significant differences between the
circulation of pormal indinduals, patients with hypertensive ulcers
at the legs, and patients with ecorum puellarum,
The patlents with hypertensive uloers showed hardly sny resctlon to

oectunon and no reactive hyp ts after total ocel Patients
with erythrocyanosts crurum pusllarum showed only s miner
reastion at octinsion, but the reactive b

yperaem{s was often fairly
normal
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W F H Btrodr Oa fhe infxencs of wmolecular weight
concentrations of dertruns on the KSR o
Pharmacolopeal Dept of Porite Products V V., Amaterdam
Thhh:mﬂgaﬂouhthcruultoﬂhaumﬁimtdohﬂnﬂcm
the
the SR of blood, mized 4 lwﬂhdzmuuftﬂ.ﬂ.'ermt)!v(loo‘)o:
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when measuremonts aro ropeated on differont days, the rosulta of the
values found ot exactly the snmo aite of the skin differ vory much
eg 063 065 081 080 074 074 0756 004 mg waterfom?3/h
In five individuals tho coofficiont of varietion waa found to bo
about 129, of the averago value of the individunl insensible perspl
ration

Tho water permeation P through the shin—just liko through
synthetio membrancs—is dependont on the absolute tomporature
(BLAxg 1062 Marnr 1050) acocording to

In P=~E/RT +1n Po.

Tho exporimental valuo of In P plotted agalnst 1/7° is shown
to bo very well in ncoordance with this physlcal relation in s
viiro experimonts nnd rosults into a straight lino It s also possiblo
to demonstrate this relation in 1n viro oxperiments but not always.
Eapeolally when tho temperature of tho akin is ehanged slowly
doviations from the straight line aro registered After tho skin has
been cooled tho tempornturo graduslly inarensea again The values
of tho insonsiblo porspiration during this inerense are lower than
thoy were during cooling Insensible-perspiration skin-quality has
boon improved as permontion dooroasod It fs possiblo to proserve
this quality for a short timo by quickly lowering the temperature
of tho skin It is shown from tho identlcal alope of the curve
that —though tho pormoation has beon doorvased ~the activation
onergy for permesation E is just tho samo as boforo A physio
logleal change of tho insonsiblo perspiration of tho skin ia mado
most probable by tho result of this oxporiment

A gradual deerenso of the skin temporaturo is also ecoompanied
by a chango of the permeation quality of the skin Now permeation
is boooming higher than might bo oxpooted from the physical
relation. A similar varation is notod when sweating coourn.

Tho variation of the permeation quality of tho skin may amount
to up to 37 % of tho average valuo of the insonsible porapiration So
changos aro quito fmportant and may influenco tho ovalustion of
tho functional protocting quality of the skin appreoiebly
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B A Verhey ) L C 3l vanKoulen )andP E Voorhoeve )
An extreme form of presynaptic inhibition by Ta Afferents

Dept of Phynology Ustvernty of Leaden

Praaynaptio inhibition in the spinal medalls depends on partisl
Sepolariation of afferent flbres diminishmg the aite of the incoming
Impulses. Thess amaller impnlves cause a gmaller amount of trans-
mittet-substance to be liberatad at the synapse.

1t i known from the literature that In afferents from flexors are
the only ones among the muscle-spindle sfferents which exert a
moderate depolarhing +fect mpon other musde afferents.

In previous investigations (Vooxmosve and Vemmey 1963) #
was shown that selective activation of In afferents by close arterial
fnjection of mecmyl choline (SCh) into fexors cansed & depremban
of monosynaptio refiexes by 25-50%. This depresion was dus to
presymaptio nhibétion.

In the present investigatlon it was found that sctivation of
moscle-spindles in hip flexors and -adductors with 8Ch eanred a
total depremion of the quadnoceps monosypaptio reflex, while
monosymaptic reflexes from other musdle afferents wers only
Turtally depressed.

Primary afferent depolarization of the quadriceps Is aferents wus
Appn:mxbymmmexniuhﬂltyofcbmﬁbruofmnwk
to direet stimulstion with & microtlestrode in the muclews (Eccrrs
o al, 1843}

It fa murprising that hip flexor In afferents exert this extremely
potent presynaptic inhibitory effect only on the quadrceps mono-
synsptic reflex, especially as they do not scem to have any other
speeifio functional relationship to the quadricepe.

REFEREXCES
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was ascribed to the formation of complexes botweon differont dextran
fractions and the plasmn protemns In order to Investigato this dex
tran BP was fractionnted Into 0 fractions and solutions of ¢ 8 and
10 per cent were prepared from cach (AIr Gauw)

It was found that erythrocovtes conted with dextran molooules,
suspended in hepanne-plasma, in defibninated plasma or in serum
did not, sediment at all or very slowly After treatment with prota
mune which sediments sclestively flbrmogen o normal ESR was
observed It was coneluded that fibrinogen playa & rolo m the
conting of tho ery s and that doxtran-coating blocks the ‘receptor”
{according to tho achemo of Ruhenstroth Bauer) on the membrane of
the red corpuscles and so provents their sedimentation Fibrinegen
forms complexes with all the investigated dextran fractiona fn the
threo concentrationaused Nonoof thoother plasma proteins wath tho
oxeeption of & 109 solution and f-globuline combines with nll tho
fractions,

Electrophoretically it woa shown that the eediment in plasma,
caused by two doxtran fractions (Mw 141 000 and 500 000) consisted
of fibrinogen A-globulino and pracalbummne ie the proteins which
—acoording to Moller and Gramlich —are absorbed on tho orythro-
oyte murface Whon normal 3 x waahed erythrooytes wero suspended
1 sorum or in defibrinated plasma mixed with dextran all 3 concon
trations sedlmonted in the samo way 1o tho IAWD scdimented
very slowly tho HAMWD (185 000 and largor) sedimented very
quickly and tho NAI\WD (95 000-185 000) formed a transition group
This wns not duo to a lnck of fibrinogon but to the thromboeytes
used in tho clotting process as was concluded from o comparablo
sequenco of ESR s in dtrato blood (3 8 per cent tri sodlum citrate)
oand in hepanine-blood {only 8 %, dextrans) It was shown by soveral
authors that the inlubitory offect of heparn on tho coagulation of
plasma is in Invorso proportion to the number of platelots or amounts
of platelot material espeoially of platelet factor 4 Tho rathor compll
cated intcractions betwoon blood and heparmn are difforontly
influoneod when 68 8 or 10 por cont doxtran ia added Thus has to bo
inveatigated moro oxnotly That dextran internots not only with
tho plasma protoins but also with blood corpuscles is shown in rats,
whero 1t causcs mast-cell disruption with roleaso of sorotonin and
histamin. It wna found shat thoso reactions also depended on the
M of tho fractions uscd and thelr poroentagos.
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A A Veryeen snd H E Derksen Alembrane vollugs fixo-
tucttions
Dept of Phynology Universuly of Leaden

The finetuations of the resting nerve membrane potentist of the

ﬁ'ognodno{R;nvicrex_h{b{ul/]tmdtnqumny-pactmmiadu
rangs between 1 and 10 000 rad.sec?
The energy oontent of this spectrum is related to the flux of
potassium {one.
REFERENCES

Doumer H E, Amon membrane voltsge flustustions, Asta Physhol
Phermmool. Neerl 13; 373 (1985}
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potential
of axone and tbe problem of coding Kybernstik 2; 153160 (1965).

P Visser and 3 J W Kchuwael Tonneman Ox a s0-
called spalial factor preresting imterference between loarming and
relearming codes in an eacoding expernnment

Depariment of Paychaphysiology Physiological Laboratory Usvers
of dmaterdam

On s form & of 120 charact 4

ly drewn from the
four consonanta B~D—N—R, is coded into a mumber-code by
writing under each character o figure ancording to a given eode
(eg B-D-N R=1 .-34) Each enbject has to eneods eight of smch
{ormAﬁunbtuksmtorm:memodcdtwcldlng\aa
aecond code ©g  D-R-B=2-4-1-3. In otie series of elght forms the
thmmedfarn:hfcrmdoerun_vhkhbdhtumhm{ng
process. The thnes used for each form of the second serios sre
compared {0 the corresponding times of the first seriss. In most of
thnbjecuu:ﬂaumuundzdwbobnguhxthemdnﬂm,
= ed
'hhhth”“m!;r;;ﬂ*;m andhthnctmtntzr{qembetm

Thntdltmmmdtnghw\,’mwd‘w
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A Vorapnille deetylcholine and the negalive chronotropio effect of
ademine derivalives on the frog heart

Dept of Phymology Umiversty of Utrecht

In the appendix of a previous paper (VERSPRILL, 1085) wo
ooncluded that the negntrvo chronotroplo effect of adonine derd
vatives on frog and mammalian hearts probably cannot e ex
plained by a prooess of deamination of theso substances ns DruRY
and SzeNT GYSRGYT (1020) supposed.

Acoording to experimenta of Bezxax (1051) ATD releascs acetyl
choline {Ach) from the motor ond plates in tho AL reotus abdominis
of the frog Addition of ATP to the perfusion fluid of this isolated
musolo causes an aocotyloholine-lihe contracture which ia abolished
by d tubocarmo and augmented by escrine

Porhaps tho negativo ohronotroplo offcet of ATP and other ade-
nine derivatives is caused by o relenso of Ach from tho cut offerent
vagus-fibres,

Wo studied tho offeot of AT and adonine on frog hearts during
perfusion with Ringer s solution and during porfusion with Ringer 8
solution +atropine (0 1 mg?%) Tho negative chronotropio effect of
ATP and adencsine was not influenced by atropino which did
complotoly abolish the depressivo offoct of 10ynootyloholine on the
frog henart

Wo ooncluded that ATI and adenosino do not releaso acotyl
choline from vogus-flbres.

Wo also ropented the oxporimenta of Beznak In 34 experiments
we did not obsorve any eoffect of ATP on tho 3 reotus abdomimis
of tho frog not evon during porfusion of the musclo with Ringer s
solution +eacrine

Tho only differenco botweon Beznak s oxperiments and ours 1s tho
difforonoo 1n tho ATD proparation Boznah usod Ba or G salt of
ATP which was preparcd by Szent Gy8rgyi Buchtal or Morgan
With Nn-oxalato or Na-sulphato he got tho Na-salt of ATP Weo
used tho dipotassinm salt of ATP from N B Co Cleveland Perhaps
an Impurity in the proparations of Bornak caused tho oontracture of
the AL roctus abdominis, Wo havo no other real explanation for tho
differencoa in the results of Beznak and tho results wo desoribed
above
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Furncrymu;da\mgﬂhtbo!muntedanbomﬁtcdinbo.
pamnhgno{thtmuimum{mmdthnlmgﬁutmlﬂhnhm
ts expreseed In this way the sume relaticn is found between the
foees and the electromyographio activity for all musele lengtha,

0 A ter Weemes J W F Beks and E J Ebels Ezperi
mental cerebral cedema

Departmens of Newrophywology Newrosxrpeal Clime, Depariment of
Pothology Umrernly of Groningen

Different kinds of hypertonto solutions are nsed in negrosurgloal
prastios in combating cerebral cedema,

In order to gain sn tméght tnto the activity of these salntions it s
Decessary to dispose of laboratory animals with cersbral oedema
and 10 be able to provoke the oedems experimentsily One of the
methods kv looal hypothermis of the eerebral cortex.

In our experiments wo used sdult cate, Cannulas were tntroduced
Into an artery and & vemn 2 needle was moved into ons of the lateral
cerebrsl yeniricles local codling was applied to the cerebral aortax
at the opposite xide by means of a thermode, screwed into & tre-
panation hole

We tried to obtain information aboms the relation between the
intraventcieular pressure the arterial bloodpresaurs and the
clinionl puthological pieturs at an increass of the Intracranial pres-
sure gatll the moment of cerebral hernlation.

During tho gradual inereass of the cerebrospinal-fluid pressurs
respiratory sod cardiovascular disturbances oceurred.

I 1o therapentical measares were taken the oat died of bernistion
of the brain stem,

The wrangement aod the resalts of some experiments
discnraed at the meeting e
REFERENCE
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Arta Phymol. Phars. Yeer 135 317 (1965, il



82 NETIFALANDS SOOIETY FOR FHYSIOLOGY ANMD PILARMAOGOLOGY

device which shows one character at a time of the used randomized
sequence of 120 characters B D N R while encoding takes place by
pushing one from & Ime of four push buttons according to the
B-D-N Rwbutton ( place ) code used When this mechanical
devicoisused the nterfercnoo between the learning or first cods and
the relearning or scoond code does not ocour From the introspes-
tions given by tho subjcots a hypothesis 1s induced that the spatial
arrangement given by the push buttons prevents the osourrence
of interference In order to tost this hypothesis in & new group of
subjeots two ecnies of differont forms are tosted Half of the number
of subjcots started with the above-mentioned learning snd ro-
learning of the consonant-to figure codos whereas the other half
storted with forms on which & consonant-to ‘place ocode was
given. Under cach charnotor of theso forms a lino of four aquarcs is
printed one of which must bo cheoked according to the given code.
After an interval of weeks tho subjeots are tested with tho forms they
did not havo In their firat teat It 18 found that the so-callod spatial
factor thus introduced on tho forms provented the ocourrence of
mterference between learning and relearning coden. With the
mechanical device a comparabloe experiment is dono by cnooding
with ono push button only the interferenco reappears. An analysis
of varisnce gave mgnificance of threo factors at a 0 01 level respes-
tively transfer from one soesion to the second after the break, differ

anoco botween oconsonant-to-figure codo and oconsonant-to-placo
code and interferenoo between learning and relearning

J Vredonbregt W G Koster and J Al Westhoff The
relation betuween the electromyographio actimiy the force exerted and the
length of the m. biceps under static condifions

Institute of Perceplion Imsulindelaan 2 Ewndh

The rolation betwoen the clectromyographio activity and tho
foroe exorted by the m bioeps, was mcasured at the wrist under
statio conditions at different musolo Iengtha.

The force was varied from zero to maximum effort. It appears that
tho valuo of the clectromyographic activity increases moro than
proportionally with respect to the foroo oxerted At a constant
myographio activity the foroo marosses with the length of tho

mauscle.
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For svery musele length the force exerted can be converted into &
pamhgadthom;dmmfmuthnlmgthnhw If the foree
fs expreseed in this way the same relation is found between the
force and the electromyographio aetivity for all muacle lengths.

O A ter Weeme J W F Beksand E J Ebels Experi
mental cerebral oedema

Department of Nexrophysology Newrosxrjical Clinic, Department of
Prtdology Umicernty of Grommgen

Different kinds of hypertonio solations are used in neurosurgical
practics in combating cerebral oedema.

In order to gain an imaight into the activity of thess salutions it is
Decessary to disposs of laboratory animah with cersbral cedems
and 1o be sbls to provoke the ocdema experimentally One of the
methods fa looal hypothermis of the cershral cortex

1n our experiments we used adull cats Cannulea were Introdnced
fato an artery and a vein a needle was moved into ons of the latersl
cerebral ventricles local cooling was appiied to the cerebral cortex
1t the opposite sxde by means of & thermode, screwed into a tre-
Pamtion hole

We tried to obtain information sbout the relation between the
intraventriculer pressure the arterial bloodpressure snd the
clinical-pathologieal picture st an inoreass of the intracranial pres-
surs untll the momrent of verebral herniation,

During the gradual increaso of the cerebrosplual-fuld preseurs
respiratory and eardiovascular disturbanoes cocurred.

If 5o therapeution! measares were taken the oat died of herniation
of the brain stem.

The arrangement and the results of some experimen
discrased at the meeting s were

REFERENCE
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O L Wolthuis and E M Cohon The effects of PyS Ll
and T'3! B; on the 1solated rat diaphragm treated wnth tabxn or soman

Medieal Biological Laboralory of the National Defence Research
Organtzation TNO Rijmonyl Z H

Tho offcots of cquimolar concentrationa of P48 Lils and T3,
weroe m\estigatod on the indircotly stimulated isolated diaphragm
preparation of tho rat Inhibited Ly tabun or soman Additional
oxporiments with tho same oximes and inhibitors wore performed
on intaot atropinized rots Oximes were added (injeoted) cither
boforo or after tho nervo gases.

The resuts show differential effcots of the three oximes in goneral
P43 is moro active agninst intoxication with soman whercas T3 By
and LiHy aro moro effective agalnst poleoning with tabun

The results indicate that neither of tho oximes studied is tho drug
of choico against intoxication with organopliosphorus inhibitors in
goneral tho final outoomo of oximo administration also depending
on the atruoture of the inhibitor involved.
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KETHERLAKDS SOCIETY FOR ENDOCRINOLOGY

ABSTRACTS OF PAPERS READ UNDER THE AUSPICES OF
THE 8OCIETY AT THE SEVENTH FEDERATION MEETING

OF MEDICAL-BIOLOGICAL 8OCIETIES
AMNSTERDAM APRIL 14-15 1988

ProgmAnE

Bar, H. and P G SwrLix, Effect of hypothalamio slons on MSH
content of the ipterinodiat lobw of tho petultary in the rat

Calyxr JMLF D and D 1m Wd Factors nvolved in the reguistion
of aldosteronn secrotion in sodlum deficlent rate

Drmonosr H. 3 Lo Fusaooa, B KA Visxs, W 8, Corr and.
A. P vax Szrxas, Forther nvestigation of a prw hereditery
defect in the blowynthesis { aldosterone evidence for & defoct
fn 18-brydroxyletion of cortiocstrrons

Gmoor C. A. bT, Ovarian aworbio scid deplation h intact and hypo-
physertamursd recipnt rats cagsed by hypothalamic extracts

Hawroo Jacxx, W A orx H.J var pxa Hex, J M. B. V pr

Heps o't Vo L. ¢ W C. px Guoor and E. B. vax prx Baaex,
Urmary extretion of stllbeno derivatives in exitle after intrs.
moscolar injection of Desrxine

Mowxw H.J vaw pxaand K. I B X, Evtimation of tota] mam
and wpecilic radiosctivity of several sterpids in eantne testienlar
vem blood and testirular tierse following {n tire kxfosdon of

4 T hydronypremimdtme vie the sermatic artery

Romx, 0 P ax Artenocptutasy FEH and L levals before
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WAL, B vax prw, J Brunevers, M F D Cakwxy and D pE Wxp
Lffeet of ACTH and ang in IT on akle sccrotion by
rat adrenal tiesuo 1n ritro 03

Zrmaaxrn G H  Prolonged lactation in mico and ite cffect on
mammary tumorigenens 1]
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H Bal and P G Smelik Effect of kypothalamio lesions on
MSH-content of the wtermediate lobs of the pilwitary 1 the ral

Department of Pharmacology Medieal Farulty Univernty of Utrecht
The Metherlands

In order to invostigate whether hypothalamic stroctures may
be rvolved In the produetion of melanocyte-stimulating hormane
\)Eﬁylmmwdinmﬁdpﬂnnﬂhhhymhlhmmd
feraale rats, After one wesk the snimals were merifieed, and the
postetior Jobe {pans intermedis & pars neTvom) wus removed and
extracted, The MEH content was determined {n vitro on akin of
the lbrard Anolis carolinensis, secording to the mathod of Buzares
{1961). As u referencs standard synthetic a MBH was used, so that
the JMEH content could be expremed in g o MIH-wctivitefpor-
terlor Jobe (PL)

The posterior lobe MBH content in 27 sham-gperated control
anfmale appeared to be 109 + 014 pg/PL.

Lewdons destroying the median-eminence-stalk region of the hy
pothalamus had no aignificant effect on JBH conteut (088 + 017
#xg(FL mean of 23 sntmals). In 38 animaly the anterior part of
the hypothahmms hed betn destroyed by the lesion in thets
animals the MBH content amounted to 069+ 014 pg/PL
(p<008)

Destruction of the posterior reglon of the hypothahumns m 15
saimals resatted in s MBH conteny of 187 + 040 pg/PL. The
difference with the sham-operuted ecntrols was not significent
(p=01)

The results suggest that the hypothalamus may exert a positive
u““ulnap!hehﬂmoﬂthefummofthep-uhtq
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regelation of aldosterome secrefron in sodimm deficient rata » the
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Umng the rate of aldosterone acorotion by rat adrenal tissue
1 viro as on index of 18 miro aldosterono secretion, tho influence
of various factors which might be involved 1n the regulation of
the secretion of aldosterone was investigated in the sodiom deficient
rat

Aldosterono seorotion by adrenals of sodium deficient rats was
2 to 3 times the secretion by adrenals of anjmals on a standard
diet

8ix houra after removal of tho kidneys from sodium defient
rats the increased rate of aldosterono sccretion was not algnificantly
diminished Bimilarly six houra after total hypophysectomy aldos-
terono sccretion rates in tilro were not matermally decreased.
However romoval of both ladneys and hypophysis decreased
aldosterone secrotion in sodium defloient rats towards tho level
of that found in animels on a standard diet 6 hours after the
operation

Blockade of the CNB by ohlorpromazine and nembntal choted
2 marked drop in the rate of aldosterone secretion tn tifro by
adrenals of sodium deficlent rats within one hour Desoxyoorti
costerone aocotate in a dosage of 2 mg per 100 g injected sub-
cutaneously also decreased aldostorone secretion rates of sodium
defiaent animals The effect was most marked at 6 hours after
Injection of this steroid

H J Degenhart* L Frankena H K A Viesor*
W 8 COost**and A P van Soters Fyrther inveshgalion
of a new hereditary defect 1n the biosynthesis of aldosterone d
for a defect \n 18-hydrazylation of corficosterone

*Depariment of Paediatrics State Umivernity Hospital 59 Ooster
singel Gromingen * Red Cross Hospital The Hagus  **Department
of Clinical Endocnnology and Diseases of Metaboliam Umiversily
Hosprtal Leden The Netherlands

Reoently we have desoribed throo rolated children with o salt-
Iosing syndrome and urmary Cu cortioosteroid pattern highly
suggestivo of an 18-oxdation defect In the biosynthesms of aldo-
sterone (VIssER and Cost 1964) Theorotically there aro at least
two possible defeots in tho biosynthetio pathway between corti
costerone (B) and aldosterone (ALD) In case of a defect in 18-
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hydmxyhﬂouufBurblrytxneﬂunwamehbohcunhouldbe
high and excrstion of tetrahydro-18-hydroxy 11-dehydrocorti
costerons (TH 18-OHA, the most important metabolite of 18-OHB)
and tetrshydro-aldosterone (TH ALD) should be low In ckes of
s defeet of dehydrogenation of the Cu-hydroxymethylgroup in
18.0HB urlnary exeretion of both B metabolites and TH 18-OHA
shoukd be high. The latter defrct was deseribed by Uniex d ol
(1884)

We have now determined excretion of TH 18-OHA and TH ALD
in urnoe of the two infants from the family desaribed by Vmarn
and Cosr (1064) using the methods of ULiex of al (1064) with
modifieations. Urines were collected when infants were 5 and 3}
months old during a perod of severe sodium depletion and dehy
dration. Urine was extracted with CHCly after penodio oxidation.
Extracts were purified on silice columns (20 %, water <0 08 mm,
clutlon with acetone-chloroform) and ek graphy on paper
using the systemss F/MeCy Tol {1 1) and Etodc Tol {7 3) 83 *89
After acetylation with Acy0-Cl* acatates of etiolactones of TH
ALD and TH 18-OHA were chromatographed ming the systems
F[MeCy CyH(Cls (88 289) and CyHLLCly-'Tol (1 1) 83 280 Acetatea
were finally purified by TLC on Kieselgel H (bentsne-cther 1 9
CHCI-MeOH 99 1) end quantiatively eatimated using llquid
wcintiflation techniques. TH ALD-H?® and TH 18-OHA H? were
olated from the urine of an adrenalectombized woman after Ly
injection of ALD-H? and 18-OHB-H? Results wers

(ag/24 h urine)
THALD TH 18-0HA
Tat 1 17
19
1, B
Control (51 yr), basal 10 e
sodium depleted ' a

L2

Thtso findmge strongly suggest an 16-h

rdroxyiation
the eawo of the ealtdosing syndrome defect s

REFEREXCES
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Using the rate of aldosterone secretion by rat adrenal tixsus
1n vifro a8 an index of tn mivo aldosterone secretion, the influenes
of various factors which might be involved in the regulation of
the secretion of aldestorone wns investigated int the sadium deficlent
rat

Aldosterone acoretion by adrenals of sodium deficlent rats was
2 to 3 times the secretion by adrenals of animals on & standard
dlet

Bix hours after removal of the kidneys from sodium defielent
rats the increased rato of aldosterone secretion was not sigmficantly
diminished Sumilarly six hours after total hypophysectomy aldos-
terono sccretion rates sn tiro were not materally decreased.
Howoever removal of both kidneys and hypophysis decreased
sldosterone scerction in sodinm deficient rats townrds the level
of thnt found 1in animals on & standard diet 6 hours after the
operation

Bloakade of the (N8 by chlorpromanne and nembutal ellojted
o marked drop in tho rate of aldosterons secretion 1» rulro by
adrenals of sodium deficient rats within one hour Desoxyoorti
ocosterono aocotate in & dosage of £ mg per 100 g injected sub
cutaneously also decreased aldosterons secretion rates of sodium
deficlent animale, The effeot was most marked at 8 hours after
injection of this steroid

H J Degonhart L Frankena®* H K A Visser
W B Cost**and A P van Soters*** Further inveshigation
of a new Reredutary defect sn the biosynthesis of aldosterone d
for a defect vn 18-hydroxylation of corticosterons

*Department of Paediatriea Stats Universily Hosprtal §9 Qoster
singel Groningen  *Red Cross Hospital The Hagus Department
of Olimical Endocrinology and Diseases of Metaboliom Umiversity
Hospital Leiden The Netherlands

Reoently we have desaribed three related children with a salt-
Joamg syndrome and urnery Cu-corticosterord pattorn highly
suggestive of an 18-oxidation defoot i the biosynthess of aldo-
sterone (Visser and Cost 1964) Theoretically thers are at least
two posaible defeots in the biosynthetio pathway betwsen cortd
costerone (B) and aldosterone (ALD) In caso of & defeot in 18-
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h)ﬂruxyhﬁnnumeinnryexmﬁﬂnumerubolhulhouldbo
high end excrotion of tetrahydro-18-hydroxy 11-dehydrocortt
costerone (TH 18-OHA, the most important metabolite of 18-OHB)
and tetrahydro-aldosterone (TH ALD) should be low In case of
a defect of dehydrogenation of the Cu-hydroxymethyigroup i
18-0HB urinsry excretion of both B metabolites and TH 18-OHA
should be high. The latter defect was deseribed by Urtex o al
(1884)

Vo have now determined excoretion of TH 18-0HA and TH ALD
in wrme of the two Infants from the family described by Visser
and Cosr (1984) using the methods of ULick of of (1084) with
modifications. Urines were collected when infants were 5 and 3}
months old during & period of severs sodium depletion end dehy
dration. Urine was extmacted with CHy(ly after periodio oxidation.
Extracts were punified on silioa colomns (20 %, water <008 mm,
efution with acetome-chloroform) and ch phy on paper
ustng the systems F/AleCy Tol (1 1) and EtoAo-Tol (7 3) 8S 289
After acetylation with Acy0-Ctt acetates of etiolastones of TH
ALD and TH 18-OHA were chromatographed using the systems
FPIeCy CiHLCI (88 289) and CyH(Clr-Tol (1 1) 8S 280 Acetates
were finally purified by TLC on Kieselgel H (benzepo-ether 1 9
CHCIyMeOH 99 1) and quantitatively estimated using liquid
scintillation techniques. TH ALD-H? and TH 18-OHA H? were
isolated from the urine of an adrenalestomfred woman after Lv
injection of ALD-H? and 18-OHB-H? Results were

{mg/24 b urine)
TH ALD TH-18-OHA
Put I 17 Iy
Pat IT 18 n
Controd {5/12 yr), basal 10 3
sodrom depleted 41

3

Thmﬁndhg;ﬂmg!yrnggﬁtml%—hydmxyhﬁondefeﬂu
the esuso of tho malt-lowing syndrome

REFERENCES
Uneex, B. et ol, J clin. Endoor 24 049 (1381)
Vs, IL K. A and W 8 Coer Acta endoer (Kbh.) 47 589 (1984).
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This work waa supported by grants from tho Netherlands Organ
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laboled 18-hydroxycorticosterone

C A do Groot Owarian ascorbic acid depletion wn intact and
hypophysectomized recipient rats cansed by hypothalamic extracts

Departinent of Pharmacology Univeraily of Leiden The Netherlands

In imitation of MeConn we have tried to estimate luteinizmg
hormone relcasing factor (LH RF) with the ovarian ascorbie acd
depletion test His method includes prepaning acid tissue extracts
(from the hypothalamic nrea contamning median emincnce and
hypophyseal stalk) and heating these for ten minutes in & boiling
water bath in order to destroy tho protein LH while leaving the
less labilo peptide LH RF intact

In trying to asacas the effeotrvoness of this form of proten
destruction with tho aid of crude rat hypophyseal extracts, we
found that some LH-activity remnined about ono eighth of the
original amount This remnent of LH-activity is still found after
a heating period of 30 minutes A difference with AMcCann s method
18 that we neutralize our extracts beforo injecting them fntra
venously

Wo deoided to uso another way to distinguish between LH and
LH RF effects, t1.. by comparing tho nscorbio acld depleting
actrvity of hypothalamio extracts in intact and hypophyzectomized
rociplents agaimnst tho responso of graded doscs of NIH LH. The
pscudopregnancy of the hypophysectomized fomale rata was main
tained with prolactin

The dopleting activity of hypothalamic extrnots (heated or not
tho effcots are the samo) found 1 normal rate was often absent
n hypophyseotomized recipients. A marked activity in hypo-
physoctomized recipients, howover can result from hypothalamio
extracts obtained from hypophysectomized adult donor rats,

W A den Hartog Jaoger H J van der Helm J Al
B V deo Jong and M Mator Sixdies on playma creatine
phospholanase ta thyrodectomized rabbits

(To bo published In Biachemical Pharmaoclogy)
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L G Hulsin t Veld W C de Groot and E B van
den Broek Unmary excrihion of stilbene denvatives catile after
tntramuscalar 1njection of Desenins

Laboratory of Eadocrinology National Institute of Healtk Amster
dam, The Aetkerlands

Samples of urine were collected dafly from two femals 10-week
old ealven. After one week, one of these an{mulbs received an Intra
muscalar injeetion of 125 mg di-oxy-dlethylstilbene-di-prophonate
(jelly form)

The urinary samples were tested for oestrogenie action by o
blokogical technique (Allan Doisy test) and for stilbene derfratives
by a chemiol techulque. The nutreated snimal showsd & very
low oestrogen excretion the reaction to stilbene derivatives wus
Degutive throvghout the investigation in this xnimal, In the second
calf, administration of the synthetia cestrogen was followad by an
intrewss in unnary oestrogen exarstion the reaction to stilbene
derivatives, morsover was distinctly poeltive The exerstion of
oestrogens and stilbene dertvatives was determined during a total
of 7 weeks,

Ths results obtamed led to the decixion to make s large-scale
study of the pomibility to use urinalyais in testing slaughter-homse
cattly for having received trestment with cestrogens.

H J van der JMolen and K B Elk-Nes Estumation of
tolal mazs and speciffc radioacimly of scveral starords in camng
testienlar v Blood and testicular tures Jollowing 1a viro 1afesnion
of 4HC-3f-hydrorypregu-§-en 20-ona ma the spormatic artery

Department of Obstetrica and Gynaecology State Umicernty Utrecht
The Nclherlands and Department of Diclopieal Chemistry School of
ediane Umirersity of Utak Salt Laks City Utak, U84

44C Preguenolone with or without ICSH, was infosed via the
spermatio artery in anesthetized doga. A several time intervaly
rpermatio venoms blood was collected snd extracted at the end
of\hotnfmhnthatmumomnd,homm:dzndmdn
M&devmg-ddjthad’ﬂhbdedmeummhdm
he semples were analyzed for both ¥H and UClabeled and nn
Iabeled androst-8-ene-38 17pdiol, 38 17a-dbydroxyprega-S-en
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20-one 17 hydroxyprogesterone testosterono dehydroepiandros
terone androst-f-cne-3 17-dione 3g-hydroxypregn 5-cn 2-one and
progesterone

Beparation and identication of the individual sterolds was
achieved using paper thim layer and gas lignid chromatography
Estimation of the mass amounts of tho individual sterolds was
performed following gas hquid chromatography using flame fom
zation andfor eleotron capture deteotion

The results of the estimation of the unlabeled mass amounts
of tho ateroids the acoumulation of 140 in individual steroids, as
well as tho speocifio radioactivities of the different compounds were
discuased 1n the light of the existing coneopts of steroid blosynthesis
in the (dog) testis.

G I van Roes Antertor-pinrtary FSH and LI levels before,
during and after psendo-pregnancy in the rat

{To Lo published in Acta Endocrinologiea)

P G Smolik A4 dopaminergio tnnervation of the intermediate lobe
of the plwrtary!?

Depariment of Pharmacology Medical Facully Umiversity of Utrecht
The Netherlands

A histochemical method for the dotcotion of monoamines ac-
cording to Falck was nppled to hypothalamic and hypophyscal
tissuo of albino rats An intenso fluoresconce indicating the presenco
of noradronalino or dopamine was found in tho median eminence
tho stalk and the intermediato lobe The morpholegical appearance
suggests that fibro tracts orgmating in the median ominence enter
tho intermediate lobe via the hypophyseal stalk.

In order to diffcrentinte whether tho fluorescent material
derived from norndrenalino or from dopamine sevoral pharma
ocological pretreatments wero uscd. Administration of reserpine
caused a completo disappearance of the fluorescent material. Pre-
treatment with « mothyl meta tyrosino which converts nor
adrenalino into non-fluorosoent metaraminol did not alter the
fluorescenco Injection of « methyl-dopa followed by administration
of reserpine by which proceduro only dopamune is deploted, resulted
in s depletion of fluorescent material Finally disulfiram treatment
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ocking the couversion from dopamine into noradrensline bad no
efect on the fuorescent matenal.

Tt is conoluded that the medisn eminencestalkk region and the
Intermedists lobe contain a high dopamine content suggesting
that dopaminergic pathways of eentral origm to ths intermediate
lobs exist, which may play & role In the endocrine fanction of the
intermediste lobe

T Tiabbes J D Baars end P B Blom Glecoss-G-phor-
phals dehpdrogenase (G-6-PD) delerminations in Awman adiposs
Haree

The Mwmapal Hosprtals The Hogue The Metherlands

The content of G-6-PD was 4 ined in human subcutaneons-
and omental adipose tisme The adiposs tusue was obtained during
operation the age of the persons ranged from 23 to 84. The G-8-FD
content of adiposs tissue i of great importance for the activity
of the hexose-monophosphate shunt. The NADFH, caused by this
way js ementis] for the appearance of Jong-chain fatty acids so
the G-6-PD actlyity has an influemee on the fatty ackd synthess.

The G-8-FD activity in the omental adiposs timue was signifi
eantly higher than in the subcutaneous adipose timue. Thers was
found po difference of the G-8-FD content of sdipose tlsmes
between men and women. The G-6-PD activity of the obese persans
was lower than of normal and lean persons. This difference was
cnly mgnificant for the omental adipose tisaue.

It was coneluded that by this way we found no difference between
the fatty acld synthests of men and women slso we found no

+videnoo for a higher fatty acid synthesis in sdipose tine of the
obese

A Vermeulen Detearm mation of produchion rfe of some hormaonal
oterods
Depariment of Internal Mediine Umirernly of Gent Belgivm

Metbods are bascd either on urinary hotope dilution ar on
metabolic clearance rate (M.CR.)L

Prineiple of jsotope diltation s radiosctive hormone tracer fntro-
duced in the blood stream will be bolized just like the end.
oushormone all metabolites of the endogenons hormone \rﬂ?
hbelkdlnd\bodnuthudthnmmhsmdmmmy:‘
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hormone sccreted Tho metabolio clearnneo rato can bo defined as
tho volume of pl oleared plotely and lrroversibly of tho
hormone per unit of timo In conditions of steady atate the hormene
production rato fs then MCR x plasma concentration of the
hormono

In the abseneo of & unique urinary metabeolito of the hormono
the urinary isotopo dilution method cannot bo used the metabolie
clearanco tato on tho other hand gives only meaningful results if
plasma hormone lovels can Lo nocuratoly dotermined and if the
Intter do not show important nycthemeral variations In the latter
cancs hourly production rates ean be determined but these may
not bo extrnpolated to the 24 h

Cortisol production rale in gonerally determined by the isotopo
dilation method Best results are obtained when after initial
scparation by paper ohromatography ILE and H,F arc oxidized
with periodio acid (Metealf Fown) and the 11 OH-otiocholanclone
is chiromntographed on thin Jayer Final colorimetry is performed
with tho Zimmermann reaction Normal production valuea
16-30 mg/f24 h

Corticosterone production rate is determined by mensuring tho
speeifio nctivity of HyB and allo HyB using BT for colorimetry
tho fow apecifieity of the latter reaction requires extenane purifi
ontlon of tho oxtrnot Normal valucs 05— mg/24 h

Compound 8 production is dotonnined by oxidation of IS
isolated after initinl paper chromatography Dircet oxidation in
tho wrine leads to falsely high values as pregnanotriol is also
oxidized to ctiocholanolone Norma! values 0 2-1 mg/24 h

Aldosterone production rates can bo dotermined using cither tho
aldestcrone-3-0xo-conjugate or tetrahydro-aldosterono When the
3-0xo-oonjugato is used double ieotopo techniques aro generally
omployed Tetrahydro-aldosterone allows tho uso of blue totrazolum
for quantitation although hero again carcful purification is re-
quired due to tho low specificity of BT Normal values 50-°00
w24 b

The use of the isotope dilution technique for the determination
of testasierone production s subject to much critiolam at least when
uecd In fomalea or hypogonadal malea Indeed testosterono glueu
ronido used to dotormino the jeotopo dilntion cannot be considered
to bo a unique motabolito of testosterono but arixes for an ap-
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preciable amomnt directly from and dione in the peripheral
tsoes without testosterone being seereted in the blood stream.
With the increased semitivity of methods for tbe determination
dplm&ﬂmmnthen&&mdhodmﬂobotbemeﬁwd
of ehaice for the determination of testosterone production. Normal
valoes males 414 mgf24 h, females 03-15 mgf4 h.

J van der Vieaand J de Visser Ths achon and exerehon
of ostriol dikemi ale after dministrat
Exdocrindlogical Research Department NV Organon, Oay The
Netherlands

Tho balf 1ife time of oewirol dibemisuocinate in blood after
Intravenous administration to patienta was found to be 7.2 min,
which Is in agreement with the results abtained in rate in previcas
«xperiments. The unnary exeretion of oestrogens was increased for
a period of seversl days following intravenous fnjection of the
sterodd to patients, indieating a slow elmination from the body
This bong Iasting excretion was rather unexpected because elearing
{rom the blood otcurs 80 rapldly Experiments on rats were under
taken in arder to prove whether the Jong lasting urinary exeretian
of ocestrogeny represented & blologically active level in the body

B van der Wal J Brulnvels 3 F D Csinky and
D de Wied Effeet of ACTH and angiotennn [I on cldowerone
aecretion by rat adremal lissue in nitro

Department of Pharmaeology Medical Facully Umienrsity of Utreckt
The Yetherlands

Total corticosterold and aldosterone secretlon by rat adrensl
glands 1 oifro were used a3 an index of » A
actrvity
Quartered adrenal glands were incubated for 1 o  hours under
suitable eonditions, Total corticosterold secretion was
by LY sbeorption. Aldosterone was isolated by thin layer chroma
togeaphy and measored by sodiam flnoreseencs on peper
meﬂ'tctoh\(!n{md-ng’w&m«mnmﬂduummﬂ}ou
rl;nudhdfnnhmmnduddktlndcnhldeﬁdentlﬂm
n mats on stardard dhet the level of endogenons ACTH
nhuulbynox}omﬂlmulhndhvmhy\c«my thnul.mu;:
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influenco on total oorticosterold scorction was observed akdo-
stcrono scorotion remained at the lovel of control animals, The
injeotion of & high doso of long-ncting ACTH Into hypophysccto-
mrzed animals caused o slight but non-algnifieant increaso in
nldosterone acorction § Angiotenmin was administered to intaot and
hypophyscotomized rata, No offect on nldostcrone sccrotion conld
bo demonstrated

In Na<deficient animals however aldosterono acorction was
marhed)y Jnercased by tho mjection of ACTH It appearcd that
in theso rats exogenous as well as endogenons ACTH stimulates
aldosterone acorotion considerably No incrcaso in aldosterono
soorction wns observed when angiotensin IT was adininistered to
Na-defioient hypophyscetomized rats.

G H Zeilmaker Prolonged lactalion 1 mice and 1ls effect on
tmammary lumongeness

Biologieal Department The Netherlands Cancer Instifufe Amsferdam

In previous studics lactation in mico could be meintained during
two months by litter replacemont (PArkes 1020 Skiye snd
Moheowx 1034 MnLeook and Trxapgrax¥ 1061) In 3 multi
parous rata Bruoa (1058 1001) could prolong lactation during
10-12 montha by providing thom with 8-10 days old litters.

In an attompt to exploro the cffcots of prolonged lastation on
mammary gland tumorigencais 34 (CaHy x Ox) Fy hybrid mico ro-
ocived 2 pltuitary isografts under tho kidnoy capeulo during
pregnancy  Tho Iactation peried in 37 of thoso animals could bo pro-
longed to 7 months by giving thom 0-2 days old infant mice twico
weokly Tho averngo oombined weight gain of tho two litters was
10 grams por weok In 7 otherwise identical casce milk preduction
coasod aftor 4-8 months.

In 13 mice without pltuitary grafts the lactation performance
gradually doolined from 30 g litter growth per week to 5-10 g
por week over o period of two montha. Following exposure to older
young an inorcase in milk yleld was obtained (510 g htter
growth per week aftor 7 montha) in 11 casce.

In o third experimont 10 forunles bearing 2 pitultary isografts
wero unilstorally thelostomized Fivo animals wero allowed to
nurse the othors scrved as controls. After two months of lactation
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themckledghnd:wmncdvelymeﬁngmﬂkvhﬂeinthabb&ad
glands the atveoli had atrophied (WiLLzAMS 1841) except for thoss
localired n the periphery of the gland These perrpheral alveol!
bgdyrohblybcmfonnedrmntlymdmuldhxmmgrmedhtcr
dtenmlodofdmmlntham—-uuklcdwnmbthedvmhr
apperatus In both the Intact and thelectomized glands was lesa
wdlptmvdt}nnfnthethcledumhcdghnd:ufﬂnmckkd
mice Many hyperplestio ‘nodules were observed in the glands of
the non-suckled msee.

The difference in maintenanes of the alveolsr svstem in the
th lectomized glands of the suckled and non-suckled mice can
Peobably be attributed to the fanction of the pitultary gland in
six, This wonld imply that the mammotrophie secretions of the
pitultary gland 1x sitw of the suckled mice augment significantly
to tho effect of the LTH secreted by the two pitaitary grafts.

In & fourth experiment the effect of prolonged lactation
on mammary tumorigenesis was studied in MTV bearmg
(CaH x Ow)F1 hybrids, which all had received 2 prtoltary fsografts
during the latter half of pregnancy Eleven of theso mics were
allowed to murse continuowmly following parturition. The other
11 animals were not allowed to nurwe. Ten of these had developed 16
mammary tumory within 6 months post partum. The eartiest
tumoe appeared 3} months post partum.

In caly one of the lactating animals & tumor occurred &0 far
the post partum perlod being 8} montha
mmmslhvh}d:thomryhmmonﬂeﬂ'muf

suckling stimulng and o postible sspecifio nodnligents effoct
of unflateral thelsctomy (Frxxre and LrrTLr, 1052) wers eliminated,

clearly sbowy that kctation provents tumotigenesis to s large
extent.
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roputation
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Congress Manager Mrs Helena B Lomp XXIV Intornations!
Congress of Phyalological Smences, 9650 Rockville Pike Bothesds,
Maryland 20014 US.A
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APPENDIX snalysss of covariancs m

1 INTRODUCTION
11 (Jr¥rBil INTRODUOTION

A man in & moderately warm and dry sovronment sweats in
order to lowe s required amount of culoties provided that the
cwest peodneing mechankm ean meet the demands. For exmnple
at & work Joad of 70 keal/min in an amblent temperature such
that the heat loss by radiation, convection and conduction, Le
the non-evaporstive heat exchange, js 2.0 koal/min, the man swoats
after & certaln time lag in order to diipats 50 kealjmin. This
malntensncs of thermal equillbrium fs, ey Guaszr snd Nywomo
(1057} pointed out, the fundamental property of temperature
coatrol in man. This Is, however & trulim since it only means
that the first law of thermodynamics known in this fleld of physi-
ology ay the heat balance equation s valid when applied to »

P Ned wystem » th Joally ec lisd water
bath aleo shows a perfoctly maintained thermal balance albeit
urually with an on-off type of control. The obeervation of & heat
balance does not give any information es to how and on what fnpat
the control mechaniun acts it only states that the soatrol mechantam
works

The problems of thermoregulation in humans arise i the searth
for the sppropriate incoming xignal of the regul hank
Many investigators agroe thet there is some internction between
internal (rectal esophageal tympanic) and waperficial (akin)
Wpﬂninruuﬁ:sdﬂvhrgicnahth«mﬂmﬁng,cm
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Powdbly the best solution for the problems of the mode of
interaction between internal and superficial temperatares s the
one given by Haxoy {1061) It Is & type of swmmation of the
mbimdlnpuuﬁomthe(w)mmptm-ﬂmthsbodymrﬁm
and in other body timmes that finally determines the action of tho

tare regulatmg system” Accordd to this, other thermo-
receptocs than those in the hypothalamus (NsEKaTaMa, 1081
HimDY ef al 1084) and the skin es has been demonstrated in
the spinal cord (THAUER, 1062) and resplratory tract (BLrou 1857)
can alw play s role It agrees with Vax Bravuoxr's statement
that “the measurement of tomperatures at other aites than rectum
tympanio membrans and epddermis wartants serinos consideration”

The present fa an attempt to estimate the change in mean body
temperature during different combinations of work and heat load
or m other words “the summation of the combined inputs from
the receptocs all over the body” from direct calorimetrioal measure-
ments inatead of the usual procedure of weighting skin and internal
temperatures. It seems worthwhfle in many respects to combine
calorimetry and thermometry not only because this provides a
pecesmry oross check but also beoauss it might shed new light
on experimental facta which have so far not fitted into the conespt.
of thermoregulation, sach as

111

After o perlod of work and heat load the sweating rate drops
very rapidly in fact much faster than any internal temperature.
Very fow tims constants are reported explieitly 1n the literatare,
From a graph published by Norwarx and Nrevsxew (1962) & time
:m-untu[iaminunbeuﬁm.tadto:dupmphgadtumm
sturs W Exaes. (1084) reports » double exponentlal functlon for
mzedjmofmltmpmmmﬂthﬂmadtam whers

me comtants aro 37 and 70 min respectively Rorrssox
(mu)repa-t.thnmjnglnmmdmp-pnﬁp{wudymdu
lututbelumpantmu{thebloodintbﬂfamcnlw{n,'hﬂetha
mmhumpmxmhpbehlnd_hhhmmtttndymammx
A el 1983) quite n faw graphs are given sweating
ntulndnnnmbernrunnlwmmtmulndmrn\:lyluvuﬂ
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controvorsy exists howover as to tho problem how this interaction
takes place Thoso investigators who baso therr conclusions largely
on steady state or quam steady stato obsorvations find a type of
internction first proposod by Ronmsow (1840) & moro or less
straight lino rolationship between internal temperature (on tho
absolssa) and sweating rato (on the ordinate) at a high mean skin
tomperature this rolation being shifted to tho right at lower mean
ahin tomperatures. Ropixson and also N1eLsex and NIeLsEx (1065)
find nearly stroight linoe Bryzmvorn ef al (1963) slightly corved
lines WyNpitax (1065) o highly non hinear curvo (saturation of
the control syatom) with smallor fnclinations whon shifted to the
right BENZINGER rojeota a ahift to tho loft at skin tomporatures
higher than 33 C whereas VW yxpirast domonstrates such a shift
Theso investigatora agroo that internal tomperaturo is mainly
determined by the motabolic rate and is indopendent over a wido
range of ambiont temporatures and that mean skin temperature
is mainly dotormined by ambiont conditions and largoly indopondont
of metabolio andfor sweating rate (NieLsex 1038) Other invest!
gators who moasuro fast rosponses pomnt out that tho above
montioned typo of Internction cannot nocount for poripherul
roflex aweating BreBNER and AloK KrrsLake (1061) demonstrato
that the forearm sweating rate follows tho oyoles of oyclio radiant
heating of tho trunk with o delay of not moro than 1 6 soc. In his
oxtensive roview of the prosont state of hnowlodge in this fiold
Vax BraumonT (1005) demonatrates o delay of not moro than
16 sec aftor starting oxorcise (IAaar (1964) confirms tho rapid
responso of the sudomotor systom to radiant hoat this response Is
ovon approximately quantitative a gnin of 130 hecal/mt h was
counteraoted by an noroass in evaporation of 100 heal/m3 b within
two min The associated riso in shin tempernture waa just over
2 O accounting for an additions! heat losa of porhaps some
15 keal/m® h A aimilar quantitative rolationship botwoen heat
golp and hent loss ia domostrated In anothor flold of thermo-
regulation namely in vasomotor rofloxes Coorer e al show &
quantitative rolationship botwoen heat input by radiation (1850)
or immeralon of an arm in hat water (1004) and hoat lom from
the fingor with astonishingly short dolay times both in febnle
and afebrlle pationts provided that tho Intornal (oral) temporaturo
is stablo at the clevated levol
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P L1
Prolonged heary mosoolar exercies (8 koalfmin) during neady 4 h. In the

Jost 283 min the work Josd was set higher (10 kraljmin) to decnoostrase
that the sweat produck -

of ncreasing e rats.

msto; B W 1 body weight; 46" welght loss doo to evaparstion.

mary to emnme that the set point is reset at » higher valoo under
certain oonditions, At present fever is recognised as the rewnlt of
tuch & set point ahift (Coorzz d al 19084 Awnrmsrx ¢ ol 1961).
The riee in internal temperature dos to exerrise ju aleo explatned
by an edevation of the set point temperature {NTELANT and Nrrrary
1962) although Jacxsox and Hasoeer (1963) point omt that this

has pever been definitely proven. They investigated hypothalamic
temperatures in exerciring dogs and found no rise i thie temperature.

12  PLix OF INVESTIOATION

A comblmtion of thermometry and celotimetry mearw thst
buii:-ﬁ:utmmbody!empenmru(mﬂ,lﬂnmﬁmualkh)
lﬂkﬁhmdtmdthohuthhnmeqmﬁon,lahutpmdmﬂgn

hymeubolnm.beah-bymponuonmdmnmponﬁmheu
hange most be (Y] h 1)

ly and -
M\s\oh\.n\jmh:urmbaunluufporﬂ Ancﬁmhw-zﬂn
mmntdbmmmhudlntbbodydmhgtbpeﬂodof
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gated (such as musole saphonous and femorsl vein temperntures)
agamnst time

112

SwerLEN (1000) demonstrated by moans of tho heat balanco
equation thst oxtornal work In grado walking on tho treadmill
was {dontical with the calorlo equivalent of body weight times
goined hoight A stnking phenomenon although not mentioned
in that psper can bo seen in figuro one of that study namoly that
dunng ono cxporiment while groas metabolic rate heat exchango
by radiation and convootion body temperntures and onvironmental
conditlons were ossentlally unalterod tho sweating rato and m
consequonce (in this cuso) the heat loss by evaporation changed
by exactly tho esme amount ss the calorlo equivalent of the
external work.

113

It is known that dunng prolonged exerciso {n & hot environment
without drinking tho rectal tomporature shows a small but constant
riso aftor reaching tho lovol corrosponding to the motabolio rate
(Prrrs el al  1044) For tho sake of demonstration such an oxperi
ment has been repeated with the tools desaribed in Chapter 2
and this is shown in Fig 11 Tho roctal tempornture will reach
& oconstant level only when thoe subject ia allowed to dnok (Prrrs
¢ aof 1044 Miorncrsox 1980) Moreover when the subject s
hyperhydrated tho rectal temparature will reach a lower level than
the ono corresponding to tho metabolic rate (AMororr and Biss
1965} The divergence botweon swesting rato and body temperaturo
oa shown in Fig 11 cannot bo oxplanod Ly tho current oonospt
of thermorsgulation

The problems mentioned above might all be covored by a model
in which some tempersturo which is vaguely a summation of
tho combined Inputs is comparod with & sot point value and
in which the difforence from this sot point value acts as the stimulus
for tho swoeat producmg mochsnism Maintonanco of tho belance
botween heat input and output can be achioved merely by somaing
o temperature However severs! obeervations have mado it nocos-



rig 11

l‘rohncrdhuvymhrn-\i-(lh:dfmin)ﬂnrhun-ﬂv(h.hth
lask 20.2 i, the work load waa ses Lighee (10 koalji) 10 derocoatrste

that the sweat pr haniem ls otpable of xing fta rate.
(khrhnmh-mlyd--.—o'l‘lhbt.l“l. mean skin temperatare Dot oor
rected for the 56 error of the messuring davioe) Mpme hot

rate; BT body welghts &7 walght Jow dus o evaparstion,

sary t0 asedine that the set point i reset at & bigher value under
certain oonditions. At pressnt faver fa recognised ax the result of
such & set point ahift (Coorrn o al., 1864 Axprmsrx el ol 1061).
The riw in internal temperature due to exercise o also explained
by an elevathon of the set point temperature (N oz SeY and Nrepaey
1082), although Jicxsox and Haswrr (1963) point oot that thh
has never been definltely proven. They investigated bypothalamio
temmperatures in exertbsing dogs and found no rise in this temperatare.

12 PLix OF INVESTIDATION

A combination of th v and 1y meams that
besldes the current body temperatures (roctal, akin and rean skin)
allleft hand terms of the heat balance equation, 1.4 host produetion
bymeu!:oﬂtm huﬂonbympm—;ﬂonmdmnmwﬂvnw

hangs must be as y and direotly s
possdble in keal/min or other units of power An eatimate of the

smount of heat acoumalated in the bodv during the perid of
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work and heat Joad and dissipated in tho recovery period can ho
mnde from tho algobrnio sum of the total amounts of ealones
gained (andfor produced) and lost in cach porlod provided that
at the atart and the end of cach period gaine and lossea are In
equilibrium

It is desirablo that tho subjoot starts cach oxperiment from as
nearly as possiblo identical conditions nnd it ie imperntive for
tho above mentionod estimato of tho accumulated heat during the
period of work and heat load that he reaches o thormal stoady
stato prior to the poriod of work and heat load

13 EXPERDIENTAL DESIGN

From the above follows tho oxperimontal proceduro namely

a) a period of mtting in o givon climate until all rolevant
physiological variables (roetal and skin tomporatures non-ovapo-
rative hoat oxchange) and responses (metabolim sweating rato)
roach o constant levol

b) o period of expowsure to a combmmation of work and heat
load until & thormal stoady state is reached

0) a period of recovery sitting in the olimate as under a) until
the above moentioned phyaiological variables and reaponses roturn
to their onginal lovola.

Duning tho whole procedure reotal and skin temperaturcs as
woll as air tomporatures and humidity aro measured at small timo
intervals During a) and o) weight loas and non-ovaporative heat
exchange aro moasured continuously and metabolic lieat production
at appropriato times During b) woight Joss is meastired at intervals
and motabolic heat production is measured over a conveniont
period of timo This procodure is ropoatod starting from soveral
initial climatio conditions and with different combinntions of work

and hoat load

2 SUDJECTS AND METHODS

21 BSunyzoms
Two healthy male students served as aubjoots. Their physical
characteristics wero



MMAN BODY TIMFERATCRR AND TRERMAL SWEATONG w1

sabjeet W K. wibject ¥ T

- 11 yrers 23 years

body beight b m 118 178

body wright io kg 7083 s.d, 0485 (1% perien) TAO8 w.d. 0.684
TS wil. 0823 (2™ series)

body eurface area 196 o 1.90 m

(Dreoms snd Dowors, 1916)

Subject WK wat & medieal student who was not speclaliv
trained for phywieal exertion. Between the first and second eeties
of experiments his body welght incroased by approx. 4 kg which
he gradually lost again during the secood series of experiments.
Bubjeet ¥ T was ¢ student In physical sducetion who was, thanks
to his edueation, well truined to overcome physical exertlon Both
subjects were not acclimatised to heet. Dunog the experiments
they were clad in shorts socks and gymnastum shoes. They were
ot aowed to drink during this period.

22 BrqUEXCE OF THE EXTERIMEXTS
2213
To test the plan outlined sbhove & setirs of experiments was

carried out with sobject W.h. accordmg to the schedule given
in Fig. 21 The exposure times wers chostn according to previons

e = grwdbed ewbximber

Rad oad

ot o |
~Hﬁ_-——‘l\'~*ﬂ———‘—~lh-h
Fg 21
Schedulo of the Arst swice of experwsents with subject WY,
Tn::mnm; d;.mt ; :{u""é(;h'“‘“”"
13 i3y Lb-expnhnmlmhu-hdum%,[
arder
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experience preliminary oxperiments with tho gradiont ealorimoter
and tho ‘harness (sco 23 2 3 ) have shown that ono hour for the
first ponod of mitting was suffiorent to reach n balance between
hoat gains and heat lossos three weighing mtervals in ono hour
wero sufficiont to obtain & duplicato determination of weight loss
the duration of the socond poriod of altting was one hour mostly
owing to limitations in availablo time The figures in the central
block diagram represont tho oxpoeriment numbers {n chronological
ordor They altornated light-heavy light heavy according to previ
ous expertence umng sweating rate as & meoasure Thers wan one
experiment a day and not more than two a woeok, This sorics of
106 dotorminations gave promising reenlts (soo 6.z middle graph
subjoot WK Fig 327)

292

A larger serics was domgned for o sccond subject v T with threo
onlorimoter tomporatures and 12 combinations of work and heat
load per enlorimeter tomperature or 36 exporiments in total. The
soquenco of the exporiments was randommed by ranking them in
order of soverity and ranking 38 consecutivo numbers in a tablo
of random numbere. Tho result in given in Fig 22 Thia sories of
exporiments with the sccond subject oould not bo completed due
to an injury to his foot (not ocourring during tho cxperiments)
After his recovery the remaining avallablo days were so usod that
as muoh as possible the same combinations of work and heat load
por celorimetor tsmporature weore invostignted 26 oxperiments In
total were mado on subject v T

223

Tho flrst subjoct completed also two sories of oxporiments
starting from the two othor gradient-calorimetor tomporntures
Tho soquonce of his oxporiments was taken from thet of the other
subject omitting all exporimonts starting with 35 O A total of
40 experiments were made on thia subjoot. His complete sohodulo
is given in Fig 28

Where necossary a given expenmental proceduro is abbroviated
aseg 30-7}-20 indicating & gradient-calonmetor tomperature of



Vi ot

Schedale of the seies of exporiments designad for sabest v T The ringed
experiments were aotoally sarred out. Number of expaiments 3

35°C s net metabolio heat production of 7§ keal/min in the
climatic room at 20° QL

23. MEASUBEXENT OT BODY TEMPILRATURFS

The same peincipls was applisd throogh the rectel tempers~
ture was meastred with & thermistor and all other body tempers-
tores were d with eopper. thes plos wa
differences against the rectal terpersture a0 the referencs temper
ature might chengs by some degress. A difference, however of
eg 10°0 with » reference temperatare of 36° C gives almost the
wme EJLF as o difference of 10°C with 38°0 as & refercnes
temperaturs (Handbook of Chemistry and Physies p 2717 1081}
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8chedulo of the completo aeres for subjest W k- Number of expermmienta 40

231 DPecdal temperature

The reotal temporaturo was moasured at & distance of 20 om
from tho aphinoter In the metal tip of the rootal eloment (11 mm
diamotor) tho thermustor mounted on n high quality oo-axial
cable and 20 coppor-constantan thermojunctions wore ombedded
in artifictal rosin thus clootrcally isolatod from each othor and
from tho subjoot Calibration of tho thormistor including the
oxtonsion cable was errrled out with the reetnl elomont placed in
an oll filled thermos flask niounted in a thermostatically controlled
ol bath against & 002 C sonlo diviston ealibrated thermomotor
Tho roeistanco of tho thermistor wna moasurod with a 5 docado
Wheatstone Lrdgo fod by o 15 V dry battory with 12 k2 In scrice
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mdl.]\.tppAL! a8 & xero Indf The ther oter
oted with the gent stem correction (Handbook
D‘Chcmh‘tryundphydu p 2418 1961) and the logarthm of the

reststanes showed a alightly curved Yine in the range of 35° C and
40°0 bot asuming a straight Imo In thms range the error was
Joss than 0 01 C. The effect of ageing is a dimdvantage In waing
thermistors. Before each series of experiments the calibratron was
repeated. The time constant of the thermistor in this rectal element
was 2.5 min

232 Shn tmperoiures and mean shin temperatury
Twenty four thermojunctlons were distributed over the body
surface as shown in Fig 2.4, Their distribution and their weighting

Fig 24
Bcberatic drawing of the “harness  seen from

onh.-k!nthermg

thbm
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faotors were mare ar less according to ITarDY and Durors {1939)
Table 21 With twelve 4 switeh relays the 24 thermal RMF a

Tasir 21
Wetghting factors for the akin thermocot ples

Tardy wnd Du Bot | pl Pkt o
placo of thetmocon | wright fact e
head aor v head right 0.038 1
f rehen | left 0035
chent Hght 004375 3
chont leflt 0.0437%
back high gt 004378 5
trunk 03y Back high keft 0043 8
abdamen right o013 8 7
abdomen lelt 0043 3
back Jow right 0.01378 L4
back low et 043 5
ripht upperarm ventral a4 n
amm 014 dght upperarm 1wl o
Bt Orearm ventml 003 12
Ieft forcarm  dorwal 00
hand 003 1 meum right hand 0.0 15
Drewutn 1eft hand 003
rght thigh  ventral ! G478 r 17
thighe  O.19 | right tl {gh 1wl [
) loft thigh ventral o o47s 1%
left thigh loranl 0oTs
| |
right ahin 0.045 1
loga (U] right enll .00
right wnkle 0038 °3
| oft ankk { a0z ]

woro either added two by two moath from aymmetneal parta of
tho body or presented to a v oltago divider and averaged cleetrieally

taking Into account tho weightlng factors. A schematio wiring
dingram of two thermocouples is given in Fig -5 A 24 polnt
yeeorder (1 MV full aealo deflection) recorda the 1. pairsof F M} #
once and the mean F A} tiwico in ono cycle (- min) In each
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Bcbematie wiring dugram of two oat of the 34 thermovoaphes.

okin eloment both the copper and constantsn wire were soldered
to muitieore plastie covered copper wirea. The junetions were
embedded in artificial resin forming sn element of approx.
0.3x 1% em. Theso elements were sendwiched between two lagers
of elastio textile band from which the “harness” way made. All
wires to and from the skin elements ran through plastie tnbing
#own to the ‘harness  Tho resistances of the voltage dividers were
calenlated individoally The eum of the parallel resiatances B and
D (see Fig. 2.5) in all twelve relays should not excesd 500 0 to
mateh the input Impedance of the recorder The iodirkiual parallel
resistances wero mads of thin copper wire of appeox 20 Q each
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and wound on n glass rod The sories resstances A and C in all
twelve relays wore caloulated and manufastured ncoordingly taking
into acoount

1) the notual reamtance of the parallel realstor Ry
2) the internal resstance of tho thermocouple including the
oxtonmon wire R

8) the fraction of the total body surface arca the temporature
of which the thermocouple is supposed to ropresent P
4) o factor 2 sinoe the recorder 18 printing the Individual
temporaturo differences on & double scale (two EMLF s
addod)
Ry .2
B+R,+z 100
The ealibration conmasts of 2321 the dotermination of the
relation between tomporaturo differonce (At} and EMF 23°%°
testing tho validity of tho weighted mean tomporaturo differonco
as caloulated electrically and 2323  testing the validity of the
mean skin tomporature ns measured with this harnees and this
typo of skin clemonts An ovaluation of tho validity of ono single
shin temperaturo will bo omutted in this study

In an equation

2321

All calibrations woro carriod out with the oxtonsion ocabls in
position The skin olomonts wero bundled togother as closcly as
poesible and put in a containor with ronsonablo thermal isolation
and standing in a temporature controlled room Tho temporaturo
in the container was read off from & 0 02 C scale divimon ealibratsd
thormometer Temporaturo differonces woro achieved by varymg
the room tempernturo and/or the reotal oloment temperaturo
Roadingn wuro takon onconday The following rosults wore obtained
for pairs of individunl thermoocouplos

y=011068 £~002  sdajr =003
for thoe electrioally caloulated averngo
y=01205 z—~003

whero y=temperature differonce (4¢)
z=scale unita (U)
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the
The electrical xsro was st at U=10 The senaitivity of
pairs of thermooouples (1000/100)/(2 0 1188)= 43:V[*C, 100
mits Glm\')hl]lghﬂyhlghnﬂhnnthnu[thndectﬂmltmgﬂ
(41 §V[*0). The ratio s 10406

2322

In actual expert skin - diffes_reglonall
spocially in eool environments. In Fig 26 a comparaon has been

cobculaind mean gonte defection———

Tem 10406
0
£
©
»
0
aose
0 5d gy 0B ~0UIT
0N 0 0 40 K0 Um
deliecton by electrical mean
Fig. 2.
o of werghted Son of the recorder with

meen
observed defiectian eanaed by the shectrical rosan. The Hine b not the regramion
Ime but & Boe with regrossion coeficient 1.041 (seo 1.3.0.1)

made vaing data from such experiments, between the deflection
oftbsmurdernu:edhythodactﬂullmgur(doctﬂalm)
and the weighted mean deflectl puted from

(caloulated mean)
U m=Ui 201405 py——--+Un 2pn
whero Uy =deflestlon of point 1
Pr=twlice the weighting factor of point 1 (Table 2.1).

Almmmpletbovﬂuadthehlghutlndtholcmtpdnt
in Fig 6 are given in Table 2. The standard deviation of the
dlﬁmthD!-ulewdu.whkhequ.hﬂ.ll [}
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Tasrw *.2

Figures from schich the highest and the loxest pornt 1n Fig  © are calewlated

elee.
cale
point{ 1 3 5 7 9 1 1 13418 (17 19( 21| .3 (mee2
low 1116[103]118 1381071 )10 ] 3.3] 7.2/164 131|155| o.5]184
high [41°(4006|800 478|535 |56.5|56%|61*[78°) 70 00.|65%8]431(878
2323

Whother any devico for measunng akin tomperatures is really
mdicating the true shin temperature 18 a nover ending arguinent,
08 BENZINGFR (1959) atates. Contrary to hia technique of validation
(nhich s essontinlly not more than a check an the zero imtead
of a final mettlement of the argument) in this study the non
ovaporative hoat exchange has been plotted against the differenco
between air temporature and weighted moan skin temperature of
tho skin thermojunctions The non-ovaporative heat oxchange
was measured with tho gradient ealonmeter desenibed bLelow In
Fig 27 the results of a calibration on threo subjects aro shown

watis/m
6o MeALD e Lt
It 07
0 r "

Fig 27
Non-cvaporat{vo reat cxobango in 1 attafm?of threcmubgects, pl tted against

the ddl-rences botween air temporature (1) and mean temperature of tha
thermojunctions ( ¢ )



ML PODT TENTRRSTURS AXD TIEXAL FWRATINO ut

Theaﬁmmlmmmightuddomtp-lthmughtbo
a-ngin.ltnnoluwuﬂhythntbu“hm measures too high
temperatures. When the pocative heat exch s zero
thedlﬁummbctmuk(&ndrnﬂ)tampu‘ltm(k)md'dgbtod
m-kbtmpu\hm-hm!dbemtmmduﬂlﬁm&nmtbn
270 {s constant for each individual subject ey ween from Fig .7
Aorsover thers is an inflnence of body sizs on the mean temper
sture of the thermojunctions the errur being larger in obese
lnb}odl.'ﬂlhmthﬂthﬂ"hlm"hutubauﬂmfor
uchmb}ectAnuxplmﬁmvbytho“hnmn”hmw\ngm
high tempe 1s highty speculative as long as model experiments
are pot carrled ont. For this stody the empirical calibration line
and the gab t A ot are suffecient to ealenl
true mean skin tempersture.

34 OGRADINNT OALORIMETER

The name of this instrument is Tt fs ot oaloed:
in the stnict sense nar dots it measure beat flux over & given lmolation
by ring the gradlent over thw jsolation. The principle fa the

measmrement of the electrical energy reqmred to maintain s chosen
thermal gradient betweon inside and outaide with and withoot an
extra heat soures (heat drmipation of the subject) or heat sink
(heat abeorption by the subject) Bines no surtable word could be
found the apparatus will be eslled gradlent calorimeter The
apparatus (Fig 28] is a doublo walled wooden box with femver
dimenxions of 130 x 100 90 cm, ventilated with approx 460 [fmin
the air s “mimred  with & second bhower mounted insads. A network
of 674 thermocouples, connected in series, was mounted over ail
six walh (Fig. 2.6) The soldered junctlona protroded fn the air
except for the floor tnside where they were premed into the wood.
From the last thermocouple the return wire ran back to the firt
dmgthnaxtmdnrmnjnnuﬁomlnordutouddphungup
AL bum, The box was heated with two aloctrion] heating elsments
(-30 W each) mounted in the akr stream of the ventilatar One
htammnmdwﬂhgvuhbhmm(mmmdmm
topoflhnbox.lthmtmumqnlndbdﬂnlbarpu-lmmt
wlarts {permanent hoat inpat). The other was fed by & motor driven
varisble tranaformer Thad.rivinguntormplnu(nﬂomy“n-



Fig * 8
Gradwent calorimoter mounted on the balanee
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anavena
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1rnet wall
Fig 9

Sohenntio wiring diagram of two out of tho 074 thermocouplen,

Brown continnous balanco syatom controlling the thermal gradient
ovor the walls of tho box Tho oleotrical onorgy of this heator was
dotectod by n thermoconple element normally used in antonna
circuits of radio emitters and reocorded on tho 24 point recordor



NEAX BODY TENTIRATUKS AND THNRNAL SWEATING 119

alx times per byeds (7.2 min) The conpecting wires to and from
the daoe ran over the hinges in apiral loops. After some tralning it
was postible to counteract satiafactorily the disturbing effect of
openlng and elosing the door by switching oo an extrs 500 W
heating element for soms seconds. The gradient calorimetar was
placed in & room with oontrolled temperature (rangs *0-34 C,
acearacy 0.5 O mp-mdu.dbiﬂty:ppmxl C) Keeping the room

perature and the gr a stable Inner temperature
momhnituvhbhthombjmmaxpu&mgndhnt
was controlled by comparing the thermal EMLF from ths network
of thermoooupley with a reference voltage and feeding this voltage
differenes into the Honeywell Brawn chopper amplifier (Flg 2.10)
In order to obtain a stable system the output of the amplifier
was differentlated with & small D O. motor on the axis of the tram-
mimion between servomotor sod varlsble transformer acting as

Fig. 210
Mhm“mmmdm
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Fig 29
Bchematio wirlng dagram of two out of the 674 thermocouplos.

Brown continuous balance syatem controlling the thermal gradient
over the walls of the box 'The olectrical energy of this heater was
deteoted by & thermocouplo element normally used in antenns
orouits of radio emitters and recorded on the 24 point recorder
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six thuex per-bycle (7.2 min) The connecting wires to and from
the door ran over the hinges in spiral loope. After some trainmg it
was pomibls to cownteract matisfactorily the duturbing effect of
opening and closing ths door by switching on an extrs 500 W
heating element for some seconds. The gradient calorimeter was
placed fn & room with controlled temperature (range 20-34 G,
wuuru:yOﬁ'C n;xodudbﬂh,ynmrnx_l C) Reeping the room

di & stable inner temperaturs
wuobulnodtowhhhthsmb}ectmcxpwd.’l‘hogmdlmt
was roatrolled by compering the thermal EJLF from the network
of thermocouples with a reference voltage and feeding this voltage
difference Into the Honeywell Brown chopper amplifier (Fig. 2 10).
In order to obtain & stable system the outpat of the amplifier
wus differentisted with & small D.C. motor on the axis of the trans-
mimion between servomotor and varisble transformer acting aa

»
Tecordar

i e i

Fig. 2.10.
Whmahmﬂmdmwp‘w
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Fg &
Qradient calorimeter mounted on the balance

e

—————constantom——— om

———

%

USSR (r-\lm
Fig °90
Schematlo wiring diagram of two ont of the 874 therrmocouples.

Brown continuous balanco eystom controlling the thermal gradient
over the walls of the box Tho electncal onoergy of this hoator was
dotected Ly n thormocouple eloment, normally usod in antenna
circuits of radio emitters and reoorded on tho 24 point recorder
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six times per byl (7.2 min) The connecting wires to and from
tha door ran over the hinges in spirsl loops. After yome treining it
was pomsible to counterset satmfactorily the disturbing effect of
opening and doaing the door by switching on an extra 500 W
heating element for some seconds. The gradient calorimeter was
placed In a room with controlled temperature (range 20-34 G,
accuraey 0.5° ¢ reprodudbility approx. 1 C). Keeping the room
temperature and the gradient constant & stahle inoer temperature
was obtatned to which the subjert was exposed Tho gradient
was controlled by comparing the thermal EALF from the network
of thermooouples with a reference voltage and feeding this voltage
difference into the Honeywell Brown chopper amplifier (Fig ...10)
In order to obtain a stabls aystem the output of the amplifier
was diffecentinted with & emall D C. motor on the sxis of the trans-
mision between servomotor and variahls transformer acting as

oc:run 4501/ iin

TEh A ey
e =
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a dynamo which added its voltage with roversed aign to the input
signal In tho gradient calonmoter a garden chair was placed with
plastic cords for the acat and back support An adjustable head
support enabled the subjoct to alt quictly and completely relaxed.
A emall 25 W buolb served for illumination A respiration valve
ad)ustable for position hung from the ceiling Sinco tho ventilator
made some overpresaure in the box suffieient to ift the membranes
of tho valve both inlet and cutlot of the valve wero connected
to tubes porforating the ceiling The subject inspired room air
instead of calonmeter air and expired into the room or a Douglas
bag This heat loes from the system was assumed to bo neglgible
Tho cahbration of tho gradient calonmeter inolunded

n) the relation betweon thermal EMF and the temperature
difference between insido and outsido y=11 35 x whers y in m\
zin C

b) the rolation between temperature and heat mput y=
0042 z+12 whero y in C x in Vatts The constant represents
the heat by the illamination

¥ T

SEe -
[or]
Fig 211

Record of A dynamio calibration of tho gradient calonimcter by applying

Imown amounts of eleatrical energy When the permanent heat input -

changed, tho varisblo hrat input shom  tho same change with roversed
mmmmtlnmwomhl?lg 21
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o) the relation beiwesn heat input and the deflection of the
rococder =158 x-15 where y i Watts, z in scslo umta.

] the relation between thermal gracdient and defiection of the
recordee y=012 012 where y in *C =z in scale mnite.

o} dateotion of » known extra heat Input, A record of such
an experitient s glven in Fig, 2.11 By changing the permanent
beat inpat, known from an acourste Wats meter from one lovel
to another an incresss or decrease of the variable keat input
coald be obtained Deflections to both xides were investigated sod
are prewented in Fig 2,12 A positive sign meana s higher permanens

L‘Q mem ywill x

wd.ayfr 43w
200K €040 1D O 3D 40 60 0 N
A il
arpiied
Fg 112
Dynagme eslbratin of the gradent ealorumeter A positive sign mearm

® bugher permsnrnt heat impas {imkating hest dinsipatk
v m'mnmhtw:}:}:w?

:::.\nym[hnmbwwu‘idpﬂono{ﬂmmb}cﬁ)nug-ﬁn
" hmm(hn}mhghe-tlbouryuuubythmb}wt) Thete
“Am‘;maﬂnmarofu"/ for whish po explanation can be
Ten ® standard deviation of 4 & Watts for the

diffe
fmmlhom;:llm mmomwmmm
calorimeter A Jeast two time constants 34 and 282 min
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25 AMBIRXT CONDITIONS

In this study the subject was exposed suocesmvely to two different
environmental conditions one while sitting in the gradient calodi
meter and the other in the climatic room whils wallang on the
treadmill This olimatic room 18 1n fact only an air temperature
controlled room The accuracy is 05 C the reproducbility still
WOorse

The following climatic factors are not measured during the
experiments but have been investigated previously

a) Wall temperatures. From prelmunary investigations vang
Vernon s globe thermometer it was thonght to be safe in assuming
them equal to air temperatures under the actual cxperimental
conditions.

b) Radiant heat sources such as illumination in both rooms
and the heating elements in the gradient calorimeter were not
oconsidered moparately smince the spatinl angles towards the subject
werp such that they had only Little effect

o) Wind velooity In preliminary measurements the wind
velocity was determined with a home made hot junction anemo-
meter which was calibrated whilo mounted on & 25 m long wing
rotating around with a known constant velocity 1n a completely
closed room In the gradient calorimeter & mean value of 125 om/sec
was observed In the cimatic room a mean veloaity of 8 cm/eeo
was measursd one meter above the belt of the trondmill. In the
soverest exporiments (air temperature 35 C mnet heat production
7} kealfmin) the air velocity was incroased to s mean value of
83 om/seo with a blower aspiring room air and direoting 1t towards
the subjeot

The followmg ambient factors were measured during the experi
ments

d) Air temperatures were measured with shielded thermometers
once a oycle (7 2 min) Ons was mounted behind the observation
window of the gradient oslorimeter and one on the wind generator
in front of the treadmll

o) Humidity is not controlled 1n the present climatio rooms
It in measured with a lithrum-chloride dew point meter together
with the air temperatures Sinoe the expariments wero carried out
during winter time the requrement to keep the water vapour



HEAY BADY TIOFERATUNE AND THNIDUAL SFUATTIG 123

promure low in order to facllitate the evaporation of sweat wus
et without effort.

n Tmﬂmﬂllpocdwdinuﬂmﬁmhmﬂmmemwdof
a motor-driven rubber belt with adjustable speed up to 10 mfseo,
mounted on a frame which conld be tilted around an axis loosted
in the Tokidle between the two end-rollert. The rear roller was
driven with V belts by & pulley the axh of which wus in line with
the axis of the frame. This set-up made it pomible to go uphill
or downhill with the belt always moving in the same direetion,
The maximum inchnations were 15 degrees. A comtrol system
counteraeed (e alight increass m speed with time which was
probably dos to the change in temperature of the oil in the hydraulic
varistor The flnctustions in wpeed were lows than 1 emfses in the
apeed ranges used, The inclination was read on & ronnd dul, the
indifeator of which makes one complete revotutlon for 15 degrees
inclination and the scale dlvivions were 090 degreea. 8peed and
intlmation were measured with each determination of the metabo-
lsm. The desired walking speeds and inelinations were calculated
once for each wnbjest with Bonunerr’s equation (1960) and matn
tained throoghout.

=8 Mrrazolmx

The metabolic rate was moastred with Douglas bags and doplicete
Haldane analysis. The inepired air was room air which had standard
composition due to suffictent fresh afr supply to both  climatio
rooma” The volumes of the Douglas bags wers messured with o
calibrated chain-compentated 350 liter Timot spirometer The
fickency of the Haldane ywotedure was in d by wang three
apparstm in a row and moving the mercury reservoirs with motor
driven vertical ehains (Murirre 1930). For all thres apparstms
Lhanund.nrddﬂhﬁumo(tbedlﬂ'mcufwrm,lnd();m
00 and 003 respectively 77 comwecutive duplicate analysea of
one sample oo two different apparatos give 0.03 and 008 re-
spectively Trgyp @ and T'o, were calenlated In the usoal wa
{Canrrxren, 1030). The metabolo rats in keal/min was ulmhtag
rhh.dighﬂymod{ﬂedeqmﬂmmdmgto“'m(\uﬂ) From

Wroms deductions she following
the metabolic rate squation may be obtained for
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. 30411100 R
= Q40082 p) {1~F, (~RY "% Fu—Fr)

whoro AT —=motabolio rats in keal/min

p={raction of the total heat production due to proteln
combustion

I =respiratory quotient

Tz expiratory minute volume sTrp
Fig,= Oxygon fraction in Inspired air
Frgy= Oxygon fractfon fn expired air

The first torm on the right mdo is nearly o constant. WER
mtroduoes o valuo of 12 6 9, for p but this valuo ia cortainly too
high dunng exerciso sinco it is known that protein combustion
doce not increase during oxerclso (ZuxTz und ScuvmMnvra 1901)
By caleulating tho firat term for all combinatfons of R=10 095
000 085 080 and 078 and p=~120% 1009% 759% 80%
25 9% and 05 9, an avoragoe of 5 013 {s obtained with o coofficlont
of varlanoo of 38 % The oquation used is therofore

A =Te (105~5016 Frsy)

Analysis of the duplicato dotorminations during sitting in tho
gradiont calorimotor and of the quadruplo doterminations during
walking revealed a standard devintion of 0 05 and 0 10 respectively
Whon tho subjoot walked uphill the not motabolio rato was enlon
Iatod by subtracting the calorio oquivalent of tho oxtornal work
from the groes motabolic rate (SNELLEN 1060)

27 WEIGHT LOSS AND BWEKATING RATE

In this atudy tho sweating rato waw obtainod from woeight loss.
Sinoo tho sweating rato is verv important in this study every
precaution was taken to seouro that all produced sweat bo evapo-
roted as fnst as possible

1) tho subjoots woro clad to a minimum Their clothes wero
nevor soakod with aweat cvon at high swoating rtos (> 10 g/min)

2) the wator vapour pressuro wua low (averago 47 mmilg)

) if noooeaary tho wind volocity was inorensed during work
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when it did not Interfers with the heat exchange by convection.
Inthagndhnte-himetcrthevhﬂvelodtymllnylh!gh

Both continuous recording of the welght loss and Intermettent
welghing were applied.

271 Conhasows recording of the weight loss when the subjed was
nthag 1 the gradient calorimeter

Tbcgndimtalnﬂmetummmtedon-rpuuaﬂyconmdad
! 2 balence a2 ehown In Fig .8 The weight of the gradient
calorimeter plos the subject was counterbalanced to within 3 kg
the remakning 3 kg being indicated on a dial. On ths axis of the
indleator & low torque potentlometer was mounted which was part
of & Wheatstons bridge. The recorder and the Wheatstone hridge
wers s0 adapted to each other that full soale deflection (21 em)
was obtained for approx 200 g After eritical electrical damplng
of the recorder the balanoe was critioally damped with a plunger
in ofl. The connecting wires to and from the gradient ealorimster
were made of flex{ble material and as thin as the requirements
pormitted. They hung fredy in the air in wide loops. The same
holds for the corrugated rubber expiration tube. The maxinml
displacement of the platean was 32 mm but in the actual experiment
it was pot mars than 2.4 mm. Two records are shown in Fig 2.13
The accuracy of statle absolute weighings was within 5 g The
sceuracy with which weight losses per minute could be measured
waa determined by analysing the obeervations doring steady state
conditions. In this study the weight losm per minute was determined
twice & cycle (7.2 min) by differentiating the obtalned curve over
3 6 min. 13 series of § observations, made at the and of ome hour &
sitting in the gradient calorimeter including threo different levels
of weight loases per minate (mean valoes 0.5 2.4 and 4.2 gfmin)
nmkdnmnduddevhumnfthedlﬁ‘mafougfmm
which equals spprox. 0.00 keal/min.

Teee T termittent waghing

During the period of work and heat load the b 8 bod;
weight was measured foar times at lOminmuhlu'ﬂ.l}:c(t‘scydu’;
on s I 1 balance mumﬂﬂn:mhm—mﬂng
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Fig ..13

Two spociment of continuous records of woight loas whilo tho subjoct sits
in the gradiont calorimotor Timo baso 3 8 min intervals, Choeaks of oleotricsl
xero and ropostod oallbrmtions with 80 g Loft hand part during tho floet
poriod of sitting fn tho grmdiont oalorimoter right hand part during the
rocovery perlod
Upper rocord: subfoot v T experimont 16 Noto tho Iag of approx 8 min
bofaro swoating starts agnin.
Lower record  aubjeot Y., oxperimont 27
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ob] In:dd:ﬁm.t}wwulghtvudotnmincdimmadhtdy
hdij:ud sfter the whode experiment. Thua eix body werght
determinations were obtained, deaoted as G, G Gy G, G4 and
Gy For the accuracy of weighlng sabjects see 3.2.2..

73 Corrections
The weight los due to exchange of respiratory gases was calea
lated from the equation
GV, (19769 R—142004)
whete Gy =weight Joes In glmm doo to gas exchange
¥ o, =oxygen consumption in hters/mun srrp
R=resplratory quothent
10769 =welght Iu grams of ooe liter CO; sTYD
142004 =welght ln grams of one liter O; wrD
The weight joss dus to evaporation of water in the respiratory
tract was calculated from the equation
Ln=hi Vra-fa V1 d

where 10r = welght loss in g/min dve to evaporation in the resp!
ratory tract

1 p=expintory minute volume 1D
T'y=inypiratory minute volmom(f'—t‘ h")
1=Vx T,
a~water vapoar density of the expired akr In gfliter dry
air at expired wir temperature

b~ water vapour denaity of the Ingpired air in g/liter dry
air at dew point temperature
fi h=convenion factors for 5TPD to BTr® and atr re-
apectively
Eincothaexpindlkhdny-fuﬂy-mtedﬂt.hutunpcm
factor o & spprox. 34 mgfliter (Hounas et Corpy 1g88)
mhnto(npurhaﬁonufommmwmthubtmmkuhud
with the eqeation given by Hampy [$1215}

H =L+ Tom (52~ 9) +0 1104 T In (RE) 1
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whers Hy=heat of vaporsation in calfg
L~latent heat of vaporisation
Tave=averago sbsolute temperature §(Ts+7To)
gy=—entropy of the liqud+ vapor at room tempersture
@1=entropy of the liquid+ vapor at skin tomperature
Tqw=absolute room temperature
RH =relative humidity
Strotly speaking tho heat of vaponsation is difforent in the
respiratory tract and on the skin. This difference was neglected.
The heat loas by ovaporation was caloulated from the heat of
vaporisation and the weight loss ocorrected for the weight loas

duo to gaw exchange called A7 Sweating rato was called 4G°
ndicating that two corrections were made

28 BraTmTICcs

The statistioal techniquos applied in this study were all derived
from & Dutch textbook by H »E Joxan (1083)

o ersien
e g o g, eiler g ek W s e
e, o ot e vytia (obarv)

—— prt yia (oo

o e e (vt

[ s

Fig .14
Synoptio table of one oxperimant.
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29 SIQUEXOCE OF EVEXTS Y OXE EXPERIMENT

Prenows day l)buthnﬂmnﬂnmmm-tduhedtemponm
2) troadmill apred and inclinetion seb
l)mtmamxmwﬁu\t

4) bres watres mount

7}::?;‘1“1”:!&, l)!&ydntrmd-urutlnupanﬂon.'l‘hh
rocarder serve as time bass Each cycle takes 7.2 min

2) subject reports to the laborstory at 08.30

3) Douglas bags rinsed and emptioed

4) subject l dressed in the Tharness”

3) the aetual experiment is shown in the synoptic tabls (Fig 2.14).
6) 14.00~16 00 Haldane gas analyees.

. EXPERIMENTAL RESULTS
31 PRESEXTATION OT AESULTS

Only few of the primary data can be weed directly (e.g air and
dew point temperatures) Others serve for the compatation of
dertred magnitndes {eg bk weight losses,

P beat exch baody P ote) These
calculations have teen described in Chapter 2, Both groups of dats
represent the baxdo material which s, even for one subjert mneh
too large to be presented sy & whole in thiy psper but several
groups of baslo dats ean be combined after forther arlthmetical
treatment, which will be discomed below These combinations
stve esther ay evidente for o statement or as croes chacks on the
collocted data. The experimental resutts will be presented in thres

categories steady state conditions, changes with time and funetion.
Al relations,

3.2 STEADY FTATE COXDITIONS
31 At the end of the first period of niting 1 the gradient calort
oaeter

3211 Heproducibility Turing the Arst hour of witting in the
gradsent calockmeter the subjoct ahould reach » steady state before
homrtlhhpcrbdulwu-kudhmthd_whmthnmhxof
ﬂﬂmtmbﬁuthn:dmmmhdwﬂnghmom
particular gradient-calorimeter temperstars are to be compared
\thdﬂhﬂbblnhnlhanb}ectmlwudhbnnmﬂyklmuml
u;wﬂbkmm\n\ht»m'wﬁqpemmtempummch
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this goal wore reasonably successful Tablo 3 I shows the averages
and atandard doviations of body tomporntures togother with thoso
of othor physeal and phymological variables of the subjocts,

Taown 31

AMeans and sandard deviations of physeal and phystologieal tariables obeerred at the ead

of the first perrod of s tting tn the gradient calorimeter

Grad P40
Calor | Bubject ' t ' W | keal/min | A@Mmin| & (wr.
Wh m 300 3870 306 130 —101 0.7 0700 &
30 ed. 10 015 04 o009 0.3 0.7 073 i
T m 305 3055 33.20 160 —005 106 74813 #
ad 10 01* 048 008 018 038 0500 14
Wh m 35% 3703 34 6 138 4019 35 76848 1T
a5 ad 06 018 0.3 007 016 030 085
T m M0 387 M7 188 4004 257 74018 1R
ad. 08 008 0.0 015 000 038 case 18
WHh m 400 3008 36.16 143 4143 415 70384 W
40 sd 1B 005 04 000 080 085 083 %
AT m 408 3678 3685 163 4144 480 T4 8
5

nd 16 008 043 o008 0.87 0173 0843

3212 Nos-cvaporaitve keat exchange The non-ovaporative hoat
oxohango plotted against tho tomporaturo differonce botwoen alr
and weighted moan tomporature of the thermojunotions of the
‘harnces gives tho Lieat exchange per degroo differonce (Fig 31)
for tho subjects Provided that tho slope of the lincs in Fig 31
ie the heat exchango por degree difforonoo is in good agreoment
with data from tho literaturo the individually differont distanco
from zcro on tho abscissa may bo regarded as an oxprossion of the
orror of tho harnces for each subjoot (sco 2323)

Tho Btofan Boltzmann equation (sco HArDY 1049) may bo roarranged
to & linear form amwuming tho crofsdvitics to bo unity an 1 (T 4—T 9/t —4)
to bo o constant. The latter assumption is safo to within 3 ., when (t —f}
doct not axecod 0 C:

ReaB8 fn A (t ~t)
where R mheat oxchango by mdiation in keal/h
fa=ratio of tho offeotivo radiating surfaco aren to tho total body
eurfeco aroa
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Fig. 31

Non-svaporsttve beat exchangs in Waits of both subjecta, plotted sgabnst
the ddfererce brtween afr temperatore (L) and mean temperatare of the
tharmojumetions {“ta7).

Ambody saface aree o m?

temmwan will temperatis ka *C

L =mmesn akm temperstmre I *C.
From the sonclomons drawn by Bamxexs « ol (194} and Croroap
o oL {10.0) the following equation tor the beat exshenge by conveetion
may be dered

Cm0243 ™ | 4 (h—k)

where C mheat exchance by eonvectlon ia koalh

wwmnd  eloerty m emfeen

§ mrato of efiective oon ot body wrface eres 10 the total body

murface arre

A=body watface ares n m?

fa =ax ttmpeTaiues n O

f =powren slon temperature b *C.

Asgyming fx=078 f0=007 (Baxzx 1936) and feriy, neg
petion, )

lecting heat exchangs Ly eond, ducing the obwerved data
for Aand e (Wh 106 m* vT 190 m¢ t=123 em/aeo) and
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converting keal/h into Watts tho following conatants aro obtained
by adding both equations 26 W/°C for W.K and 25 W/C for v T
Tho agreemont is #o oloso that it scoma juatified to coneludo that
the error of tho harnoss s 115 C for Wh and 060 O for
the leaner v T

3213 True mean skan temperature as @ function of the arr femper
alure It may Lo soon from Fig 3 2 that tho rolation betweoen thes
two tomporatures is noarly n straight lino and that tho leaner v T
has & slightly higher skin tomperature than Wk

15 (°C)
e

v

o

oubject WK,
wT
1
33! 30 S M 36 M 40 4l HMitg
©c)
Fig 3+

Alr temporaturo and treo mean Akin temperature observed at the end of
tho first period of sitting fu tho gradient enlorimeter

3214 Heat balance equation If at tho ond of ono hour s oxposure
tho sum of hoat production and the non-ovaporative heat exchange
both por minuto (Ereq aftor BxLpova and Harton 1085) oquals
tho product () of tho corrootod woight loss per minuto (J&"/min)
and tho hoat of vaporisation it may bo assumed that a steady
stato haa beon achioved for this situation In Fig 33 it is scon
that most rosults fall woll within a band of plus or minus 08
keal/min io two times tho standard doviation of the differonces.
This is tho accuracy of tho mothod Sinco thero is no appreciable
deviation from tho dingonal or lino of identity (mean difforonoo
for WK +007 for vT —003 atandard doviations 0 284 and
0300 roapoctivoly Students ¢ test for difforonces with doublo-
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vely) the
fed probability more than 005 and 050 respectively,
mempﬂw,.‘h';mmmmdm
measurements,

& Qo mn)

a0

LY -~

z

[T

ek WX
T

o4 08 LR LA LD 24 B8 33 36 AD
()
g 13

Heat balance st the and of the first poriod of sitting in the graduat
calertmoter

32 At the end of the penod of work oxd kea! load
321 Final rectal temperature as o fumcion of metabolic rate. Tt
s genenally pted that rectal p during work Is
largely & fimetion of the metabolic rats and Independent of amblent
conditions over a wide rangs (NELsex snd Arrrsex 1962) In
this study cos wubject, W.K. showed, howevrer the striking phe-
nomencn that his final rectal temperature was the higher at the
rame metabolio rate the higher the temperaturs had heen in the
preceding period of stting in the gradient calotimeter (Fig 3 4)
The three regremsion lmes (solid lines) have differemt regression
hi but thetr diff are Dot signifieant (analysis of
covarfance) The temperatures at the points whers the three re-
gression lines with one common coefficlent (dotted lines)
cut the ordinate (a-coefficlents) differ however highly gnifi-
cantly Thhhnotdmm-ndsnttdrurﬂngrwtdtemwnnnn

(Tablo 3 1) It is more likely to be dus to the preceding deh,
This relation between the 1T udptumdlng“yj‘r:ﬁ?n‘
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wubjeat W K.
trepa (°C) -
384 (40"g
3 ano]e " ¥ Qi x4 s
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4 Parallel regression oquatian
3 Y Qi3 x+ta

2

s
370

9 Satied frow yrod. culer 3* o = M6
e v a 28
7 ATt w3690
306

o 1 3 4 B 6 7 8 9 10 keafm

Mgross
Fig 34

Rectal tempornturo of subjoot W k. at tho end of tho penod of work and
heat load as & function of groa metabolio rato, For analyss of covntiance
wco toxt

is shown 1n tho insertod graph The othor subjeot doce not show
any significant difference in tho a-cooflicionts as shown in Fig 35
He oboys tho classioal conoopt that tho final rectal tomporaturo
is a function of tho motabollo rato only

nibjest v
e C°C) —
80
40°C,
; ,.oxzx(»m)
30
T y=0t» (4-30.%
: o
-3 y20008  +%0
4 |
3
2 Purallel rogrensian equation |
' ¢ yomxuoao |
370 g
9 v wharied frewe gred celr
-8
T
206 I
o 1 3 4 3 6 7T 8 9 0  keafmi
Mgroes
Fig 36

TRectal tmperaturo of mubject v T at tho onl of tho perfod of work ard
heat load
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metabolio

The reason why rectal temperaturo i plotted against gros
rate instead of net metabolio rat ja bused on the finding that reetal temper
ature seems to be ndependant of mechanical affickncy as shown in Fig 3.6.

Ardnast termpartrure 20°C.
vttt ity oo 9O vt ey
mbriot oy 08

\ %
34 5-wokject TE. wipest AD. ~eciject 4.
4
3 1
E)
1
uo
]
’ M M
+
ar3
A
3 4 3 6 T3 4 B & T 4 B & T 8
Wt i
rows retaein leat procation from Bosberts equotion

Fig. 34
Resalts fanattemptt detect any effect of extamal work on rectal tecper

atare mt was pot messured but cstimeted ang Bosmxer'
equation.

The subpects walked on the treadmil ¢ dufforent speeds and inclinations
peovsding sox different Weels of metabolie Tt per ky body weight with
alors of 0, 0.03 0,10 snd 0.1 for the mecbanical efficienay ov U/(G E )
U and E are expresacd in tho foflowmg
Umb.0t342 G wn
WEE =14373+0.004501 +0.024457 «40.0002838

(Bomaexr 1560)
whero U = external work per mmnt in kealjmin
@ =body weight bb kg

#m  may be ngarded to be doeetly proportional t & botween 0 and §
degrece. The bughest Jorlication required waa 505

a4 preaented above ereme accarat snough in bralthy male biecta
m 16 ) sccording t  the anthor e tow':;- i-lth—




138 I W RNELLEH

3222 WWeght losses Threo moasurements aro made during the
pariod of work and heat load donoted a8 AGy 4G, and A0 The
socond and the third moeasuroments arc compared in Fig 37 m
order to ascortain that during tho exposuro to work and heat load
tho subject has reached n constant sweating rte The data seatter
at random around the dingonal or line of identity (ncarly equal

a3 (q)
300
-
03
100
1

- wubject WK-

wT.

00 200 0 9

Fig 3.7

Compaorison of the scoond (4Gy) and tho third (4G,) measurcruent of weighh
loms dunng tho poriod of work and heat load.

numbers of points above and bolow the line & rank ocorrelation
of 006 botwoen tho difforoncos of tho pairs and thorr moans) Tho
mean differonoo is —0 625 and tho standard orror of this mean
is 285 Tho standard doviation of n singlo averago (§}4Gs+ §4G4)
estimatod from thoso differencos is 8 84 This oquals 0 41 g/min
It 18 thoroforo admismble to uso tho avorago of both dotorminations.
The weight losses duo to ovaporation AG'/min and tho swoating
ratos (SR ) AG /min during tho poriod of work and heat load are
caloulatod in the subsoquont scctions from those averngoe

3223 Heat balance equation Dunng tho poriod of work and hoat
load thero is no continuous measnroment of tho non-ovaporative
heat oxchange Nor oan 1t bo azsumed that the orror of tho harnees

in & moving subjoot in a complotely differont alr volodity is the
somo aa whilo mtting in the gradient calorimoter Nevortheloms it
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s powiblo to investigate the heat balance the obeerved nst metabolio
beat production (Uu) the weight loss due to evaporation
(AG"fmin) and the difference between air temperaturs wnd mean
temperature of the akin thermojunctions (k— &™) are plotted in
one graph with the assmption that a steady state has been roached.
Blice the metabolic rate showy the best reproducibdlity it s used

subjet WYL

A3 (g/mim)

o—coult

Y=0496 x+185+1430 2
-
Y= ralght loxs due to
evaporation (g/min)
x=ta-ts (*C)
Tn et (keal fmi)

t w0 8 6 1 .
SalD B, T
- ¥ 38
Babpeet W Welght Jom dne to evaporation
dﬂmmmmmm"wnd(ﬁﬂ’)w.,h;h
thermopmctions (47}, a1 foar levels of metabolie host iy
1o xnalyvia of eovarkoce s tear | T Lo For
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a8 a paramotor 1n tho plot of tho weight loas againat tho tomperature
differonco Tho rosults aro shown in Figs 3 8 and 30 Fonr straight
lines aro obtained per subjoot with regrossion coofficients which
do not differ mgnifleantly (analysls of covariance) The common
rogreasion coofficlent is usod to drnw the lines shown This coofficlont

subject v T
AG'(g/mim)
C-COMT

1

13~ 0
8 Mgt  #d
12 ¢ ) ot
4 0S4 x 139
e
10 £ o4
9 07
8
4% ot
7 + neb
6
3 [:1:2]

68

y=0544 x+181+1487 .

where

y=walght loss due to
evapaoration (g/min)

x=tg—ts (C)

2= Mpat (Koal/mitrm)

2 10 8 © 4 2 o ° tq-te-d
————d e e
Fig 29
Bubject v T Woight loss duo to ovaporation (4G") plotted againet the
Jifferonce botwoen alr temperaturo (4) end mcan temperaturo of the
thermojunctions (‘% ) at four lovels of meotabolls heat peoduoction, For
tho annlyxis of sovarianco sco toxt.
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s the dimension of {ghmm)jdegree The values of A0 |min st
{t ~“1")=0 (a-coefficlents) plotted against the metabolro rates
(inmerted graph) gives & straight line with a regresuon coefficlent
with the dimenxion of (g/min)/(kealfmin) By dividing the first
coefficient by the second the non-evaporative heat exchenge per
degree  temperature  difference Is obtalned (keal/min)fdegree.
The reciproeal of the second coefficient gives the heat of vaporisation
(kealfg) Finally the y-inteccept in the Immerted greph gives the
weight ko st K =0 and {f — & )=0 or when divided by the
first coeffickont, the error of the harnew” in degrees Coelmus. The
results are shown in Table 3.

Tantm 3.2

Coaficrents for momsvaporative heat erchange hest | smporcsstion, and
aTor of the harness  obtnined from wnalpris of Fim 3.8 «nd 319

Sobyect (ocalfmin) degres | kealig | etTor “harness
Wh o3 |oms | ama
T 0.388 | 0.672 1Irce

The beat of vapacisation is alightly higher than the average valne
of 065 as calculated with Hardy’s equation (Hazpr 1848) This
difference eannct be explained. Either one or more of the data
have a systematio error due to & posible slight devistian from

()

A agonal

" aaDDK§
{

et WK
~T.
T4 6 & woan
AT forier (hoareedt)
Fig 318
Creopariann of weiht Jowt dom to evaparation an
-wmmmmwmdhmmﬂmm
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the steady stato or Hardy s equation undereatimates the feat of
vaporisation during walking If tho former is tho caso then the
above mentioned arsumption of a negligiblo rato of heat acoumu
lation is incorrect By inmorting all obscrved data in the obtained
oquations howover the actual weight loss may bo compared with
that enloulated (Fig 3 10) The agreoment is very closo and thero
is not tho slightest indication that lowor values where the rate
of hoat accumulation rmay cortainly be neglected aro different
from thoss whero this Is questionable Thereforo tho assumption
of tho presenco of o steady stato scoms to bo pormittod

3224 The true mean slin temperature as a [unction of the mr
temperature. 1t may bo scon from Fig 311 that tho relation is

& henl/min expariments

kg

3 wubject WK. Vv

ta(*C)
ta ()

20 2z 24 P 28 30 32 34 36
ta(°C)

Fig 311

Alr tomperaturo and true moen akin tempernturo observed at the end of
the period of work and heat load
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nearly & stralght line No distinct influence of the work load can
be detested. The effect of locomotion as such, however can be
seen by eomparing Figs. 311 and 3

323 At the end of the recocory penod

3231 Hext balence eguation. All physiclogieal responses and
variables more oc Jess retumn to their ariginal valoe obeerved at
the end of the first period of altting, with tho exception of the rectal
temperature and the body welght. Metabolism is usmally alightly
fower (not ahown) as iz the mean skin temperature (Fig 318).
Bweating rate may not return to its original value eltber not only
becatmse the subject became so warm during the perfod of work
and heat Joad that at the end of the recovery period ho still sweats
in order to disedpate this exooes heat, hut also becatse metabotiem
andfor non-evaporative heat exchangs are altered. The same
techalqus sx applied for Flg. 33 is ured to investigate whether the
heat balance aguin resched s stoady state within the “

of the measurements at the end of the recovery period (Fig 31 ).

GCE 0 M ar s a0
traq(mesl frmin)

Flg. 2.12.
llmhlnuuth-ruﬂdmmmm

Four experimenta fall cleard
but they do not concern
as might be expected,

y outside the band of 06 kealfmin
hmm(”“ﬂ-’—l&dl:)
The statistleal analyvis, however reveals,
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even after omitting theso four observations that Enq and £ are
not identieal (mean difference for W k- —0108 for vT —0.139
standard deviations 0 350 and 0 236 respeetively Student & £ tost
for differences with double tailed probalihity smaller than 0
and 0 05 respeetively) With the exception of the four observations
it seoms ndmisaible to stato that heat balanco has been practically
regained It may bo unfortunate that the longth of the recovery
period could not bo oxtended bLeyond ono lour

3232 Elevation of rectal temperature as a [unchon of preceding
dehydration Tho rectal temperaturo remaina elevated as compared
with its starting lovel in proportion to tho weight loss in tho inter
mediate period This is shown m Figs 313 and 3 14 Thoso expen

wuigect WX
Ae—
ar X117 y +OA2
oo
a4 0203 x O
+ar ‘
-

£°_
az

O 0. 04 Ob QB 10 | 14 AeGrOy(Ry)

Fig 313

Subjeot W R Tho differcnecy in rectal temperature olwerved at the end

of the first perlod of sitting In the gredient ealodmeter and the end of the

recovery perfod  plotted against the lomes of body weight in the sme
timo mterval

© o8 04 06 Q8 O 2 L4 Al Oy 0
Fig 314
Subjest v T Tho ddferences in rectal temperaturo observed at tho end of
the first period of sitting in tho gradient calodimeter and tho 1 d of the
recovery period plotted agminst the lomscs £ body welght in the samo
time intcrval
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ments which deviated dstinetly in Fig 313 aro indiceated. The
llnool'mb}eetWwao-hovndmh:ﬂmmﬂpneedingdo—
hydnﬂononhhﬁnllrecultempaﬂmmduﬂngﬂwpedodof
work and hest Joad (Fig 3 4) has & steeper inclimation than that
of the other subject. Tho rectal temperature of subject YT seems
to be Jows affected by dehydration. This may account for his faiture
to demonstrate any effect during the penod of work and heat
load The cbjection might be ratsed that rectal temperature has
not yet returned to its final lovel since hest balance has not been
entirely reestablished at the end of the recovery perlod (32.31)
The probabls effect of dehydration, howrer is further

by another obeervation (seo 34.2.) yielding almost the same
regression coefieents.

3.3 CHAXOES WITH TINE

Body temperatures were rocorded in short (3

throaghout each oxperiment. During the aitting periods body
woight and porative heat hang cded

tinwomly It has not been, however the

:
:

tremely interesting to make continuous recordings of the decline
of the gweating rate as quickly as poeaiblo after ceasatlon of work,
Lut usually it took the subject several minutes to enter the gradient
calorimeter conpect hin ‘harnem™ to the recorders insert the
mouthpiece of the breathing vaive and ait quietly again to set the
balanee into operation. Therefore no recordioga conld be mads
duning this essential perlod The same applies to the non-evaporstive
hest oxchange Ths peceaslty of readjusting the previous condithons
in the gradient ealormmeter bymphcl’ng'.hobuxlonduﬂng
openmg of the door with the extra beating etlement oaused o
disturbance Mlngmern.lmlnutunndlma{arlng with seourate
continuoas recordings. Flinally not el devices were
Investigated thoroughly for thelr time constants which might
interfere with the time constants of the physiological varlables
under study Therefore this aspect of the results will be reviewsd
nnlylrhﬂyundonlyfornh}cct\\.ﬂ.dnmh\hhumthaupqi-
mmutmun&dmlmp\ctdymdlngtolthcduh(ﬂg ).
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oubiect WK,

b 1as)
Grodient-colorimeter 3%~ — — —— —

Climatic room 0°C

mean of 3 4} and 6 keal/min

%o AL
b - cxpoeriments
¥We-—- - -1 B Clmate room 3°C
300 |
r D ! moan of 3 4 and 7} kcal/min
4
Mo e
cxperiments
s
30 N N
{ € Ctmatic room 30°C
|
X0 : meanof 3 6and  kcal/min
' |
exporime ts
- — 4%t
N 1
360
/ D climat room 33°C
12 4 1
PPN | manof4l 6and7 keal/min
A )
xponim nta
el VSN A |
'
|
a0 A .
'
8 oml
—
time
Fig 315

Changes in mean skin tomporaturo with time, Avernges of comparable
experiments of subjeet W.K



SYNPERATONS AXD THERMAL SWELTING 14

mataboll  rate 3 kealfmin
maen ot 39 15 WA IC

cHmatle Toom expariments

matabalic rate AY kielfmin
maen o 20 23 and 13°C

mal! Fonm experimants

metabolle rate ¢ keal{mnin vet

mean of 30,30 and 11°C

e~
i

climstie room wxperimants

JR metaboll rate 7} kealfmin nat

T |

uf‘

masn o3y Wand 3 ¢

imatlc oomn exporiments

T
[2FE BTN
Cradgra m recial with time Averages of oamps rh
of sabject WK,
331

Body temperciures

to Fign. 3.2 and 3 11 the mesn odn temperature in
ltudysta(emdmomhmlyinﬂmnad\:ytbom\ﬁmtmmm
tmmmwwmmmmmmmh



Climatic room 20°C
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TN VT S w
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Fig .18

Changrs in mean skin tempersture with timo. Averages of comparable
experiments of subjoct W K



llz metaball rats 3 keal/min
i
| mesn of28,2% and 30°C

cHmatic room expariments

metabolic rate 4] k ol/min
mean of 10,33 ead 35 €

climati room experiments

metaboll rate § koal/min ot
mean of 20,30 end 35 C

climatic room experiments

metaboll reta 7 keal/min pet

mean of 25 30 and 38°C

climatl room exporiments

Fg 216
Changrs in reetal temperatirs with time. Avorages { camparsble experiments
of mubject WK,
331 Body tempaatures
to Figs. 3.2 and 311 the mean akin temperature in
stedy etato conditlons s cnly fnflwenced by the amblent tempera-
m‘;ndmtnﬁmdbymetabonenm.AmiugM‘hhh
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also the case in tranment conditions the mean slkin tomperatures
in all experimenta carried out m the same ambent conditions have
been averaged and plotted aganst time (Fig 315) In subject
W K thers is a statistically aignificant influsnce of the conditions
bofore the poriod of work and heat load on the final reotal tompera
ture during this period (Fig 3 4) Apart from this the roctal temper
aturo 13 only influenced by the metabolio rate Assuming that thn
also holds in transient conditions the rectal temperaturs of all
experiments with the same metabolic rate and imtial conditions
have beon avernged and plotted against time (Fig 316) The
exporiments of subject v T do not reveal any essential difference
but taking, the avorages of his data is impaired becanse the expen
ments on v T wore not carned out acoording to schedulo

332 Changes in swealing rate

Only the transition of work to rest has beon investigated with
continuously recording techniques with the limitations mentioned
above It was not poasiblo to avernge all readings in any way
without loas of information Thereforo not all recordings of subject
W K. will be presented but only those with promunent features
to Ulustrate the findings,

Two distinot types of declne In swesting rato were observed.

3321

A slow dealine is seen under thogo conditions where ambient
temporatures during walking and mtting were equal and closo to
the mean skin temperature Under these conditions the subject
dooa not have any appreciable possibility to dissipate heat by
radiation and convection

Four expeniments are available with four metabolio rates during
walking They are shown i Fig 817 Whercas two curves show
a smooth decline two others show a fluctuation in sweating rate
An explanation 1w harardous since technioal imperfections ownnot
be excluded An analysis of experment 2 (mserted graph) roveals
s time oonstant (l/e) of roughly ten minutee There aro thres
sxperiments available where metabolio rato is low and whero the



wmtwﬂmmm u1

nt

g 347
mwhmmm«wrwmmaummwx.
wheare non-«vuporative hest sxrhinge fe emall.

mroating mate is Jow doe to a combination of this Jow metabollc
rate with & Jow amblent temperaturs. When ehanging from low
to high sweating rates, e.g as required at & high gradient-calori-
metee tenperature the rate of change In sweating rate ia slow too
(Fig 318) Analysis of experimeat 28 (imserted graph) reveals &
time comstant of roughly 13 minntes.

1322

The fast component was not sctuslly observed but {ts exwtanoe
was dedoced fram the slow component. Three experiments with
largs changes in metabolio rates and with rates

returning to low levels ars avaihable (Fig. 315} Here agatn not

all curves are xmooth A plot of tha dats of experl
ment 37 shows & more or Jows strxight fine for the actoally obaerved
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oubject W I
& g fmtny
13 = Lt
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aoe ~~13min
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1(33-3 O
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2
1
Ry
tirme
Fig 3.1a.

Chanpges in sweating rato aftor excrelse. Threo observations on subject WA
whero sweating rato daring excreiso waa low

data (insortod graph) with an catimatod timo constant of about
14 min which {s comparable to that of oxperiments 28 and 2
mentionod above but extrapolation from tho first moasured valuo
to the starting point roveals an initial steoper lino indioating 2
fast doclino at the beginning Tho timo conatant of this initial fast
ocomponent may bo cetimatod to bo of tho order of a fow minutes
and is In tho rame ordor of magnitudo as tho rato of change of the
motabolism after ccesation of modorate work (HENRY and Dx
Moor, 1058)

333  Acoumulation of heat sn the body

Tho heat balance oquation may bo applied also over periods of
timo in ordoer to ovaluato the hoat acoumulated in thomo periods
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Frg, 39
The fall in swesting rate aftar sxsreii, Three checrvations oo sabject WK,
where high sweating retos retum to kow velnea,

when 1t has beons demonatrated that at the beginning and at the
end of this period the rate of heat accumulation is negligible. This
bas been shown to bo the oo foc the Inltial aitting period, for the
period of work and beat loed and nearly so for the period of
recovery (Figa 3.3, 38 and 3.9 3.13)

3331 Accwmulanon of heat in the body in fhe pertod of work and
hkeat load. In Tabls 32 the eoefficlnts for non-ersporative boat
oxchangs and the hest of vaporimtion were proseated. Thess
factors may be apphed to the wum of the differences between air
snd moan skin temperatures and to the total cerrected weight Joss
during the exsrciwe period, respeatively
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subjact WKL
44 yuny
3 expas
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4 040~ 320!
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Fig 218

Changes in sweatmg rate after exarcise. Three observations an subject WE.
where wweatmg rate during exercise was low

data (inserted graph) with an estimated time constant of about
14 min which is comparable to that of experiments 28 and 2
mentioned above but extrapolation from the first measured value
to the starting point reveals an imitial steeper line indicating &
fast decline at the beginning The time conatant of thus injtial fast
component may bs est:mated to be of the order of & fow minutes
and is in the same order of magnitude as the rate of change of the
metaboliam after ceasation of moderate work (Hxwry and Dx

Aloor, 1086)

383 Acoumulation of heat \n the dody

The heat balance equation may be applied also over periods of
time fn order to evaluate the heat accumulated in those perrods,
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a fow ohjections to be meds against this procedure bat
«mmﬁmmm’:mmwhwdhduﬂmh
portance mumerioally
(R-+-Chus Was calouiated s follows If the number of Watty required
to maintain the thermal gradint of the celorhmeter withoat sabject i
rrprosmted by 4 (srauge of 13 readings) and the sma { the number of
Tatts chaerved in the whole Tweorwy period {18 resdings) by ITF then
the total non-svaporstive heat exchange i

{E4+irea=38 (184~ IF) 0.88 0.014337
where (B4 v in keal

14 tioa inserval fn minntes betwern two resdings
o9 11 % correction (sre 2.4)
0.014317 conversion factor (ixal{TV)

3333 Companson of the heat accusulated {n the period of work
and heat lood and lost v the recocery period. It is obvions that
the calculation of AH) Is much Jess aocurate than that of AMs.
While in the latter all tho laft hand terms wero messured mors or
lew continuonely in the former the obeeryed working metabolem
was multiplied by » large mumber of minutes, negloeting the
gradual rise in metabolm b the start, and the pon-svaporative
beat exchange was calculated rather than meawsured. With thess

rh the two & inationy show s falr agr

&8 chown
A¥ (work ard hett Woad pariod
o0
w
©0
«©
+
o
LD
+
"
0
© 'm0 o0 o wag
* = = (recovery period)
Fig 330,
Ca of the beat I the
work and beat koad and the body doring the paded of

Pest bott In excem fa the recovery period.
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Henoo
AR = Myoi+ 4Gw  Hy, + (R+C)iot
where  Afyi = Al multiplied by 648 {minutes)
4Gy =~corrocted total weight loss during the period of
work and heat load AG'y+ 4G 3+ 4G,
H  ~heat of vaporisation ns caloulated (Tablo 3 9)
(R+0)it=36 X (la~t) coofficient (Tabls 3 2)

3332 Loss of the acoumulated hent sn the recovery perod In the
recovery period the heat production by motabollsm the totel
woight loes due to evaporation and a continuous rocord of the non
ovaporative heat oxchango are available The heat lost in excess
to the heat produced and/or gained n this period k
Ally= Mpior+ 4G5 H y+ (R +Ohsor
where M~=the total heat produesd during tho recovery
period
AGy ~=ocorrootod total weight loss during the recovery
period
Hyy=heat of vaporisation from Hardy s equation
(R 4 Chtict=total non-ovaporative heat exchange in the re-
covery perlod

At was valonlated from the four dotorminations in tho recovery period,
by multiplying tho obeorved values by the filling timcs of the Douglas
bags and adding thoss figures. The timo clapsed between tho *=¢ and 3™
determination was multiplied by the averago of theso two. The heat pro-
dnntkmh\ﬁ\emndnh\gpu-bd between end of exerciso and start of the
first determl L 1 with tho following sseumptions and
simplifications:

1) the axygen debt conslsts only of the alactacld componont (AlaRoARLA
etal lm)’nwthmcmnantfwthhmpmthl.ﬁmm(}mrmd
Dn Mooz, 1855) The timo to reash tho metabolis rate of the first determi
pation ean then bo caloulated

1) the deeline in metabolio rate in the above mentioned period may
bo regarded as lincar or the heat produced in this timo equals tho product
of this time and the average of the working metabolism and that of the
first determination

3) the still remaining time was multiplied by the mctabolio rste of
the first dotermination
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3.4, FURCTIONAL RELATIONENTS

341 Relshon between change ™ wean body temperature and
changes 1 rectal and mean skin temperature

At the end of the recorery perlod the subject s body weight was
determined for the sixth time (G4). Dividing the obeeryed heat
Jost in exoees in the recovery period (4Hi) by the product of this
body weight and the specific heat of humans 083 (elted from
Burto and EpuoLy 1055) the change In metn body temperature
may be cbtained. This temperatore change ;may be related to the
changes fn rectal and mean akin temperatare appearing in the
sme period. Sinoe the change in rectal tempersture fs largely
determined by the metabolie rate in the preceding period, the
experiments with one particular metabollo rate have been pooked
and the change in mean body temperature Is plotted agalnst the
change in mean skin temperature at one averaged change In rectal
temperature (Figa. 3.21 and 3.22) Amalyxis of eovariance reveals

e T

N
N
N

u
TOD4 %-0AY Yol I04 x-TBE ol 04 x-0EY 10004 w00
Q!:’olnu 0346002 0246002 0246300
&

Fogp 322,

body termporature calenlated from
m-lmﬂhwtz
change in roctal termperature both cheerved in

Babeot ¥ T Change o mean
lost ™ wroses o the seecvary
son temperaturs and the
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inFig 3 20 (meandifferoncefor W.k 42 00andfory T —1 13 stan
dard doviations 25 2 and 25 4 respoctively Student s 2 test for dif
ferences with double-tailed probability greater than 0 50) Thestan-
dard doviation of the differences of both subjects combined is given
in the figure Assuming the vananco to bo entircly due to 41l this
figure gives o standard deviation of less than 0 5 heal per minnto
for tho sum of tho threo components of the heat balance. The aceura-
cies of two of thom aro known (for metabolio rato 0 10 keal/min (sco-
tion 2 6) and for evaporation heat loss 0 41 g/min (seotion 3 2 2.°)or
about 027 keal/min) s0 that the standard dovintion of the third
component must bo about 03 (082—(01R—{0277=(03R
Actually it will be emaller since tho assumption that the variance
ts entirely due to AH, Is incorrect. The validity of the agreement
will bo discussed m Chapter 4

mabject WK.
Atave

AH
Y, ah--om At o AT -4 &%

A

12 § Qo9x-Q363 y 0.109x-0810 yum«-au: y&mnl?ol
L‘?BAGBQ\. Otlbél)k Q:Nonvo\.,ocaeamA

iy
a-coelT \

1 o o LI38 = oM
0. 04 06 Q8
- sty

¥ig 321
Bubjoot W.h. Chango in moan body temperaturo caloulated from tho beat
Jost in exoces in tho recovery period as function of the chango in mean
lﬁntmp&ﬂumnndtmﬁmmmd temperature  both obscrved In
tho recovery period.
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load.
dhwmmnhwdhmopukﬁdmknmihat
Applyh:gdﬂ.hﬁ.udafdﬂllothnchmlnmulmdmun
skhtmpaﬁmobaﬂedluthnpﬂbdc{wwk@hﬂt&md
gres tho following equations

for sabjest WE. ‘_].‘gﬁm-ouu At +0.852 At 4040

for eubject v'T b,gaﬂ*m-um AL 40T AL+0SS

In this matedal the anslyses of eovariance give lnmgnificant

it in the regross ! but highly sgnificant
differsaces in the a-cosficlents. They are shown in Table 33

Tamx 3.3
Tendatice analyels | the contritndion of D recinl emperatury ko the mean
{nderaal tempersture

Bubject W.K.

{ fobject v T
- at | < AL
x,..\uua.\ A ‘-— ”p-suMi &~
278 | 40818} 40am2 | 048 208 | 408031 4013 [ FL]
631 | +osse| oess| 054 [ a4 | +o307| 10402 o0s0
583 | +0ME | fOTH] 078 688 | 40668 +0677 102
88 | +138 ) +1.008 | 020 397 | +1038 O 04T

together with the average changes In rectal temperatmrs and the
sverage motabollo rate The results seem to suggest that the reotal

pere more nesry appeosches the mean interna] temperature
( "

[{ st higher metabolle rates,

342 Chauge wn rectal tomperature duning exercise a1 o funchion
of metabolic rate and dekydration

Bubfect WK, shows an effect of preceding dshydration on his
ﬁndrtddumpuntmduﬂngumdu(ﬁg.ll) Both subjects
lh)'lrehhbetmndehydnummdtbnlmmtby'hidi
mmmmmmmunnmumnm
prbd&mlt&umddth&dp&ﬂddﬂﬁng(ﬂpk\&lnﬂ
314) Inurdatomblhhthﬂrhkndthnchngulnmd
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that the four rogression coefficlenta of one subject do not differ
mgnificantly Thus ono common regression coofficlont may be
caloulated for cach subjoot. Tho linos with this coofficlent are
shown Tho y-interoopts where A, 18 zoro differ significantly They
indicate the change 1 mean body tomperaturs due to change In
reotal temporaturo only In a soparato graph tho a cocficionts are
plotted agninst the mean change In rectal tomperature Thoy show
a fairly linear relationship but tho lino does not pam throngh the
origin  The regression oosflicients in the main graphs indicato the
contribution of the change in moan akin temperature to tho chango
in mean body temperature A surpnmngly low percontage of
approximately 10 ¢ is found in both subjocts A similar small
contribution was recently reported by StoLwnyk and HarbDy
(1968) The ocontnibution of the rectal temporaturs to the change
in mean body temperature exceeds 100 % which ia surprising
sinco & value of around 00 % was to be oxpootod, The goneral
equations for the change in moan Lody tomperaturo are

for subject Wk osaﬂto. =0100 Aty+1 188 die—031

for subject v T 0;‘3”'0‘ =0 104 Aty+1265 At,~0 16

The woighting factors for the chango In rectal temperature and
the nogative conatants indieate that chango in rectal tomperataro
does not quantitatively represent a change in intornal temperature,
Application of the same tochnique using tho heat acoumulated in
the poriod of work and heat load (417;) and the ocorreeponding
ohanges in rootal and mean skin tomperature glves tho following
equations

for subject Wh 471 _ 0103 A4,+0637 dt+085
4

083 &

for subject v T '(Tsaila". = 0085 Aty +0 691 Ate+0 10
Tho woighting factors for the chango in mean skin tomperature
remain almost unaffected In thess analyscs of covaranoe however
the a-ocoofficients do not differ eignificantly (not shown)
From Fig 320 and the discussion in seotlon 333 3 it may be
conoluded that AH, with revorsed sign fs tho bost availablo eatimate
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temporature. The Jower work loads ocourred withoat inelination
of the treadm{ll. Thus in thees cancs the gros metabolio rate was
equal to net heat production In the body At the cthee two wark
louds there was » certain amonat of external work and by cooes-
quetee the net meiabolls heat produtiion wes smaller than the
grom matabolic rate. This fnding b In agreemsat with the resits
fn Fig 36 wction 3221 It weems to be the wnswer to Jacxeox
and Hasouxr (1963), quotad In the introdoction (section 11)
who doubted that the rise in rectal temperature fa canwed by o
et pofnt whift Both sulbjects show almost the same
wnd both lines origl: at & metabol.

mmmmmwm:b
in rectal temperatere dos to dehydration alone are individually
different, but the coetok

agree ty well with those
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temporature into n ohange duo to work and a change due to de-

hydration an analysis of covarianco was carriod out (Fige. 3.23
and 3 24) Smco a chango In roctal tomporaturs is known to be

sublect WK,

At (ewotctso period) —
4 Moo Maw Flove
groos M groes
rokeal fmtn A3 heat frtn -y Aty wAN ity

[

g Y GATRQI v odTast
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04 / yeQ473 10828y 0473 40704
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02 04 Q6 a8 02 04 00 08 0 Q4 ab 08 0 Q4 06 08
a3 G-

Lo

a-coett ——
o8
Mnat
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04
0
o09Tx oot
4 6 8
¥4 gros {(keal fmin)

Fig 3.23

Bubjeot W K Changes in rectal temperaturs as a f inction of dehydration
and motebolio mte

influonced by the metabolio rato tho data at ons metabolic rate
wors pooled nnd in theso four groups tho ohange in roctal tompers
ture wna plotted against the weight loes during the exorciso period
(G1—G4) Tho analysw rovealod that tho four regreasion coofficlonts
of onoe subjoct do not differ significantly The linos with the common
regroesion ooofficient aro shown 1 PFigs 323 and 324 Tho y
fntorcopts where woight loes 1 xoro (a-cocfficionts) differ highly
significantly On tho soparato graph those a-coofficlonts wero
plottod against gross motabolio rate Thoy show o atraight lino
relationship Thia linear function indiestea tho puro offect of
metabolio rate on reotal tomporature Itisnotoworthy that metabolio
rato rather than net heat production dotormines the rss in roctal
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line to the right except in the runge of kow e, A
mentloned befors the experiments with v T are incomplete Hs
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caleulated in Figs 3 13 and 3 14 although they are & littls amaller
Thia may be attributed to the incquality of heat gaine and lomes
at the end of the recosers poriod (Fig 7 12) or {n other words
to the fact that the reetal temporature did not return to the expected
level Contrary to ather groups of data to which the analysis of
covariance is applicd in these datn the four groups of x values
(1 =G aro not equally distributed over tho absolexa This might
conmderably influence the awcooficlents, A multiple regression
analyrla (Sxrpreon 1050) does not have this diadvantage Yor
subject W R the following equation was obtained
Yy~ 0460 >+ 0007 (-0 GO0
when oy dfe
oG
= M
The standard error of the fimt constant in 0902 that of the
second constant 0 02 The ngreement of the two equations abtained
with both statistical techniquos is ro close that it mas be regarded
mafo to apply tho analyais of covariance to this material

343  Sweahing rale ar a funclion of body lemperalures anl as a
funclion of the change 1n mean body temperature

In this scction the sweating rate is first plotted as a funetion of
rectal and mean skin temperatures according to the claseal
coneept and secondly as a function of the changoe jn mean hady
temperature as ealeulated from the heat acoumulated in the body
during the period of work and heat load nccording to Hardy »
concept of & typo of summation of the combined inputa from

the receptors

3431  Swrating rate aa a function of reetal temperature at four
levels of mean alan temperature all obmerved at the end of the perind
of work and heat load (Figs 3 25 and 178} The well hnown in
ereaso of sweating rate with increaning rectal tempomture may be
soen at ench akin tempernture The lines ahow ncxplicable bends
within one sot of oxpedmental conditions In aulject Wh the
effect of the preceding period of sitting in the gradient ealorimeter
prohbably the effect of dehydration may bo feen a8 shiift of the
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line to the right, excopt in the range of low sweating rate, As
mentioned befors the experiments with vT are &
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does not show any sign of an offeet of the proceding sitting penod
but the rolation botwoon swoating mto and reotal temporature Is
n band rather than a lino In other words the samo sweating rate may
bo present at tw o roctal temporatures difforing not leas than 0 °-0 3°C.

3432 Siweating rate as a function of the change tn mean body
{emperature In Fig 3 27 tho sweating rato obsorved nt tho end
of the poriod of work and heat load s plotted agunst the change
in moan body tomperature erloulated from tho hieat lost in oxcoss
in tho recovery period (41 ) divided by 083 Gy Strotly spoaking
this AHly is not tho heat acoumulated in the poriod of work and
heatload but it may bo concluded from Fig 3 20 nnd the discussion
in scction 3333 that it is tho bost availablo estimato Three
graphs per subject aro obtained one for each gradient-calonmeter
tompornturo or ono for cach given but unknown initial mean
body tomporaturo In subject W K the threo regression cooffimonta
do not diffor significantly (nnalysis of covariance) and tho common
regression coofficfent gives threo Jines (shown in tho graphs) with
y intoroopta which differ highly significantly Theso sweating rates
without any chango in moan body tomparaturo show a fair agreo-
ment with the avorages of the swoating rates obsorvod at the end
of tho first period of sitting mn tho gradient calorimoter (indicated
by orosses on tho zero ordinato) Subjoot Wk swoats 0 59 g/min
whon hus mean body tomporature risca 1 C above & critlen! lovel

A multiplo regression analysis wsing § R .ty ¢ and calorimoter
tomporatures as vanablos yiolds G 52 g/min with o standard error
of 021 Tho offect of provious dehydrntion ns scen in Fig 325

cannot boe detootod probably dus to the division of AHa by G4

a dohydration of 085 kg (maximum valuo obsoryed during the
poriod of work and hoat load) affeots Gy in the denominator by
loss than 29, The obsorvations at 40 O gradiont-oalorimoter
tomporaturo show a largoer soutter than at tho other temporatures.
This is probably duo to tho larger variation in the air tomporature
(Table 3 1) of tho gradient calorimotor In subjoct v T the threo
rogroasion cooflioients do not differ significantly nor do tho g-intor

copts. Tho conclusion howover that v T sweats 8 50 g/min for a riso
of 1 Cinmean body temporaturo remaina valid In this matorial tho
multiplo regrossion analysis ylolds 8 32 g/min with a standard error of
0902,
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gubject WK, subjeat wT
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4. DISCUSSION

41 LiST OF EXPERIMENTAL RESULTS

The oxperimental resulta relevant to tho following discussion
are listed hero briofly

411 Denved from thermomelry
4111

The rectal temporatures ot higher work loads (6 and 7§ healmin)
do not show a steady state (Fig 316)

4112

Reotal temperature doos not return to its original lovel the
difference being proportional to the woight loss observed during
the oorresponding timo interval Omne subject W.K Las a rise
of half o degree Celsins por kg dehydration the other v T one
third of n degree per kg (Figs 313 and 3 14) An ostimate of tho
same effect observed in the penod of work and heat load roveals
047°0fkg for W h. and 020 O/Lg for vT (Figs. 3 °3 and 3.24)

4113

The change in rootal temperaturo during excroiso can be divided
into a change duc to exerowse and & change duo to dohydration
(Figs. 3 23 and 3 24) The chango duo to excrciso 1s nearly the ssme
for both subjeots (W.K 0 007°C/kcal/min v T 0 002°C/keal/min)
and is proportional to metabolio rato rathor than to net motabolle
heat production. The changs due to dohydration is dossribed in
4112

412 Derved from calonmetry
4121

Both subjoota seem to catablish a balanco botwoon heat gains
and heat lossca at the end of tho first two periods of tho experimont
(Figs 33 38 and 39) and almost 80 at tho end of tho recovery

poriod (Fig 312)
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4122

Thnhuzweumuhtadduﬂngthnpudodafmkudbuthd
mmwboeqmlwtbena-hmtloddnﬁugthomry
peciod (Fig. 3.20) Thus the more accurate determination of the
nm—bu&lu-inthonwmym;ybomduthnb«tnv‘mbh
estimate of the hest ascumulation during the perdod of work
and heat load.

4123,

Bweating rate Increases with increass in mean body tempersture
and conversely For each chsnge in meen body temperature of
one degren Celdlus wbove a critioal lovel subject WK. sweats

6.59 g/min more. Bubject v T has & higher seoaitivity sweating
8 58 g/min more for cash degree Celslus rise.

4.13 Denred jrom bofh thermomelry and calorimetry
4131

When anslysing changes of mean body temperatare In terms of
its components change in mean akin temperature and changs In
rectal temperature, the part of the mean akin temperature s
independert of work lowd and amblent temperature {in the rangs
investigated) and & about 10 % for both subjects. The remaining
part may be expressed as u linear fonction of the change in rectal

P but this equats ina an inconstent welghting
factor and an {pexphioabis ocmstant (sestion 3 4 1., Fige. 3.21 and
3.27) This suggests that & change in rectal temperature ks not
represontative for & change {n mean internal body temperature,

4.3. THERMOMNTRY VERSUN CALORTHETRY
421 Thermal equilibrinm

I 1o rectal tamperatare measmrements would hare been made
uwoujdhnnbtenmqwmthtﬂnrmdhhmhm

or almost prasent at the end of ewch of the three perfods
of
experiment bemnhnncpm:\ndbutbmmw'g.:;
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the acouracy of tho measurement (Figs 33 38 and 39 319
Yot reotal temporaturo soldom reachee a steady state at the end
of these ponods (Fig 3 16) Howover an estimation of heat storage
from thoso tomporature changes will provide reenlts lying well
within tho error band of Figa, 33 and 3 12 oven if tho contrnbation
of tho rectal tempernturo is exaggerated by nssuming an unroalistle
weighting factor of 100 % and the slight dooroases in mean skin
tomperatures (Fig 3 18) aro nogleotod A calonmetrical analyas
of Fig 11 whero o continuous nso in rectal tomporaturo is scen
is evon more aurprising Tho rosults are shown in Tablo 41 Each

Tanix 41

Calorimetrical analpets of Fig 11

Period 1 [ 2 ‘ 5 8 T s
Mo +T8L £T16 +T70% $T04 FT4T 4720 4728 A6
(R+0) +1.27 4161 +167 +171 +169 +167 +171 +18
E —7.50 —-873 —B860 —862 —827 —B0S —758 -—&I8
Eng—E +128 4004 4008 4013 +089 4070 +140 4217
4t in "0 408 4014 +018 403 4015 4018 +013 048
4t in *C +175 —047 —042 +033 +40.6 +010 +010 +047

AH koal/min  +*11 +0.7 +033 +084 +046 +045 +0.37 +122

column applies to tho corresponding poriod of 28 8 min The error
of the harnces and tho cosfficient for the non-ovaporativo heat
oxchango as applied to this subject J V aro averngos of thoso
obtalned from subjocts Wh and vT (Tablo 32) Tho hoat
storege (AN) is caloulatod from At and At using the averago of
the first pair of equations obtained in 341 When only Erg—F
i considored a thormal balanco soems to havo boen obtained in
periods 2 3 and 4 which cover nearly 1§ hours after which
swoating rate starts to fail to moot the requiromonts. On tho othor
hand the hest storage (4) caleulated from the chango in body
tomperaturos shows a positivo figuro throughout without any
distinct sign of disequilibrium aftor tho 4t poriod This discropancy
cannot bo explained by incorrectly choscn constants such as orror
of tho harnese oooffciont for tho non-ovaporativo lioat oxchange
or welghting factors for body tomperntures sinco othor valuos for
theso constants only affoot the numerieal valae of tho figuros but
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ot the trend with time, The eardinal question is whether » thermal
equilibriom exists duriog the penods 3 aod 4 or not. If not,
rthnotdouwhythostmgahunlfo-mbothinqmdﬁquﬂjbdum
eondlbont and definite disequillbrium conditions. I yes, the
qued.lmmybaulndw’nytbamdumpunmmﬂmmdrm
lndnbodythatampenmndmplinpmpodmmmtbm
eannot present s sihdfactory sofution

422 AHy=AHy and recial temperaturs remaining higher ol the
end of (ke recorery perfod \n proporiion to the weight loss

Results 4.11.2 and 4122 wem to be contrmdictory When
AH, calories are absorbed by s mass Al the tempersture will
rise to o certain lovel. When the sams amount of heat is lost by
2 mpalier mase the tempersture shonld fall more than it has risen.
This w ot the csse in the actnal experjments Elther 4H; doos
not equal Ay ot the change in rectal temperature s not & good
measure of the change in mean internal body temperature, ar both.
The weeond altermative is confirmed by result 4131 but this
does not imply that AH, and AH, are oqual.

423

Bammarizing it can be stated that several results from theemo-

oquality of AH, and dHy due to lom of body mas cannot be
dumnmuui.wﬁ\m;h-dumkﬂngx\mfxvm‘mmbodym-
of an adult man means a changs by less than 2 %, Therefors in
the experiments hnrvAB,mnnfdybomgudadutbo

bmnnﬂlbhmkmnho{tbbntmnhbddnﬂng peciod
of work and heat load. the

during exemeise and dehydention,

mmﬂmofdahydrnlmunmultmpentmbmlnboﬂ:



168 J W BNELLEN

subjeots whoen the reotal temporatures at the end of the Tocovery
poriod aro considerod (Figs 3 13 and 3 14) The subjoct with the
largost influenco shows an offect ovon with small dehydrations,
ranging from 50 to 250 g (Fig 34) It might Lo objocted that
rectal tomporaturo has not yot returned to its initial valuo but
it has beon demonstratod from the heat balanco returning almost
to its initial valuo that initial conditions havo boon nearly regained.
Moroovor the fair agreomont of the two detorminations of /4G
found with different tochniques nnd from data obtainod from two
difforont poriods of the oxperiment may also support this con
clusion It js moro likoly that this olovated temporature wiil not
disappear unloss tho subjoot restores his lost volume When he
docs rootal tompornture will drop prooipitously (8r®AY and
OnnisTeNseN  1005)

44 CHANGE IN RECTAL THMPERATURE AS A WRASURE OF TOE
CHANGE IN MEAN INTERNAL BODY TEMPERATURR

It is worthy of noto that changes in reotal tomperaturos can bo
undorstood in torms of changos in motabolio rato and dehydration
(result 4113) but that changes in reotal temporature do mot
cover gquantitativoly changes in internal tompersturo ns caleulated
from ohanges in mean body temporaturo (result 4131) It ia
known that other internal tompornturcs such as ceophageal and
tympanio temporatures tend to run moro or loes paraliol to the
rootal temporsture oftor an initinl phaso shift whon tho subjoct
performa physioal oxercise The discropancy botwoon rosuits 4 113
and 4131 montioned above may suggest that changes in reotal
tomperaturo rofloct fairly woll tho changes in what is usually
rogardod as internal temperature (tomporature of tho aortio
blood?) but that it doos not rofloot changes in other intornal parts
of tho body such as working musclos (o.f Ronorsox ¢ al 1065)

45 BWEATING RATR AS A FUNOTION OF THN CIIANON IN MNAN
DODY TAMPERATURE
The maln objectivo of this study namoly the attompt to ostablish

& fanctional rolationship botwoon the change in mosn body tempor
ature and swoating rate has boon achlovod as soon from Fig 327
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mmmmppaiﬂudy'-mtwthmdnuﬁngheﬁehud
hyn“typsafmmm:ﬂmdtbemmbhxdinpahﬁvmlhempﬁm
wll ovez the body surfios and in other tissues In this atody &
represcntative value has been determined from calorimetrieal
mmmmﬂfmcxprudngnvmﬂthormﬂchmgu(nﬁnbody
in termw of » temperature instead of & vague sumgmathon of the
combined inputs™ The chenge of this meen body temperators
shows & linear relatfonship wmith sweating rate o sign of “eatu
ration of the control system” {WYaDmaM 1685) was detected in
the range investigated (up to spprox 1 g/min) Tt i admitted
that the subjects were not exerted to pear maximal sweating rates
whoeo such & satorstion might be expected. The two subjects of
whom ons was mich more naed to physical exertsse than the other
show distinct difle in their signal-resp curves. The subject
with the greatest resporse (v T) doess Dot show a statistically
dgnificant difference In mean body temperature at different
gradientcalorimeter temperatures prior to the perid of work and
beat load. (Actually the sweating Tates did pot differ significantly
st the painta corresponding to zero changs in moan body tsmper
stare.} This might Indioate that, dus to the high senditirity of the
control systens, mean body temperature b maintained at nestly

the same level although the subject Is exposed to thres different
ealorimeter temperatures.

$ SUMMARY

Thertal ewwating W & rewpone to too high taperatizros
mmd«hmmamﬁ’m‘hm:
fical (ska) teurperstures and internal (rectal, sophageal, tymrnko) tantper
stures as meoming signale end eweating ra! s controbed outpet. Contro-
verwy exists g the mode of § botween wnd
mteroe] temparttures This eontroveesy migit be resotred (f oo could
obian some in of thy
Em'nﬁy‘mhmwymbubmqu
darin 'y the Bemt durieg

meﬂvﬂwﬁwdmb’mmmwm
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mensured At regular intervals alr and mosn skin temperatores, rectal
temperature dew point temperature metabolwm and weight lom. In the
first and third period weight los and non-cvaporativo heat cxchange weee
recorded continuowsly Threo calorimeter temperatures and 1 different
combinations of work and heat load wero chown and experiments wers
carricd out in all powible combinationa, The humidity wea low

Two subjeets were mvestipated At the end of cach period an equilibrizm
between heat gaine and heat lomey scemed to bo established The heat
accurnulated diring tho period of work and heat load was estimated caloed
metrically and appearced to be equal to tho excrs heat lost during the
recovery prriod which was also detetmined calotimetrically Mot variabls
Investipat d including sweating mte returned almost to ther ongmal
valucs obacrved at the emd of the finst period with the oxception of the
reetal temperature which remained higher in proportion to the dehydmtion
in the intermediate period A conwtant mtio of 0.5 C/kx and 03°Cjke
reepectively wan obecrved in the two subjecta. Tho subjeet with the highest
matlo ahowed a shift upwards of the relation Letween rectal temperatare
ant! metabolie rate during excreiae In proportion to the dehydmtion in
tho preecding penod of sitting in the gradient calorimeter dn wnalpss
of tho chanpe in rcctal p ure dunng reimo nto its comp
parts, o change duo to dehydration and a change d 10 to excreive revenkd
& dehydmtion offset of 0 47°C/kg and 0.20°C/kg respectively The change
In reotal temperature due to excrcse alone was nearly thn sama for both
subjcots and turned out to be proportional to metabolie rate rather than
to net metabollo heat production

An analyuia of the chango in mecan body tempersture into ita component
parte, change in mean sldn temperature and ohange in reetal temperatart
rovealed a contribution due to tho chango in skin temperature of approw
mately 10 9, for both subjects, but the remaining change in mean internal
temperature was not directly proportronal to tho chango in rectal temper
aturo. A tentative explanation fa that changes in reetal temperaturo refect
with a coneiderablo Ing changes in aortio blood teraperature but not ather

intemnal  tempertures sich as temperatures in working muscles.

Thn swcating rato during cxerciso was dircetly proportional to the chanee
in racan body temperatare 8 89 g/min per degree contigrade and 8,66 g/min
per dogree centigrade for tho two subjects respectively
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TRACER. DILUTION CURVES IN CARDIOLOGY AND
RANDOM WALK ANXD LOGNORMAL DISTRIBUTIONS

»T

L E WISE

1. INTRODUCTION

Tracer dfution exrves onght by this time to have become as
usefal in cirenlstion resewrch aa thay are for determinmg cardiao
catpats as & routine, This has not yet bappened although the

perimental and nt techniq vo become more snd
Tore te and jent. For ple, the plete curve
must still be abtained by extrapolation in order to determine its

ares and eatimate the cerdiss output. This extrapolation i on-
rellabde in many oases more often atill it is good encagh for ardinary
roatine but not for detecting small changes when much greater
wocnracy iy needed.

From every point of view we want to be ablo to fit & mathema
tioal fupetion to e much of the primary 4 curve as
poseible Then we would be more coufident both abont the usnal
routine extrapolation of the curve, and of Interpreting its form
phystologleally Tt has been known for some time that both log
normal and random walk distributions provide good fits to dye-
dilution curves, except possitly in the upper tall prodoced by
thes slowest, injocted particles of tracer that have pamed through
the heart ouly oncs, This was fist proposed by Smrrrayn end
Bavacn {1831), and BAryramn (1954 1058 1062) hax considered
pﬁbhnndomn[kmiehnndh:pudmedomrmdngugn—
ments for interpretmy tracer-dilution eurves fo this way

Recently some grometrical properties of the lognormal dlstri-

tration have been foand to provide & quick and sccurate method
ofﬁnmgthunmmonofAtrphnldybdﬂu&mcm!ndndkug
the whole of the ascending Limb aud without fovolving this opper

175
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tail (Wist 1066) On the other hand moat of a typical random walk
curvo can be flited vory cloacly by a lognormal eurve and vies
versa In this paper wo shall aliow how this 1s dono so that observed
ourves can bo readily fitted by o random walk funotion.

Wo shall also show how the paramoters of the random wlk
curve may be Intorproted in terms of a rohomatio phyniological
modol Thia 1 illustrated by somo results from analymng dye-
dilution ourven obtained from patients at rest

OF tho usual routine enloulations that for cardino output proves
to bo simplo onough but care is needed in dofining the distribution
of passege times botwoen Injection and placo of measuroment, and
great caro is needed ovor tho so-ealled contral blood volome ac-
cording to tho mndom walk model

2. THE EXTRAPOLATION PROBLEM

In tho curvo shown in Fig 1 the scoondary maximum is rather
high but it 18 very raro that this is complotoly sbsent This curve
was one of o largo orios obtained from dogs in routino testing

l 1]
£
E u
¢ x
£ \
3§ LUJNONL\\ EXPONENTIAL
6 0 CURVE \ GRVE/
i N
x S oeeul
0 v » x w
x TIMEN SEC FROM NUECTION 4 RIGHT ATRUM

Fig 1
dogs
A dyo-dilution curve obtainod from routine testing of anacethotics on
ai tho Jansecn laboratorics, Booese Dolgium showlng early recirculatfon,
and & considorublo d 1 i-log and lognormal oxtrapolatiors

of the prjmary curve,




ALCEN DILDTHN QUEYEN DX GARDIDLOAY m

uf.mutheﬂu!).lu{mnhtypiulmmgh.‘vhmndyehu
p.edthrmhthnhaﬁmdthclunglthnmcmmth\mm
eurve messared ot ¢ fixed point in an astery or caplliary is alwayn
positively skew and the upper tall fa always masked by the
wudnrymlnthkunmphtbeﬁrﬂndmuhdngwﬁdu,
whish must have passed torloe throogh at least the left heart, are
sorpriingly escly (That b to sy the time of return from the
acrts to the heart must be very short.) The corsequence la that

plaoibk hods of polating this primery curve are
sppreciably different from cos
The 1l 1atl

p p Introduced by HaMILTOX (sec o.g
Knmuax 3oose and Hasorrow 1029) is wed in the grest ma
jority of cases. When the logarithm of the ordinate of & dye-dilation
carve i3 piotted aguinat time thers is always » Mraight portion
and thix 1 simply asumed 1o continue into the unobeervable part
of the primary emrve. Also when neatly the whole of the descending
limb ean be obscrved, the stralght portion is considersble. In many
serien of experiments comparing the dye-dilution estimates of
cardian output obtained in this way with the direct Fick ones
agreement {s good, afthough the standard error of the ratio of the
two eatimatos can be a3 much us 0 1 {se¢ e.g. HrooLir and Rorme-
HAUSER, 1062 for many other references)

In many other cases, bowover the straight portlon bs not long
endugh to provide s refiable extrapolation. This b particnlarly
liabls to happen with many abnormal heart eonditions, jurt when
an acourate determination is particularly needed, Then the extrs-
poiation must be obtained somebow or other from the rest of the

curve Inlﬂaﬂthufmmdthodcsmdhglhnhmhtmfnﬂuv
: y from what precedes Ho

3 ATTEMPTS TO DETERMINE THE FORM OF A
DYE DILUTIOX CURVE

Tho most, extematvs publiahed analysis of setnal omrves w the

ons given by Dow (1835) Tt was adequato to throw doubt on

mymphﬂmlhvamnthmm}ymmﬁsm,

) 1o the Janema laboratories, Bearse,
o tng & lacg s deum.tuvhnmyu:mh
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among many other things, a loganthmio transformation of the
timo scale and he gives a very large number of plots of dye coneen
tration agamnat log ¢ when ¢ was the time from tho start of the
injection Nearly all tho ourves plotted in this way wero positively
skow but leas so of courso than tho original ones. AMoat of the
ourve shown in Fig 1 (in tho present paper) does in fact fit extremely
well to o lognormal one but tho zero of the timo lias to bo mads
about 7 sec in other words log (t—7) s normally distcbuted.
An approximato caloulation based on Dow a plots of concentration
agamst log ¢ showed that if the abacisan scalo had beon tranaformed
to log (t—1o) with #5 cqual to about two thirds of the so-called
apposranos time then most of his curves would have beoome
symmotrical

Tho fact that a lognormal distribution with o zero later than
the time of injootion, ocould—sometimes at least—provide an
oxtremely good fit was not easy to recogmso until continuous
recordings of dyo conoentrations conld be made all Dow s analyscs
wero based on measurements ot discrete mtervals Stow and
Herzrn (1055) gave some cxamples of good fits to observed
curves but the success with this mmplo distribution hes attraoted
little attention because a8 Dow ponted out, no dofinito meaning
had been asoribed to the lognormal parameters ‘in terms of the
hydraulic factors involved in tho dispersion of indicator The
need to chooss nn apparently arbitrary xoro for the timo scale
ncreascs this diffioulty and it certainly made 1t muoh harder to
find a mmple way of fitting an observed curve The mothod used
by Stow and HrrzeL and also by Lewr (1064) deponds on esti
mating tho modo aoccurately which 1 very diffioult In practice

Tho method of fitting the curvo is sllustrated m Fig 2. Its main
advantago is that the infleotion tangents and the maximum ean
almost always bo estimated aconrately whilat loss reliablo vanables,
such as tho mode the appearance time and tho slope corresponding
to a small part of the desconding limb whon log y is plotted agaimnst
¢t are not used The fits achioved of lognormal to obacrved curves
are 80 sucocesful in 80 many coscs that this must outweigh eny
objections But this suooces introduces a now difficulty as soon
as wo look for & phyeiological intorprotation. The lognormal ourve
is always regarded as o probability ourve Sevoral other akow
probability curves aro close to lognormal ones cxoopt 1n tho oxtremo
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upper tail in other wurds st long times after injestion, in the
wnobeermable part. Thess (nclode the “random walk  curve studied
by Sheppard, and other random walk curves. 8o we aro still left
with an extrapolation problem.

M\mlt\huph)ﬁbgh!obheﬁmtobgmmdmm
similar ones esn be answered. parumeters are
hﬁecd.m&nhtcdtothnhydnulhprw-ubeume as suggested
by Sheppard, the form of the curve is not determined by hydranito
procemses but by stochastlo processes, Each separats dyo particle
on ity way throngh the system, must, In effect make many random
cholces between different pathways 1t i possible, too that every
pulse preseure wave gives rise to soms turbulent mixing

4 THE USE OF THE INFPLECTIOX TRIANGLES OF
RAKDOM WALK CURVES AND THE COMPARISON
WITH LOGNORMAL CURVES

The random walk funttion cotmidered in detail is the “local
demity” one It b the sme as the loeal demsity time eurve for
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flow nlong o Mraight tube (sce c.g TayLor, 1054) If X particles
of tracer are injeoted quickly at fm0 and the apeed of flow i
the number of particles per unit length in & amall interval of
length at o flxed point along the tube is

405 @) (ool alte)) o

Here g (1) in & probability funotion and 4 and 6 are parameters
which aro defiued preoiacly in acotlon 8 (Tho derivation of (1)
Is ghen in Appendix A) Two other random walk probabibty
funotiona aro important fn thia problem and theso two will bo
consfddered later It haa heen suggeated moro than onee that this
ono could bo relevant for fitting to dycdilution curves (hoRNER
1081 Lrwr 1004) Bo wu ahall givo the methed of applying i
in practiee and its relation to the lognormal distribution hefore
going fnto the theory

The geomotrical properties shown In Fig 2 have proved a
godacnd in enabling theae ourvea to be analysed quickly Vo do
not havo to wait until on lino computers an avnilable in evers
enrdiological wnit!

Lascntially wo profit from the faot that a great deal of the
rising Yimb is very clomo to n atraight line the tangent at the fivd
point of inflection and that much of the top half of the falling limb
i clase 1o the tangunt at the second point of inflectlon Also thest
tangents Mterscot at & hoight that hua a nearly conetant mtio
to the maximum of tho eurve this height ratlo decrcasea very
alowly for n conalderablo increase in the ratio of tho alopes of the
two Inflestion tangents This provides an jmmediate chech on
whether & good fit ia posaible

Tig 2 and Table I ghe a lognormal o random walk and &
gamma ourvo for the aamo inflection trlangle 1t is clearly diffioult
to distinguish between them exeept in the upper tail but in most
dyc-dilution curves this tail is likdden by the reoandary maximum

TroMrsoN ¢t al (1004) ahowed o moat suceessful fit of a gammn
ourve to o moderatt]y skew dye-dilution ourve and nported many
ather sucoerres They also ahiow o & much more skew curve Again
the gnmmn curve waa close to it but the shape of the rixing limb
was olearly different. In the gamma ourve almoat the whole of
the cising limb was convex (upwards) (Cf Wise 1060 par 7)
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In thh respect the bognormal and random walk curves

t it

y=yuaxp ({7

(the mwdian ts w4t whete m=t exp (oF)

with hy 0041118} (om=0.8TTLES;

3= 1208000
y=A Wt
with & w25760%
ny = —1AINI5Y
- RIETTE
A4 ~01140
Ordineio
Random.
wallk
0.00018 o 12
0.00189 L] 13
001320 000148 L4
004413 003817 18
010384 0.0883 1.8
o5 0dsdl 17
03084 93083 14
05060  QRes2 13
0THI  0TMS 20
[Eyi- S )Y 21
0840 o015 23
0STI0 09641 13
09047 | 09223 24
0.9M7 | 09427 2
08772 | 0.86TT 18
208D | 08401 18
080T | 0.9031 W

o =0 42311
o —yiet

Joumme 7| [P

0.8075
0.8083
08858
0.4883
03978
03119
02587
03088
01848
£.1300
016349
003188
Q06474
Q08119
0.04048
0.02533
0.01887

LY ]
0.0043

bo more wuecemfnl even when they are very skew

We havo anaiyaed more than 200 dye-dllation eorves by fitting
them to lognormal curves. All four defining paramsters wese ob-
tained In each oase and others of phyviologieal and statitioal

interest were dedoeed from them. (These rewults will be dtscuesed
n another paper).

09080
0.8563
0532
04808
03878
0.3071
02401
01884
81416
01070
0.03023
005873
0.04413
0024y

002384
001241
000830

seem to
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The physlological mterprotation is in torms of random walk
curves The matheroatioal formulao relating to the random walk
ourves and their infletion trianglea aro much moro oomplox than
thoso for lognormal curves (sco Appendix B) and wo havo only

Tanrn 8

The nflection triangle of the local denatly random walk etrre
b1fba ratio of the slopes of the tnflection tamgents
yn/ya Relght ratio verter of tnflection iriangle/mazimum of eurre
A/4 area mtio area under complets enrvefaren of trianple
DParameter 2 and # as 1 (41) 1jimn (n+1)/120 or

e — 1 p(14 480/2)

bifon ya/ysr
1 1.130
15 1.2120
3 110
5 12000
3 1..009
3.5 1..034
4 11004
4.5 11952
b 11908

Al

1033
1 0436
100%7
10837
11040
11.36
1140
11067
11871

Tanre 3

12

o

003087
011320
019131
0..6780
0 34180
041231
0 48046
0.5470*

17437
3.1
43174
51818
50210
0.5518
71113
76174

The parameters of the tnflection triamgle for the random wall ewrve (41)
with is=l From the two columns on the right the ralues of pand te (tho lower
bound) for an obserred curve can bs estimated

2 n T
o0 0 1
1] 1 075903
20 2 000974
10 3 0 48530
[} 4 038375
4 5 030208
2017 ] 0.34034
1547 7 019220
5/3 8 015508

Tn Ta

1 1

090834 1 7318
005084 148771
090301 170454
084368 102008
077445 2 13.20
000031 223204
062298 251045
0.54021 7172

Tu

3756°0
217730
1.54850
1 20801
098409
081738
0 74002
0 685874

Tay—Tw

0

023040
0 83687
0 80003
107730
138778
103333
180047
21 851

TotTs

3
203308
209745
216970
0474
43818
57298
270874
2 83341

If tho obsorved timos aro # fs and fg then pi=(! —tx)/(Ta—Tg) snd

Btomety+ta—; (T1+Ta}

The infloctkon tangents meot tho beso lino at times Tt and Ty, and meoh
ono anothor at timo Tp hoight T o
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numerical rexulta foe » few selected valnes of the ahape parameter
(This parameter B2 2 tn (41} But thete ahould be sufficlent, by
interpolating fornlulngthnlognutmlptumetmtonndumvmlk
ones in all cases that arise at all often fn practiee

From Tables 2 and 3 the random walk parameters can be obtatred
directly From Table 2 the height ratio test ean he earried out
mhﬁmymmgmmhmmfmnlogmrmﬂm The
height ratics rematn slightly closer to the limiting one of 1213
and are eloss to 1.21 for & wide range of slope rattos by/b; The
extrapolated ares mder the complete eurve needed foc determining
the cardiao outputs can again bo cbtained as a routine without
d ining the other p the ares ratio 4/4 (ratlo of
ares A under ths emrve to the ares 4 of the triangle) varica nearly
enough linearly with the slope ratio biftr, as for a Jognormal curve
The ratios are slightly less than thoss for logparmal curres they
aro much closer to those for the distrlbation (7 1) which have
already been calonlated In & few casen (Wisz, loc atl., section 8).

The parameter 1 1w determined uniquely by the slope ratle
TWhen this i greater than 1.8 [inear interpolation of /1 seems
securate enough for fltting to cbeerved curves (ontil foller tables
wro avaflable).

The perameters involving time can be obtained from Tuble 2.
The parameter x—the time taken by the medlan particle to reach
the placo of measurement—fs best obtained from the ohserved
vatue of #1—tx whers the second inflection tangent meets the first
one 1t time {7 and the base hoe at tlme t; The comresponding
theoretical valors of Ty— Ty in the table vary pearly enough
linearly with & which In terms of 2 fs glven by Zwwm—14
{1 +(4s0)p

IuTnhleithnnmiumnlklndlummﬂpﬂmctanm
eomp-nd.[nnurlyd}thedye—dﬂu&onmmmlyud.oﬁ:
thomnduddnh!mua(lognm-md)m&m&tmulmd
0.85 correaponding to alope ratios between 1.5 ard 3. Then the
random walk parameter 1 varkes between about 20 and 4 o Yares
oearly encugh linearly with a (where as befoee A=120{(n¥+u)).
Over this range ot ta approximately equal to 1L

ﬂelurvrbound.nlmoq—u}tanumlogml m —the
median is m 4l —eorresponds fahly well with the random walk
prrameter x hltmﬂstudhﬂgﬂﬁumltvbmthﬁﬂn’mbommu




M ¥ WISE

184

wi o1
000 L1999y 1
650 @€t
2ULeo g1
8RO L9991 1
o1 o i
3900 €01
seL100 L9910 1
¢ 18

s+ Y 1 ¥+1
eatrepres e

yIun panqunp Apouciou sy (03—
aum> Kjuuap-[ooop yum wwopuns

[U01) 18
BOOSL T
FLILEO
81108y 0
L89ST0
rs 10
60990 0
stL10 0

£T8I8 1
8L890 1
L08L¥ 1
«010T°1
<8181 1
eTLOI 1
85750 [
8010 1

O HODIP pIDDUINE DU W WDIDRRE

L
3
13T
e

£reg _
LS _

11
Yoeg

o

Gowyp |

ajowered vaniou oy

oML
009771
8L 1
80680 T
eI 1
¥101
eLo101
06300 1

|

|

19000
8¥00°0
280000
LI%S00
110 0
O8LI00
£relo0
6YS00°0

-

Ly1izeo
«S¥IL O
89379 0
58E90
1nero
13- 1341
oo
0871 0

0

0

(€'9) b3 osg

Y]

st
Loz

© e A O -®

A4
)
o1
[
L
=)

[ v
“arered wrww
‘@opreyy

1) *Borp Q72 ¥} PUNOQ LaN0] ¥y} PUD Ywmdf (['}) MLRD DA Wopums Mo
oﬁanttustﬁg-si_sruggcﬁ?gg&

¥ vy,



TRACTR POLDTIOX CURYES If CARDIOLOOT 183

axew Tho means and variances behave umilarly but the variances
chkzvlapoﬂndcurmmconﬁdcnblyhrgenhmthnwﬂu—
rndom walk variances.

A;otn&vu\hmthshd:ﬂd:onndumn[km:dhnhnoﬁ
cqnﬂtothatlmsmpmdlngtothemxdhnp-:ﬂdn bat B
sppreciably grester There stems to be po simple way of obtaining
#* Lthmﬁmblymmthnhgummﬂmcdmn+lathan
to unity

3. THE RANDOM WALK MODEL IN¥ DETAIL

As criginally formulated « partlole starts at sero and we ton
slder ita dlstribution of distance from the origin when it has takon
& given number of steps . It has o yrobabilty p of moving »
it distance to the right and ¢ of moving the seme distance to
the left, and p>g The datribntion of ita distsnoe after a steps
{s that of & sample of & from thix simple (binomial) discrete dixtry
bation, and Ha variance is exactly & times that of a mngle sample
{in fact this equale apg). For most forme of baste dustribution the
distribation of & wam of x i near enough Gavsdan. 8o we are led
to corsider & Gaumstan dbstribotion with varlante increasing con
tinuoualy as jta mean £ moves to the right. In fact many differont
stochastio processs seem to yleld this simple model as o limiting
oo It 1 essential that the dufferent stops, whether few or many
should be statistically independent, and It is the varmnses that
are additive and a0 proportional to the number of steps, or in
the simple limiting ease to the tims taken by the median particls
or the distance this partice has moved.

1n Fig. 3 for stmplicity only the Infiection triangles have been
drawn. For & normal curve with mean # and standard doviation
5, the base of the inflection triangle extends from £—2¢ to #4 25
the hetght yx of the vertex bs 0 48394)c

Tho trisngles in the lower half of the figu represent Gausian
curves with variances proportionel to the distanes of the mean %
from the ongm. This e the basia of the random walk model fn
'Mmhﬂkﬂwﬂdnmmhammuﬁr@g(nn
snd wpread oat relative to the poaition of the median partide
which iy earried with the stream.

Suppose the varlance o'~k whon the median partielo has
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Fig 3
The simple random walk model.
Lower half: inflection triangles for Qauselan distributions of distances of
injectod particles from the ongin Notations as in scctlon &
Top half Local denmty dyo-dilation curves. At the timo rcpresented
by cach arrow tho median particle has reached tho placo of measurement
which is bolow the arrow on tho bottom seale For tho tnangles shown
A= 0/7 4 @ and 10

moved a distanco # to tho right The figuro shows the (inflection
triangles of tho) distributions obtained when L=1 If tho abscissa
soalo is 2/L 1t ropresents all posmble cases, provided tho ordinate
scalo 18 adjustod so that tho nrea under cach curvo (in units of )
equals nnity

Theo 1nflection triangles for the carresponding dyo-dilution curves
aro shown 1n the top half The arrows give tho corresponding place
of measurement For example for unit flow f and unit rate of
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spreading ot k, for 1=4 ped The tims taken for the median
p.ﬂld.atomd:thnphnuu{mmmchp the inflection
Lrhnglaueformrmforthed!ttﬂbnrhnofﬁ]l and every possible
dpdﬂn&mmnmdingtomhmode\hnm:dcnthc
figure

Kow we conader the actual situation in the human bedy This
must differ from the model In two major respects. First, the rats
of inoresse of the varfanes of the normal exsves ha certafnly not
constant as the dye moves from s vein throogh the heart and the
lmngs to an artery The Jower boands e for lognormal fits are
almost atways considerably later than the time of njection. {In
very many ouses fad § i, where £ fs the time st the intereept of
the first inflection tangent f; fa alightly later than the so-called
appearance time which cannot be defined precisely ) The same
mst bold good for mndom walk curves. This wat also found Ly
Sheppard In relation to fits of dye-dilation curves to firt passage
time distributions.

1n fsct this does not upaet the mode] at all, provided the messure-
ments are made in an artery or s capillary

The firat particles to azrive at this place of measarement belong
to Garmian curves whose median by not far to the left, and the
last coes belong to oves with medians rather further to the nght
of the plaee of For e far at
z/k~4 in the figure the Ganmian curves that influencs the dye-
diiuton earvo rangs from those shown by the 2nd to the 6th
triangles i the figure, Le. from a=1.2 to o=32 or £iE=14
to 10.24 It is only necesanry that the variances o % ahonld incresso
ligearly between these two dstances. Wo can define the rero asx
mmnpo!ucdmfcrthhunnrmmm'l‘hamlphofdye—
ditation curves shows that in effect the rate of epreading out must
bo slower in the heart andfor lungs than near the place of measre-
ment in an artery or capiflary
Tbslecmdmnjoxdiﬁ'mmbetmthemddnndrulhyb
related to the aseumed untform rate of flow This is certainly not
renlisthe either for measorements in the ear for exsmple or in
mmnmnmmuunmmmwwe
flow sod appeal to the prinaiplo of contlnaity
\Vemnwtﬂiﬂ.ﬂtbep‘t%qa!dnthtlumthaluﬁ
mtrlcknt(hanmhﬂmmdmidcrlhamdlmm
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for tho various routes At time ¢ after [eaving the left heart these
will have reached varfous places and the volume they havo swept
out will equal Q! whero @ is the cardine output provided this s
conatant The central blood volume is in fact defined in just this
way We ean still think of a lincar flow and a variable ares of
oroas acotion  if the volumce flow ia constant and the Gausian
distributions of distance arc replaced by volume duttibutions,
everything remaine valid Moro preeisely cach amall interval of
distanco in tho bottom ecale of Fig 2 can be regarded as a real
distanee multiphed by an cqmvalent cross scotfonel arca e such
that Qe fde.

This aren could be the actual one in the aortio valvo just ontside
the left ventricle and then the distanco seale further to the right
could be regarded as standardised on this aren.

6 THE ASYMMETRY IN RELATION TO THE PLACES
OF INJECTION AND MEASUREMENT AND THE
RATE OF FLOW

If wo define the aaymmetry in terma of tho slope ratio, thix
dependa only on the parameter 2 for a random walk cunve (or @
for o lognormal onc) It ia elear from the figure that the curves
beecome moro aymmctrical as one moves to the right In the same
mubject under shnilar canditions, or in different subjeots with the
rame rato of spread & for the aame place of injection dyr-dilution
curvea obtained from ear measurementa should be more sym
meteiend than one obtained by sampling in the ascondlng aorta

Bimilarly for mensurcements in the rame placo in an artery o
capillary injeotions in a vein in an arm  the right atrium the
pulmonary artery and the left yentricle will yreld cur ca in inereaang
order of asymmetry This agrees in general with what is observed
(Dow 1055 Fpwarps and horxrr 1058 horxrr 1061)

It docs not agree when wo comparo eurves obtained on tho
pamo subjeot before and after oxereise Sinee A= fufk=2f this
must be independent of the rato of flow f if 1 is the same both
Deforo and after oxcreise So wo try redefining £ in terms of a vari
anco proportional to the time from the origin instead of to the
distance from the origin in other worda we put

o =Au (2) 1)
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hthoﬁmehhnbydmmedhnpu&demmchthu
'pl::{:)umm\.’lhml—k{ For any 0oo curve { is aseumed
10 bo eonstant -nt.hetormoﬂ_bedya—dﬂudonmhmtnﬁmcd

We now have
TN,
urfmlogmdmumtmmttoonke'
- 3)

For lirge  Table & shows that 1/{mef) i too wmalls ita ratlo to the
eorreaponding vaioe of A/s(z) i thet of 1 to Lf{mef) In this table In tho
detalled analysis (mof) ¢ Ju lrvolved, 8o thet the errve fs small when o
i iom than aboot 0.5.

Bo if the ratlo of the varlanoe of the ditance distribution of
the injected particles to the time from the (extrapolated) origin
s more ot ltss constant for one person under varymg conditions
(or powthty even for different peopls under eomparable con-
ditions), the dye-dffution eurrea will become more symmetrical
with increase in flow for the same places of inpeetion and mensure-
ment {eonatant £, incrcase in f) and they will also becoms more

from place of injection to plaee of
oreasing 2} At any rats this is qualitsttvely in the right dircetion.
A distance varianos proportionsl to & time taken rather than
2 distance travelled by the injected particles, suggesta that pulsatile
flow plays & role in aprending out the injected traoer whils it fs
paming the place of meesurament in an artery or capillary For
the normal range of pulse frequencies we coald corsider the varfance
Jmudm{bmddhnmhwlhddmu}oﬂmnfgth\ﬁa
pubse If this varianes was coostant, and if 5o other process was
contributing to rendom mixing — which of conrse In unlkely—A in
(8.1) would in fact be proportional to the pulse froquensy Perhape
this helpa to illustrate an alwtrect model physlologieally

m%m:ﬁﬂum&mgkmmm&m
1pe between Paramaters provide a simplo way of testing the
mndd.&o{nnﬂ\heuumerh!m]puhnwbemhturmno{
logoormal curres, m that (6.3) must be taed. In terms of the carding
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output @ and the equivalent arca of cross scction e, wo have
(mo-y 4= Q(Ac/R) (64)

or 1if wo put A=/TP where P is the pulse frequenoy then I hay
the dimensions of n aquaro of o length and

Pt (o) = QJ(Ae/H) (65)

This ean Do tested from curves with cardiac autputs ranging
a2 widely as pomible but obtancd under comparablo conditions

20

caraac output 0™
'S

1 1
o 100 200

Fig 4

The relationship between tho lognormal parameters m and o the pulso
frequency P and tho cardimo output @ (all given in Tablo 5) as predictet
in (6.5) according to tho random walk model for dye-dilution curves obtained
{from paticr ts at rost.

Curves obta ned from tho vegetat vo physlology laborutory Groniugen
by Dr P ton Hoor and Prof W G Zjlstra:
O Injections in the pulmonary artery
+ Injection in vena cava superior
@ Curves from the pnoumoconioars research unit Tenarth (Walcs) injeetions

in tho brochial vein (sco Cores, Pisa and TiodMas, 1903)
All meamroments in the beachial artery
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for the patients. Cn the other hand the sites of Mjection and
measmrements need not to be the same. Tho constants 4 and H
or A cammot depend on the site of injecthon and H or kb should
only vary rather alowly if et all with the placo of messurement.

Bg(nhcnthamuhjﬁwmtamﬁump.ﬂmﬁltrut_
19 of them were supplied from a Groningen (Holland) collect!
of normal ourves (withoat evidence of shunts). Some very low
;mi-umevu—yhlghurdhaoutput:wmdam)altdylnduded.

All curves fitted well to lognocmal distributions (and they wonld
fit random walk distribations equally well) the most Important
parameters are given In Table § Both (mo%)t and P} (mo) when
plotted agninst the cardlae output Q appear to lisabout s sraight
iine throngh the crigin. The correlation ha rather better when the
pulse frequency s incloded ax in (6 5) but not conclumvely wo 1)

The cardixo outputs from the random walk extrapolation were
plotted The varying differences between these and the semi log
estimates are quite typicsl.

The gap in the cardmo outputs ja neatly filled by a werles from
Perarth Walea with & different aite of injection. This was pert
of & seres obtained from pneumoconiosts patients. They breathed
oxypen and axr alternately first at rest and then during exerclse.
Only the series from the patients who firat breathed afr ot rest
is mefuded This fitted the linear relationahip convincingly In
Fig 4 the units have been redoced to centimeters and seconds
#ince the time parameters of the dye-ditution curves are in seconds
0.8 kog ({—ts) i normally distributed with median m and varlance
ot 00 that m iy in seconds and o? &y dimensloaless. The slope corre-
sporeds to 1/dy H and hay therrfore the dimensions of a reciprocal
of & volume

The same analysis was tried on curves obtaiped from & mneh
Jarger serics of patients st rest in the cardlovascular research unit,
Hammersmith Mvﬂhhkﬁmhlhamunm
and measurements in (just outadde) the Jobe of an ear (Tmoxas
elal 1065). Th points shown in Fig. 5 Lie about the same straight
Une bat with & much wider scatter Purthakr[uturdimcutgnu
the polats are well helow the line bt tho overall averags-of

) Un‘fﬂd)hh(:qwdkﬂndd(mhwdwoﬂ[u&-hﬂ

"’"W-ham\hﬁvv-_ydnvd,.dhk o
be slighuly Righer mmhumhruu-nm.nm':




TanLa 5§
Lognormal paramoters for dye-dllution curves from Penarth and Groningen

o8 in Fig 4
ts (800) lower bound
m (800} o moan and standard doviation of log. {t—te)
P (min 1) pulss frequoncy
Q1 Qe (I/min) cardine outputs, somilog and rendom walk
Tho numbers corrmspond to differont patients ourves with the sme
numbsers wers obtalned at ono sitting
Penarth curces
Injections tn the left brackeal vetn about 20 em prosvmal (o the elbow  mearure
menis n ths loft brackial artery The patients st wpright.

No to m o P (man)+ Qu Qe
iy 1318 834 0.529 08 0684 434 445

1b 1058 10 40 0.388 cs 01788 381 418
2a 1019 1070 0.378 72 0810 5178 6.36

2b 1210 10.21 0430 78 0714 560 5.80
3a 0 &0 1218 0399 28 0718 438 438
3b B o9 12 30 0.375 ] 017587 413 421
4a 10 03 1160 0387 81 0.821 3102 .9

Sa 18.57 10.28 0.301 63 0709 572 5.85
5b 16 60 1170 0.312 87 0%18 5.38 568

Gromingen curoes

8a and 8b nfections 1n the mght lejt pulmonary artery respectindy 5518
the vena cava supertor all others (n the sem of pulmonary artery Alesuremenis
1n the brackdal artery wo 1 left, all the others mght. The patrents lay Aot

P (mont Qu O

No ts m a
1s 707 838 0502 51 0584 a7 28
1b 640 10 74 0438 50 0 a0e 41 4.2
H 6.51 1048 08526 78 0887 20 33
2 4.52 478 0353 85 1208 T4 74
1Y 397 486 0329 75 1377 79 84
4a 2 86 6.21 0.267 71 1.504 8,7 9.2
4b 373 576 0.271 69 1538 8.5 90
40 203 662 0.257 66 1514 a6 a1
5 063 620 0253 73 L9l o5 00
5b 1.53 051 0384 75 1482 LK 98
[ 605 408 0518 a2 0880 76 82
éb 430 580  0.565 80 0730 61 6.3
6 132 410 0436 121 1148 6.8 73
7a 572 520 040 III 0901 70 71
7b 650 470 0533 6 o088 70 71
70 6.32 500 0480 114 0831 78 8.2
Sa 412 700 0203 8 1274 e0 73
8b 378 188 0398 84 1038 60 717
an 283 588 0404 868  1.988 60 8.6
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As o, 4, showing the smoe line throogh the arigh.
Curers obtatned at the cerdiovasrular resewrch wnit, Hemrnarsmith,
London, by Dr L. T Gabs, Dr J P Shilingford and Dr AL Thoross. The
putsots Jay flay with their feet oping 20° dowmwarde. Injections in the

Yeos cavR supaar Host to the right atrfum, messoreoests in the lobe
of sn ear

Tha petients ralesd their fest after 2 or 3 curves had been made; aly
1hose made befors the ehangs in position &rw nctoded, 75 curves from 32 sety.

Tog ordinate-log abecisms, which sllows for increasing scxtter farther
{rom the orlgin ~ ts almost the sums ws the log of the slope in Fig. 4
The correlation was slightly better—and significantly so—with
Pt incloded than without

In interpreting curves obtained during or efter exercee, or
following a change in posture when lying down, or when breathing
oxygen additional fastors ars lnvolved. AR these analyses will be
dieussed in ancther paper

The remults from patients &4 rext provide » wrong prima facis
caze mupporting & rendom walk interpretation of dys dilotlon
curves. In the remainder of the paper we shall comslder some
mupeising wonseqoenoces of this



Tante §
Lognormal parameters for dyo-dilutfon curves from Penarth and Groningen
as in Fig 4
s {8cc) lower Lound 8
m (800} o mean and standard deslation of log, (t—t)
P (min 1) pulso froquoncy
@t Qrx {Ifmin) cardias outputs, semilog snd random walk extrapolationa,
The numbers eorrespond to different patients  curves with the sems
numbers wore obtalned at ono miting
Penarth curres
Infections in the left bracheal vein about 20 em promimal to the elbow  measwre-
ments 1n the loft brackwal artery The patients sat wpright.

No. o m | P P (ment Qu ' Qv
1n 1318 8.34 0590 .11} 0 054 4.3 445

1b 10.58 10 49 0388 60 0798 3.81 4.8
o 10 19 1070 0378 T 0810 5.78 038

«b 1219 10.21 0439 78 0714 560 500
Ja p.80 1218 0.380 80 0718 438 438
3b 809 1239 0.375 80 0787 413 421

4 1003 11 88 0.357 Bl 0821 30 30
Ba 18.5 10128 01391 83 01799 572 508
5b 10 00 1170 0312 87 09018 838 5.68

Groningen curres
Ba and 86 1njections tn the right left pulmonary artery respectively 5b 18
the vena earn sxperior all others in the stem of pulmonary artery Meassremenks
in the bracheal artery no 1 left, all the others right The patients lay fot.

P (moy Qu O

No lo m I
la 707 8.38 0.592 51 0.584 a7 38
1 040 10 74 0438 50 0800 41 43
2 6 51 10 48 0.526 78 0.587 29 33
da 482 478 0.35 88 1.208 74 T4
b 307 488 0.329 75 1377 7 8.4
4a 288 0.21 0.207 71 1.804 8.7 X}
4b I 5176 071 (14 1.538 8.5 20
40 203 [.X:24 0.257 88 1.514 88 91
Bn 006y 8.20 0253 73 1.581 0s 100
8b 1.83 8.51 0.204 78 1482 28 9.8
aa 605 498 0.516 82 0800 78 82
6b 430 589 0.588 20 01730 6.1 [ %]
6o 4.32 410 0428 121 1148 68 73
8 5172 5.28 0 440 11 0901 70 71
b a.58 478 0.533 83 0858 70 71
To 8.3 500 0 480 114 0931 7.8 B
8a 412 700 0.293 83 1.274 80 73
8b 378 88 0.308 84 1038 o0 77

88 1.288 6o 6o

80 4.83 588 044
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Unmmﬂaunlythnﬁrnminh(uwtdduvdbyshrppud)
wo armive at s distribution simply related to (71) the number
ﬁnturkh:gdurhxgthenmnﬁmelntmdltol+dl,rhhhn
writo yu () & B in fact given by

¥1a (0= 291 (ela 0 12

1€ the rate of spreading out i small wo thay ¢ is seldom very
different from g, theso two dhstritutions are neasly the same. This
agrees with comumon sense fn that oase fow particlea change places.
But in general the two distributims will be constderably different.

The keal density distribution too fs different from (7.1). Foe
a flow | acroes an sres of cross scetlon A, the conoentration ut
the point of measurement—is. M » cmall interval of length st
this point in the direction of flow is (se0 Appendix A) equal to
yifA (o B, A1) wed we bave

w-i(‘;’ﬂ * ((EN

Bo the net rata of movement to the right is wot equal to the loml
contentration times the volume flow A, except at the instant
when the median particle of tracer fs ot the place of messrement,
The formuls for the cardiso output fortumately remains eocreet,
provided the dye-dilution curvs is in fact the record of the local
cooeentration My,/fd, ss a functlon of time (Al is the mass in
fected) Tha cardins outgt @ equaly by defintiton the volume flow
fAs and 1t i caay to show (see Appendix A and O) that g, s s
eobability function of t so that it follows that the observed area
of the complets cmrve
.
A-I-bkdl-%l- ()

Wo ahall now reoxsmine the detalled derivation of the formula
@ for the central blood volume.

8. THECENTRALBLOOD VOLUME IN TRERANDONM
WALK MODEL
Thmh-dlﬂm}tyhdeﬁnms\,hhmmﬂthudtadbath

hkdhnlndmmtmpeﬂ]-hnnLInlhonndom
modc)thhmmbedmn\nmm.oﬁhamdhnpuudeth:-‘t



104 M . WINR

7 WHAT IS MEANT BY A DISTRIBUTION OF
PASSAGE TIMES?!t

Most surprisingly it proves diffioult to answor this question
Wo can write down the proportion of injeoted particles that are
boyond tho place of measurement at timo ¢ and deduco its rate of
Increaso With the notation of tho provious scotion this comes to

wr-o(@) 100+ (e -u(iet) o
(this is proved in Appondix A)

In other words (for a unit number or mass of injected particles)
there aro ye (¢) dt moro particles boyond tho placo of micasurement
—(at distanoo uf A=pf/L) at timo t+dt than at time ¢ Bat this
is not tho number of particlos with passago times between ¢ and
¢+dt It Is tho differonco botwoen tho number of partioles crossing
from left to mght and the number crosming from right to left. If
wo oonsider that the particles have no individuality and wo rank
thom from left to right we can define o passage time distribution
for porcentiles (Le tho time taken by og the J3/th partlels In
ranking order if Al particles are injosted irrespeotive of which
particlo this is) Then every particlo will bo counted onee and the
probability distnbution of tho passsgo times of the porcentlles
is givon by (71}

In a completoly different situstion tho rolatod ilea of pereentilo pafring
waa introducod This was a longitudinal study of a group of coal miners
(Wi and OLDmAM, 1063} Somo of tho respired dust was retained in their
lungs and this gradually produced changes on their chest \ roys, Tho amount
of this X ray al Nty {elmplo [ {oals} could anly bo categoried
into coarso groups, whilst it was known to vary continuowsly The froquency
distribution of these coorso groups was known for tho samo miners at two
pol.nuinﬂ.mn -npuntodby:ymn.'l‘holumw for cach porventilo for
tho two of al lity wns osloulatod. This
yiolded much more information than that of tho changoe for m,eh indlvidual
minor The chango t the two distributions—by flo pairing—
is {tsoll 8 complets distribution which woulkd bo exactly corroot if every
individusl stayod in the samo position in rn.nkod ordcr of abnormality
His actual amount of ab Nty genorally logoun to the
Mwmovadbynparﬂouhrinjmtcdpuﬂnkfnthobloodm
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Wnnhnﬂgnmkmdwmtcmwitbomink&mdmmddbm
many dﬂmtpthnylbctmthm“’amnddﬂthupuﬁn{u
that are fn the systam wt time {=0 Then we comider all the
particles that leave the aystem st times between ¢ and £ 4dt
Mp-rﬂdumtbcnc,hn{ﬁcd;md.hgtethutfcmthcytwk
1o get through the system which wo ehall call . Then O {ty) 8f4
of them took thmes between ty and f+dty, where O (1) 3 ansumed
o ba the observed dye-dilutlon eurve and ta (total) ares is 4
If this thoe /, wus greater than ¢ they wers in the system at $=0
f it waa less they wers not then in the system.

The next step i to writs down the rate at which thess particles
lears the system. If Q W the rate of {volume) flow this is

QU ity) dy/A (87)

50 the tots] voloms of the particles having these tramsit times,
that were In the system at time (=0 i

v [ S a4, e, (53

Bo the total volums is obtained by Integrating this over all values
of ty, which vhows that this equals G%,. This b the scoepted prouf,

In the random walk model, ths question at once arises—which
passage time do we takel The proportion O (1) d4,f 4 mast induds
particles that have arrived at the exit of the system for the second
tims or more. Bat if the time taken to get through the system to
the exit for the first time ¢, Is less than the time ¢ st which they
leave the eyxtem they would have been cutside §t—to the lefy
(ﬂththcmnmlbno{ﬂnvﬁomkﬁmﬂghtubﬁg 3} of the
place of injection—at £w0 yot &y could atill ba greater than ¢
Hmﬁﬁwﬁmfuhmhnt,ihaywmmh]y
within the system at =0

I the first pasage time is the eriterion, pertiole In the
Mmdvdmhmudmnndwvoﬂl;emh
the volame Sow becomes Qs (1) diy. From the definitlon of flow
thhhnﬂlmectunmnnnmoflnvtngthelmm we A
mbngﬂdtdlngmhnndoctndpopummn!p-rﬂda&um

t the entrance et ¢~0 us iy (1.3) bntvdthsen’hh:pm‘pomm:
ofnuth-p-nkluthnmnthcem-tﬁmsr
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injocted Wo can consider tho timo fr, that this particle takes to
reach the right atrium Then wo havo to consider all other sites
in tho blood with tho same arrival times #n Tho central volume
munt meludo the volume of blood between all theao sites and the
right atrium It also includes of course the volumo of the right
and the left heart and the lung enpillarier about which thero i
no diffioulty On leaving tho left ventricle this median particke
takes a further time fym to reach tho sito of measurement, and the
contral volumo must include all other places in the clreulation
which san bo reached by median partleles in timo ¢y or less from
lenving tho Ieft ventricle

There is no difficulty if injeotion is just outside the right atrium
and the measurements aro in the ascending norta DBut in fact
it is gonerally agreed that tho central volumo must bo defined in
this way For tho random walk model the conocpt of a medisn
particlo is eascntial We reeall that it changes ite identity alwmys
suoh that half tho particles moving nlong the same route havo
travelled further (from the left heart or will teavol further to reach
the right heart as tho onso may bo) and tho other half have
travelled lems for

The resulta for uniform flow along a tubo of constant croxd
reotion aro consistont with this. Tho mean rato @ at which particles
cross a surfaco of aron 4, at right angles to the directfon of flow
is certainly cqual to f4, and the volume between the Injection
and measurcment sites 1 in cxactly

T mdofmfdepe=~Qn (81)

It is oqually clear that this in not equal to QF whero 7 b the
statlstical mean of the dyo-dilution eurve regarded as o probabllity
distribution This mean 7 (Appendix O) oguals g (1+1/4) for local
random walk curvea, for typical valuca of 4 it i thereforo botween
5 % and 25 % greater than tho passagoe timo of tho median particle
along such a tubo

Tho general proof by Mrrsr and ZIERLER (1054) (sco ale
ZIERLER, 1002) that tho central blood volumo equals QF is certainly
correct on tho assumptions they have given Yet this proof must
apply to flow in & uniform tubo as woll as to the complex aystem
in tho human body Bo wo shall reexamino this proof and oconshler
which basio assumptions break down for the random walk model.
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mﬁdﬁtﬁo{h}oetbnmdwmgthammpmhbly
mars skew than most of those we have exumined an sverage valoe
of o round abaut 0 4 (or 1~6) Is quite ressouable, A 13 %, excrss
in the blood Yolume asmmed to be ~qual to QF could esxily b
abott the same a4 the ratio of the two expresions for the central
blood volume.

AFPEXDIX A

THE TWO RAXDOM WALX DISTRIBUTIONS WITH
XO RESTRICTIOX TO FIRST PASSAGES

Buppose that & unit mam of particles is inpeeted at the ongin.
The particles are carned with a stream and move (say) to the right.
At time g fter injection the median particls haa travelled o
distanes fgz.

We ooradder what is happening at this point. At time 1 the
medisn partide B at ft and the other particles are distributed
normally atound this distance with varlances Lfi.

Then the proportion of particles that have passed the fixed
point at tms { b given by

1 = w1
F‘(’>I‘f1)---;-=3§“’1 bflcp-—mdz. (a.3)
Putting (k)= X
1 =
T (a2

me(hhnnndcdmthetdnﬁelt'hkhwﬁc!u
lhcﬁx:dpohtl[odputidnntmhhu&mmgetﬁngfurz:
fmmtbepuh:toﬂnkcthmbutmwmhtﬁ\rm}ng Thb net

r=te is given by
3P
Tk ) exp - [E2R

“{:‘M‘:;‘Iﬁ/f ylelds Eq (11)
tootentration in this one-dimenslonal
bo  linear denslty Bo wo n model maxt

(4.3)
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It follows that tho volumo of particlos in tho system a (=0
with first passage times botweon &, and t,-+dly Is

4
r:fo {Qy1a (tp) At} dt = Qlryna (1) (84)

Integrating this over nll possiblo first pansage times gives the
volume of the system
Tw=Qn (85)

sinoe the mean of the first passago distribution is s (Appendix C).
This scoms to follow oqually if wo have to regard the spreading
out as beginning ot o later instant than tho moment of injeetion.
In other words, the abovo arguments aro oqually valid for » median
transit timo equal to g+t as discusacd in scotion &
Tho conolusion is then that tho oentral blood volume is over
ostimated tho mean of the local random walk ourve (as for the

uniform tubo) ia
wmn(143) 39

so thnt tho usual formuln overcstimntes tho volumo Qu by an
amount Qu/.

For o typical value of tho lognormal standard doviation of 04
A=6 then tho difforonco would bo about 15 % Tho randont walk
paramoter s corresponds approximately to tho loguormal m, 8
wo havo scen the poroentago differonoo botween fo+s and fo-+Fs
would bo abont 10 % Tho actual difforenco obtained from log
normal approximations, varies botweon 8 % and 10 % in most cascs.

BOILANT et @l (1050) hnve mado n dircet comparison They doter-
minod tho aotual volumo of bloed in tho heart and tho lungs by
Iabolling rod oolls with $1Cr Tho volnmo caloulated from the dye-
dilation curves in the usual wny on tho averngo for 22 dogs, was
1 12 times that of the actual blood volumes KoRwxer (1062) suggests
that this woa booauso thero would bo a lower hacmatoerit ratio
in the smaller pulmonary blood vessols Also the mean passago
times obtalned from semi log oxtrapolations may not bo quite
roliable But a sunplor oxplanation is tho use of tho usual formula
for the blood volume TInjootions were just at the cntranco to the
right atrium and measurements in tho ssconding aorta. With these
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cenh-llmuuflnjccthmandmemmt,ﬂwcurmmpmbab}y
more skw than most of thows wo have examined an average valne
ufuruund-buutﬁl(o\‘l-ﬂ)hquﬂemble.Al!Y oxcens
{n the blood volome asvamed to be equal to @f conld esdly be
abont the sarne as the ratfo of the two expresdons for the central
blood volume

AFPEXDIX A

THE TWO RANDOM WALK DISTRIBUTIONS WITH
NO RESTRICTIOXK TO FIRST PASSAGES

Buppose that a unit mass of particles is Injected at the origm.
The partieles ate cartied with & siream and mave (eay) to the right.
At time x after Injection the median particle has travelled a
dmtanes fp.

Wo consider what is happening st thw poini. At time ! the
median pariile i at fi apd the other partides are distrituted
pormally around this distance with yardance Ht

Then the proportion of particles that have passed the Arxed
polnt st tims ¢ Is grven by

1 =
H‘>/F)'mb[le’1)*ﬁ;ﬁd-l (A1)
Patting =f(Lft) = X
1 -
P-E%up—‘m (A2

methhvaundeduwlhswnh:c'hkd:pnnida
lbeﬂxd]nht)[mprtﬂuntu:blmuntmmthgfurg:

Imm!.hepohno{\n}ecthkhmm'm
rate & glren by be retzning This net

%}-lgw A 4t4) exp ~ [U—pR

Pmrl;?,:e:llpl’t yiclds Bq (71).

concentration hthhm—dimmlmudd,
Lo & linear density Bonrrqn]:otbe[!uwﬁmufpuﬁd:,u::
this inetant of time at distances between £w=fx and T=fgtdr

(A.3)
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(Bineo the ronning variablo has Leen changed to X wo can we
z for o partioular distanco without confusion) Restoring = for fg
in {A2) we have

or 1 -

E__moqj{_'(—ﬂ{:i (A4)
So tho local (linear) concentration nt distance pf that is the number
of particles per unit distance in a small regron round this place of
measurement I8 per unit mass injeoted equal to —dPJOx at z=xf
Again putting de=(fu)/k this reduces to

g B @ ol w0

ATPERDIX B

THE MAXIMUM AND THE POINTS OF INFLECTION
OF THE LOCAL RANDOM WALK FUNCTION

The probability function is

T

If wo put tjp=tmos a=c* (A/27)

a o
y=- ;‘o" Lo (B°)
Honoo dy/dr= —yjr (}+4sinh «) (BY)

If tho modo is Tar=oxp uar thon
sinh war= —1/(23) (B4)

Further

daydr=y/e {(} + 4 sinh &)1+ § + 2 sinh % — 1 cosh 8} (B)
Tuttig }+isinhumU B

M cosht k= (U~¢)2+4t and tho oquation for the points of

infleotion reduoces to
Ui 203+ Umt+4 @7

This wna solved for particular values of 2 by Inverso interpolation.



SRAOXR DILOTIOX CURYES 1N CARDIGLOTY 201

AFTEXDIX C

THE MOMEXTS AND CUMULANXNTS OF THE THREE
RANDOM WALK FUNCTIOXS

Wenh;ﬂputv-l/pmdﬁndtbemomznuundmmuhnhufr
the nth moment of £ Is clearly 2 times the ath moment of v The
probabllity fanstiona are maltiplied by exp Z and integrated from
tm0 to oo the coefficlent of £ fal Is the ath moment The threo
moment gonerating functions are (writing geef (L/2a)t
Flrst pawsage

M (Z)~a {x hexp {31 (r+1fr)+12} dv [(o3))

Net rate of flow
a, i i !
t{Z)=af {(r +f"")etp{—~}l(r+;) +1Z}d‘r (Q.2)
Local demity

A (Z)-afr *-exp{-il(r+lr) +1Z]dr 03)

Tt follows that Af ()~ a6, (Z)Z

c4)
and Xy (Z)=} (A1 (2)+d0 (2)/AZ} o
To evaluate 14 (%) wo put t=u—? and cbtein
T Z-{1
(B =2 'L”"P(—.i‘—-}hﬂ) . ©n
Putting 1-.Zf1=n this reduces to
Zaexp—Ly f exp - {1 (x~nfayp du. an

Now putting w—~nfumcld Sygmp)-t
and we find that ® S Uy

Vo) =2 | e {TKI*‘%("’*;)‘}"' @8



*02 M. R WISH
For tho odd function on the Hght the integral vanishes, leaving
2n
MW (Z)ma exp (~An) T-o‘“"’ 09

So the cumulant gencrating function

luguum-z[l-(l-%Z)" ©10)

172 132’ 135 Z4 1357
“ItntwE omte ot m ©

From (C10) (C4) and (05) wo find that
log M, (7)——}Iog(l—%£> +1—/1(1—27§)‘ (Q.19)
-7 (1) + BGR) +R(E T

24(135 240)4_2?(13574_2409)* ©1

Ta\E e/ talw T

log M (Z)=A— 1(1—:15) 1032+log[1+(1_¥)4, 1)

a(03) 5lh - 62
B3]
UG peee 1

1367 13579 p
+E.[{_T_+‘.(n4ns —io_')} 018

The cumulants aro the coofflolonts of 7 /a! In theso oxpansions.
Tn tho gonoral coso with timo parnmotor p the nth enmulant s
u* timos this cooffloient



31,00 DILDTIK CORYEY O QANDLOLOTY 203

Aﬂthhmkdﬂvlopedﬁommﬂmoiwtuﬂ\ndngllt\mld
ks to thank Profesor W G Zglstrs Dr F ten Hoor Dr JE
Oc;cu.mdDrJPShﬂlh:g;fmdforoddhlgth:m,B Th. 3L
van Ocsten, who helped with analysing them and Professe
7 G Defares for many stimulatmg discomions.

BUMMARY

The fits to tracer dltution emves by somo mathemstical probability
warves ary discosed. Thess fits are beecd on the triangls formed by the
;mmuuh?dnuamwt\mmthrﬂwwdbmm\imh
Lqunndaandmmvhhth--mbﬂmﬁon
triangie are eompared, and lognormal end randam walk enrves Tor & Whole
meoge from bearly eymmetncal emes (aod triangles) to very skew onm.
Tablen for pumerieal soalysm of obeerved eurves in terme of adom walk
onta are given thew fncfude the height ratics (of trisngle to maximom
of exrve) and eres rathos (of trangle to dres ynder the complets curve)
oeeded far estimating cardiss cotpata

The known mode! s discossed for » Gavedan distribation of dstances
of injected particies along  Imear stream, spreading out ws they move with
the sream. It is ahown that this lesds to tw  different rodom walk dletri-

ot for tnjeetad tracer moving past the place of messrwment, i rougly
eontisat The rosaits of analysiog eurves from patients st rae with widoly
Tuyng cudis omprtt are shown {0 sgrve with thia

The ecmorpt of & distribotion of paseges thmes bas to be redefioed for

Tandom wialk model, when hodividosl parilcles are chanying pleces with
ono another The centril blood votume b redefined and derjred In terms
of the curve the owoal formada i fonnd to be nvalid for this model
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1 IXTRODUCTION

Tn haemodialyaby the problers s ane of reatoring wnd maintalning
concentrations of soveral plasms constitnents rather
than that of removing one end product of metabollun  Ideally
ut the end of & semsion all key substanoes involred abould have
plavma. concentrations Iying in & range between preset maximam
aod minimum levels. This posts stme problerss in viow of the
{mthnq:eciﬁoperme-umntuunﬂuhhhl(pemmtmn
concentration exceases (or deflcits) and peoduction rates differ for
Preseut address
) Dwpartmoent of Sargery Free University Hospital,
AL the
-13!0!&- ﬂ:mvhh\x;mu()m:m'hm TRijwilk, now on the
") Labotatery for Phywieal Chemisiry University of Luiden.
203



ot J DD DOLR EY AL

tho substances involved As far as could bo ascertained no quanti
tativo troabment of the subjeot han wo far beon givon. Tho present
is on attempt at mch o treatmont Intended to furnish a bash for
optimalization of the procedure For tho sake of simpliesty removal
of substanices nfone will bo considered tho treatment given how
ovor can also bo applied to the reatoration of normal plasma lovels
in tho caso of a concentration deflelt.

Of tho many variabies involved two cannot Do voluntarfly
ohanged o the distribution volume of any given substanee In
tho body (its spnoo ) and tho rato at which end produets of
metabolism to bo removed are produccd Those which can be
ohanged include the naturo and surfaco nrea of tho mombrone
the volumo and tho compomtion of tho flurd in the artificial kidney
and tho duration and frequonoy of dinlyms scesions

For any given substanco involved the problem 1s the following
the substanoco in question i present in tho oxtea-collular space
at a given fnitial molar plasma concontration Plasma concentrs
tron nt tho ond of a scesion f8 to lio within a rango of permisible
concentrations tho lower end of this range may or may not be
roro dopending on the substanos in queation For a given pesmes
tion rato (dopending on naturo and thickness of the dividing
membranc) mombrane surfaco arcn and counter fluld volnme
and for a given production rato and mitis! concentration in the
outaido fluid what will tho plasme concentration be at any given
timo from the begmning of dialysis?

What is tho {nfluonce of mombrane surfaoo aees and of cutskle
flud volumo as parametrio values on dialyzer performancot

2, THEORY

Consider & two-compartment system ns in Fig 1 The two
compartmonta of volume 73 and ¥y respoatively contain B
comamon solvent which posses freely through the membrano of
thickness dr and of surface aren § soparating thom A solute
which is ablo to puas through the mombrane with o apoodio permes
tlon rato D is prosent in ¥y molar concontration €y and in Vs
in molar concontratlon Oy AC=(Ci—Cy) boing positive. D 18
ssquniod to Lo a oonstant Indepondent of the concentration both
of tho permeating soluto and of any othor substances present in
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Integration yiclds AC=R o-Bt4 A|B whero K is tho integna
tlon constant as found from Loundary conditions for ¢=0
ACo=RA +A|B or K= ACo—4|B o
(CL—C1) = ACi = (4Cs~ A[Byo-84 + A[B @
Now sinco overall mass balanoo is givon by
1+ nam=nyy+na,+ol

whero n1, and n_, stand for the number of moles of soluto a4 t=0
in the respoctive compartments

Ty T1 o
0117;+c.-cl.1—;+0,+-,€;‘; )
Addition of (1) and (2) yiclds

L+t _ 1 ol ( A) a4 wh
Cl—-h— 01017;+Ca.+—l—,;+ ACo—-B 03‘+Bfmmwh

A A
Cy,Vi+ O Va+ I’[(AC~) m ]
lnlux olatet+Ta o-p) e Mty @
Vy+Va
CuVi+Cx Vot~ T (400~ %) o244
o W1+ 0, Vet —T) o~F) 0+ g @
: i+ s
It will bo scon that all variables involved enter in tho Egs. (3)
in a complicated way ond numerical ealeulation will bo noccsmry
to arrive at a solution in any given caso Moro spocifically though
tho efficloncy of a dialyzor increnscs with membrano surfaco sres

and with outside fluid volumo and decreasces with Inorease of
membrane thickness, tho rolations are far from being linear and

aro not casfly survoyable
For somo special cascs tho cquations reduoo to simpler forms
(8) O3,=0 ioc initial concontration in tho outside fluid is zeto

CroV1+ 0‘+l..[(01.— %) U“"+%:l (39)
O= Vit Vs
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c‘.V1+ef V{(Ch "B) ""'*E] {3n)
V14T

®) =0 Le. there la no forther production of the subetanse
to be removed

Ch7x+c1.r|+ Vs 40 o ™
+F

3b;
Cim @)
c,,h+0.,?,~—1'; ACy B

Or= Vitls

(D)

(6] @=0 Cz=0 aa in tho easo whers an exogenous toxk
sabetancs {s to be removed

_ Oy Vi e 71+ Vae ™
G ‘lo‘:"yl

‘1+Fn )
Culi-OuVy o8 Ti(l—e 3
G R O T T @)

Unmmcthngu—mnﬂonn&uu{umu{ihnnhﬂam-
invatved o be independ of the tlon of the others,
& twosubatance problem can be stated geaerally as follows
Thers are two substances, each with {ta own equivalent distrd
bution spsce, its own inftial petcentns] upwerd deviatton from
the noroml plasma level, ita own rats of production sod b own
specific pormeation rute

In geoeral, the pleama concentration of both will not be back
10 nocmal at the seme time, and bringing back oue to the desired
level will entall the danger of depletion of the other unless special
precsutions in the sexwe of providing for an itial non zern
concenteation in the cutddds finld, are taken. Given wpper and
Jower permisible eoncentration levels of both subetences what
should this inltial concentration be and bow kong abould the sesion
1ast How dong adter the Iddney bay been detached ahoald & second
dislyzing period be started f, for ewch sobatance, & maximom
plumlﬂrlhuhtm-etrhkhmmmbenemdgd,hcwhng
should thés sesion (and ding “rabr

} last,
-nd'huhwhmmmuwmwmm,,
sembonst
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To #olve problems of this kind Eq (3) was programmed on an
IBM 7094-1I computer !) The figures in the next acetion aro copied
from plots delivered by the computer

The permeating substances considerced in the following are ureum
and oreatinin It 18 well realized that in particular climination of
ureum is not of great importance in haemodialyss Tho combma
tion creatinin ureum was chosen to illustrate tho caso became
with theso substances wo aro on fairly safo ground as regards the
values of the distribution volumes production rtes, and specifio
permeation rates The reasoning applies however to any combma
tion of two or more substances

D values were determined in model experiments (aco Appendix)
7y and p values are taken from earlier experiments (pn Boxg, J
Aota Physiol Pharmacol Neorl 12 345-372 (1863)) Data aro
given in Tablo 1

TasLn I
D T ]
(om® aco 1) (em?) (mg seo~t)
Creatinin 035 x 104 23 x 100 0013
Uroum 0388 x 10— 48 x 100 0,578

3 COMPUTER RESULTS
31 GPMNERAL CHARACTER OF PLASMA CONCENTRATION/TIME
CURVES

Tho general ehapo of the plasma concentration ts time ourved
is shown in Figs 2-6 Dlasma conocntration deoreascs at &
diminishing rato until o minimum is reached oftor which 1t mercasct
quasi lincarly For o given mombrane surfaco area tho minimum is
reached lator and s lowor when outsido fluid volumo 18 greater
also the rato of rso after tho minimum haa beon ottained is loss.
For & given outside fluxd volume en inorcaso in mombrano arcs

1) Tho program fs avulable upon roquast
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A speoific case Be flioetrated by Fig 6 The poemal range of
inudde urvum conoentrations v arblitzarily pot at 20-80 mg/100 ml,
the inltial concentration At Koot 216 mg) 100 1} and the maximom
pomiseible concentration st 180 mgfml For the yalues given
the normal range will bs reached in 2 bows and 11 min f the
kidney is theo detsched the eritical comcentration st which it
shotld again be attached will be sttained at thme 24 b 24 mm,
Le 22 bourn and 13 mun after the end of the (frst) dialpsls session.
A semion of about 1 b 30 min will then bo snfSelent to bring the
plasma concentration back to the apper limit of the normal range
again 1f the kidney is then detached the next maintenance sesion,
of eqmal duration, must start afier an interva) of 22 h 13 min.

If I the 6t semlon, the kidney were not detached at time

h 1l min frudde (plavma) conesntration would diminlah further
and the minimmn would bo reached at time 7h 27 mln mintmum
concentration would be about 29 mg/100 mL
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32 A TWO-SUBSTANCR OASE

A two-substanco oaso ia fllustrated by the plot of Fig 7 which
shows concontrntion ra timo ourves for uroum and ereatinin, In the
plot tho ordinates have been soaled and shifted in such a way
that tho normal rangos coincide

w00

50 area  300m? x creatinin 4§ jeremom 0

volume 450kt o ureun

tmalrs)

=0

detach Prra Wrm

- - ;
. _}}LM“‘TI"Q-«T’-\ [rorma range
Q 1200 Qag 30
Fig 7

In tho plot of Fig 7 that is, for initial plasma concentrations of
300 mg/100 ml for urcum and 10 mg/100 ml for creatinin and for
tho further numoricat valucs shown tho upper limit of the normal
rongo is reached for urcum at time 2 h 87 min,

That for creatinin s reached at 0 b 14 min that is well after
tho point In time (7 h 82 min) when plasma uroum ocancentration
hias passcd fts mintmum concentration of 30 81 mg/100 ml 1f &
timo 0 h 14 min tho scsaton fs torminated urcum stays within the
normial rango for another five Jiours and six minutes Uroum i the
firat to rench the eritionl concentration at time 30 h 34 min that i
twenty-acven hours and twenty minutes after tho end of tho first
sosalon If tho first of the maintenanco scasions is started at this
moment it will havo to last for about 1 h 30 min the interval
between maintenanco scasions would bo 26 h 10 min

If the kidnoy woro not detashed st tho moment when plaama
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ereatinin reached the upper limit of the narmal range, but when
1t reached 1ts mintmym of about 0 0 mgf100 ml at time © h 5 min,
wrenm would, at tho end of the sessian, be at about 38 mg/100 ml,
and fts eritieal concentration would be reached at tipse 37 h 04 min.

In the example chosen creatinin i the eriticsl subatance 3
far a3 the duration of dialysis seasions fa oconoerned, because of
ita far grester iitla] plasma conoentration excess snd to & loseer
extent beosuse of its lower specifio permention rate urenm, whreh
first renches the upper permistible plasma concentrution becauto
of fts high ¢ valus, s eritioal with regard to the intorval between
dlalywis sessions, Depending on numsncal valoes, one sabstance
mey or may not be eritioal m both respects.

In the caso of nroum, the minimum permissible plasma conoen-
tratlon Iy probably sero In those cnses, however whete & permeating
plswma eomtitvent has a pon zeto minlmom permimible plarme
conceniration, as i the case with plasma electrolytes, initial pon
1670 outside concentrations of one of mote of them will, in general,
be indicated.

Again for ureum (and ereatinin) the production rate i independent
of the plasma coptentrutlon this it pot 80 for all substances
{nvolyed. A quantitative treatment of thess and similar questions
will be given fn » separate paper

3.3. INFLUEXOL OF EMBRANE THICKNESS (OR MATERIAL)
MEMPRAYE AAEA, AKD YLUID VOLUME OY THE PERTOENANCE
OF & DLALYZFE

The way in which membrane surface ares and cutmde flmd
wolime determine dialyzer performanco bs shown, sgaln for nream
nd for creatinin, in Figs. 8 and 9

The-srbltrury-criterium nwed was whether for s given Initlal
plasma concentration and for a given combination of membrane
surface ares and Wdrey flald yolume the substance in question
wn}imthemwof:dhlyd‘monoﬂndﬂerm!nnadmtbu,
nl-\\n-&\heuppnhm}cofthemlmm For cach of the
lnm:lphrmsmncmtnﬂomh:dhudtbommthomhﬂmum
area mhmmmbhnmmﬂdentwmthhmm
unbemldelfﬂnuﬂtrhniltheu(dnmio{bbehighm
valne within & given time
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¥g 9

Current hacmodialyzors havo fluid volumes up to 400 1 and
membrano arcas up to 26 m? of courmo largo fluid volumcs
and largo surfaoe arcan usually go hand in hand Tho plots suggest
that in attompts at further improvement of performance increaso
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of membrane surface ares would be more promicing than Increaso
of flnid volums.

An arbltrerily chosen rical le Ik tes the general
pictire. A 250 1 kidney can get plasms urewn concentration
down to high normal from 380 mg/100 ml i membrans ares s
about 2} m? A 150 | kidney could not narmalire plasma urenm
eoncentration if the initial concrtration wers over 240 mg{100 ml
even for this valus, a wnrface ares of about 4 m? would be necessary
2 250 1 oue aquare meter Kdrey would perform aimilarly

The Imagined 250 1, 2} m* kidpey coukd normalize an initial
plasms areatinin concentration wp to abont 5 mgfl00 ml the
150 1, ¢ m? dialyzer vould not bring creatinin back to high pormal
if the inltlsl concentration wers over 4 mg/100 mlL

The infl of \: hick s app from & com
patieon of Fige. 0 and 10 which latter gives the area volume curves
for a halved membeane thickness As was to be expested, the
curves have shifted down ard to the left.

°
creotn joreoisqminy

\LK\M
L3

1

t

EN ; -

0

e 10

Now the .50 1 } m? kidney can normalize
creatinin level {f the
thhllmlhnotmumg]wouﬂ thelﬁol,4m'dhlymrmn
cope with initial levels of newtly 6 mg/100 m! or leas
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4 COMMENT

(n) Fq (2) gives for any timo ¢ tho total amount of tho sub-
#tanoo under considorntfon present in the two fluid compartmenta,
This equation enn bo rearranged to

()] —010— (G:—Cvz Va—ot

It followa that provided Py and g arc hnownt It Is not noosssy
to take plaama samples to dotermino plasma coneontrations during
the dinlysis seaslon thoy can bo ensily caloulated from tho outside
concontrations which ean if so desired bo determined contin
uously 1)

For Oy, ~0 tho oxpression is further simplified to

Cimlhy— @V'-l:"l{ and for Cpy=0 p=0 to

Vs
Cl"'cln'_cl'pl—
(b) Anothor rearrangement of Bq (2) ylolds

Jim V3(Cx~Cro) — ot
L~

which for tho C3,=0 ¢=0 caso is furthor aimplified to

Vi VIOI
C—01

In physiologieal exporimentation this oxpresston enn bo wned
for tho dotormination of tho apaoo of distribution of subatanced
in tho body With tho atd of tho computer it is pousiblo fo ealeulate
the pammctors D ¢ Vi from I'q (3) If at lonst 4 sucoessive
values of Oy aro known  tho asouraoy of theso enloulations increass
with the numbor of aucocssive Cy values availablo

1) In principle, plasma conoontration could also bo oakmiated from
cutrida oonaonteation with tho skl of 1q 13 n praotlon, } owover this Jeads
to inwuporablo difeultica.
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SUMMARY

procedires.

APPENDIX

D vatoes for uream and creatinin waes detertained in moded sxperfments
wrslating the Cay =0, ¢ = © sitostion, where Eq (1) rednces to the Fick
equetion

40 = oy
from which
log 40 o= log Oy — BY2.3

o2 (x sy —1g 40)
[

o o 13 0ok Ty — kg 40Y T ¥
- (P +7)

p 23 080,y ~ log 80) T Teaz
ST 4 ve)

of the model wers Lomexd clrouits throogh wibeh
fhakd eweulsted. Turt of the T ciremt consieted of  kength of callulose
tabitg (Vukmg) wTapped around the inner of 1o eoncantric eylinda;
uh-q-uhtmthcyhdmmd-?..l’v-mdvh.hphms.
‘Qﬂh&nﬂﬁmﬂ.ﬂ(ﬂrﬂn«l&lﬁwml?‘hmﬁdmp}mhaﬂw
bath at 30 + 01 W&h&tm&-&ummﬂ-mﬂhﬁt
Jaffé; for urewn the aatownalyser method whe oeed. T dotermioa T
and Ty koown amounts of ervatinin wern ntrodooed fntg
m&b&mmmﬁnmﬁﬂnﬂnwﬁnmﬁum
ocenrred,  mlter ooe marmt at which thos diffasion effects arm peghgible,
rnnirmeukululdfmthmtbnmlndﬁrwu
centration, rewpictively

The D vator found were 035 x 10~ for

ervation {5 ~ 0018 for n = §)
anl 033 » 10~ for weoe (

~0.023 for m = §).
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PROCEFDINGS OF THF MFFTING WITH THF BELGIAX
SOCIFTY FOR PHYSIOLOGY AND PHARMACOLOGY
AMSTERDAM NOVFAMBFR 5 AND ¢ 1805

Proonaue

Courtrm MuLore G W A ¥ Lm, C. A \ ELouuums andJ Boumax
Growth experiments on human enlls (T Amnlonio and Hela
cells) in fluoride containlng media ==

Gxruwaa F D, L. N Bousman and G Jasnrors, Tho actlon of the

autonomio norves on ateial contractility =
Hyrrourro-Jurkmwicz, N and A Jumxmwrcz, Cholinergic drag
tested on the mt fundus stnp m
Mxun, C vax bEr, Toumiguet shock =
Rrerveeo W J and W F 3 Tomnoin I'haso control of tho locomator
activity of tho mbbit '”
Broms vax Lysuwrn W, A hanr M L.hoxkand A M Tirexx Rels-
tiome botween bohaviour in animele and clortrion] brain actisitios $23
Sromm y Aw Lrxowan W, A hasr ¥ 11 Lorms pa Biwva snd F pB
QUARTEL, Mutual relations of specifle activitics b
Trawme H § Tut and Jw vAN pex Irra Threshold messirements
and eleotroden of tho candino pacomaker -7
Wortnuia O L and E. Marter, An analysis of problems met in tho -

therapy againat antlcholinesteraso polsoning

No abstracts rocoived of tho following papers:

HKamzx F vax and D Dx Wmp Dissaciation botween antidiuretie
and vasopromor notlvity in rat posterior pituitarices upon Incubathn

1 eilro

Eawer A M and P G Sumiix Tho oxtrn pyramidal polnt of attack of
gmawing induoing compound -
™

Sumux, T G and A Al hrear Tho rolo of lopaminergic pathws
the gnawmng syndromo of tho rat
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G W A E le Coultro Mulder U A Veldhuizen and
3 Bouman Growth experiments on hwman adls (T Ammromt
ond Hela cells) 1 finonds contmming media

Department of Phywology Umwwernty of Lelden

Hnndduhrcpurtcdtudqulmﬂhnfhmnﬂd‘udhmd
mouse fibroblasts at conctatrations ss low as 0 045 ppm (Brray
and Tauzwoon 1063). Humen plasma fleoride Is constant at &
level of 0.2 ppm (Soxorm and Amwstrots 1960) but will be
sugmented near fluoride deposits. As cefls might differ in their
sensitivity to fluoride lons, we used 1a tatro oultures of cells derived
from human Kdney (T oells) from lmman uterine oervical cartinoma
{HoLa cells) and fast growing cells derfved from human asmicn.
Qrowth curves wera dstermined by estimating the total amount of
DNA In every culture flaak. All cells wers grown in duplicate at
37" duwring 2,3 4 § 6 and 7 days in 5x 5% 18 om closed calture
flasks containing 0 1 2 4, 8 and 16 ppm of fluordde Rach flask
contsined 13 ml of enliure medinm with initially approximately
500 000 cells Hanks medium supplemented with 5 %, calf serum
and with lactalbumin, penieillin and streptomycin was used. The
medinm was changed every 48 hours. When DNA determinations
were to be made the medium was removed and the cell layer was
waahed onee with mline The ells were loosened from the glass
surfaco with » salutim of 0.25 %, trypein and centrduged. DNA
d L in dupll (T and Amalonk cella) wers made
mdmgmmmdmmumnww
solutions of parified thymus DNA. Depression of DNA synthesis
ltdjﬂrm&&umﬂalcrehrehﬂntuwutmlmhurumt%d
Lypm F (oa) 39 at2ppm ¥ (na) 8% at4pm F (na)
18% st 8ppm F (P 0001) and 23 % at 16 ppm F- (P <0 001).
This Inhibition did not differ

M&Uxﬁmrvm}uwnﬁxmmevwkofmheumgmm
Acxzusax 1884 Avrwmowr 1084 and Arwsreoxo o of., 1065)

with varions cell eultures, but differ from thoss of Brasy
TruLwooD (19463). ¥ =
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E D Gorlings L N Bouman and G Jambroos The
action of the aulonomio nerves on atrial contrachity

Department of Physnology Umveraily of Amsterdam

Wo have shown proviously that stimulation of tho vagal nerves
has no dircot influcnco on tho isovolumotrio contractility of the
vontrioles of tho isolated rabbit heart if tho frequency of the
hoart 18 kopt constant by eleotrical proing of tho right ventricke
(GERLINGS el al 1065) Stimulation of tho right aoccolorntor nerve
however causcs o marked augmentation of the contrnotility of both
vontriclos.

In order to investigato whother tho contractity of tho atrm B8
changed dirootly by the action of the autonomio nerves o tho
wolated rotrogradoly porfused rabbit hoart the atrinl contractillty
was mensured isovolumetrically by introdusing o rubber Dballoon
into the cavity of tho left atrium vin a small incision 1 tho apex
of the loft vontricle Tho balloon waa filled with water untdl 8
dinstolic prossuro of & cm HiO was reached and thien connested
to an Eloma prossuro transduoer

A socond Dalloon was introducod into the cavity of tho nght
vontricle In the spontancously boating heart atimulation of both
vagal nervos cansed a marked deoroaso in botly atrinl and ventrioular
conteactility If however tho cardino froquenoy wos kopt constant
 deoroaso 1 contractility was obsorved only in tho atrium

On tho other hand stumulation of tho right acoolcrntor nerved
caused n marked increaso in tho mamimum systolio proseure in both
atriwn and vontriclo Even when tho heart waa drivon at much & hugh
froquency that no further inoreaso In froquonoy ocourred during
socolorator stimulation a pomtivo Inotropio offcot of tho acoclerator
nervos on both atrial and vontricular myoocardium Waa still present

Froquontly wo obsarved that tho increaso in atrial contraotildy
was prooeded by & tronmont docroase This negativo offect w88
complotely abolished by adding atropine sulphato (3 ug/ml) to the
perfusion flurd  This observation supports tho asmumption of
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n the scoe-
Huxovié (1859) thst cholmergio fibres aro present
lenstor nerves of tho Tabbit which arc responsible for this in
hib effect.
F“:u{mupdmtnlmhl“hnmchrdthomduﬂm
that s direct antagonfstis eotion of the pars and orthosympathetlo
mmtbohnnﬂhm}ypruvﬂththe-ﬂ-hlporﬂmoﬂhahun,
whereas solely the orthosympathetie perves infinenes dircetly
ventricaler contractility

REFEREKCES
Quaureos, E. D Lo & Bovwaw G Jaxsrors and P A. Bopsrexes,

Acta Thymol. Pharroscol. Meerl. (In tha prees).
Hoxovs, 6., Beit. § Pharmecol Chemothersp. 143 372 (1939},

N Hyppolito Jurklewiox snd A Jurklewler Ohdixerpc
drugs fested on the rd [uadws ginp

Dept o] Pharmacology Unitersdy of Ayfmagen

Cumulstive dose-resp eurves obtained with cholinerglo drugs
on the rst fundus stnp serm to be the resultant of two different
d curves and th two different components in the

action of thess druge. Analysis by means of anticholnergio drugs
rbowed that both components in the wotlon oan be blocked The
teo P in the d carve howeser behaved
difierently  The antagoniem of the firt component of tho eurve
manifested itaelf a2 & dexdme in the slope, whil~ tn the recond
component of the curve a paralle] shift was foand. The amumption
was made that the first component might be the resnlt of some
indireet (e Lberstion of serotoaine ot ecetylecholine) the setond
component of & direct {muscarinio} action. This asemption was
Yt 10 8 namber of tests which were diseussed.

C van dor M er Towmugue shock

Pharmacolopeal Labarstory Uwivermty of Amsterdam
Tourniquet shoek in rats fa characterized by & los of about

Dmiﬂujdhwl}mhhd}t@mdminhh(&llfnbkndmam

65-73 mm Hg Bhur(lyl:vdn‘v:dahnlceondfl“lnhloodm

i (cm\dumpnhdbymhythmhnndm&mlhmhr
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to thoso found In K intoxioation Plasma K riscs steadily to reach
values of 10-13 meqfl just beforo death While 100 % of non-
deflelent rats dic within 4-6 i h<leficicnt rats sliow & 30%%th
aurvival

Fluid loss and jmtlal fall 1 blood pressure aro not primary
causcs of death mnce surnival rato 18 not correlated with magml
tudo of fluid los3 fluid loss and mitial fall in blood preseuro are
dentical m K-d~ficient rats (30 %, survival) and in non-deficent
rats (0 % survival) dohydration aud reduction of blood preseure
in normal rata to levels identical to thoso found in tourniguet sbock
docs not causo o comparnble mortality

Tho following scquenoce of ovents leads to death Tho tourniquets
cause anoxin of tho hindlegs, followed by eaplilary damage vaso-
cilatation and ncorosis of the tissucs Capillary damago causes
fluid loss and haemoconcontration Flnid loss and vasadilatation
causo the imtial fall in blood pressuro The nocrotio muscles releas
h and tako up No Hacmoconcentration and reduced blood
preasure inhibit renal exorotion of tho oxcess ko plaama h rmcs
whilo plasma-Na falls "This fonio imbalanco causes functional heart
damago Jeading to the torminal fall in blood pressuro and to
roapirntory standstill at about 30 nun Mg

W J Riotveld nnd W R M Tordoir Phast control of the
locomotor achitaity of the rabbit

DPaychophysiology Dirimon Department of Physiology Umweraily of
Leyden

Tn tho courao of an investigation into the mfluence of illamination
on cireadinn notivity thvthms the offect of fllumination upon the
locomotor activity of the mbbit was studied

Threo varlablns wero investigated o light-dark ratio light
intenmty level and twilight duration

It was found that under conditiona of natural flfummation the
animals oxhiibit one activity ponk at dawn and another one at duk,
supncimposed upon a basio activity Undor constant artifioal
fllumination this basio aotivity is highest during tho night and
lowest during the daytimo hours Experimenta in which tho hght
dork ratlo was varied showed that tho moment of light-off Is the

principal Zeitgeber
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It was also found that the dusk aetivity peaks depend on the
mmmhiwnmmlynemmmﬁmwu{mmmﬂonlm\
ehhtron\.h.ephunoftbebuieuﬁﬁtyoronpakhdght.

In young animals coly dewn and dusk activity peaks decreeso
with inerease of twilght daration,

Tt can bo coneluded that the most important factor in phaso
control i the moment of {ntensity deorease (dusk)

W Btorm ven Leenwen A Kamp 3 L Kok and
A M Tielen Relations between behavionr in animals and elecirieal
brain actirifies

Ingistute of Medionl Phytics T.N 0., Utrecht

By means of Schanne] radiotelemetering of the EEG In dogs
with ehronieally indwelling elestrodes i has beon possible to study
elestrioal activitiea in varicos perts of the brain in the freely
moving animal. The electrioal activities and & varbal repart of the
animal » behaviour were recorded on an tlectro-encephalograph and
on & multichannel taperttorder On the ground of certain eharso-
tenustiea of the electries! phenomens, e waveform,
location and amplitude and by virtus of relations with behavioeal
aspecty, 8 number of activitios were distingmshed which were oalled
specific aotivitiea” They are the folkwing
1 Alphs thythms in vieual cottex, with frequences of 10-J4o/seo
and smplitudes up to 600 4V oecurring at eys cosure.
Lambxda waves in visunl cortex with wave durations of 1/5-1/7
#cc amplitodes up to 800 gV mono- and biphare aseociated
whheyemvmtlmads‘rhﬂedmdogh“b&hgvhh
interest” in bright light
Bcurhyﬂmnlnvhmlmnexwhhfnqnmdaufwo/kc.
amplitudes up to 300 pV whilo the dog has jts eyes
open In bright light but $ not “looking with interest”
Deta thythms in cetosylrian coetex with frequencies of %0
¢face, amplitudes up to 200 wt occm'rh:gwhﬂalbo.n.hndﬁ
‘Icking vucantly”
Thﬂnrhy\hmlnhlp[mmpm with frequencies

of 5-7 cfaee,
ampiitodes up 10 300 4T oocring whil .4
to s goal” or Is ‘tense” °© the dog is “walkisg
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to thoeo found 1 K intoxisntion Plasma K riscs steadfly to roech
values of 10-13 meq/l fust boforo death Whilo 100 % of non
defloient rata dlo within 4-6h K-doficlent rats show o 39 ¢ 24k
survival

Flud loas and initial fall 1n blood pressuro aro not primary
cauncs of death mmnos survival rate is not corrolatod with magnl
tudo of fluid loas flmd loss and mitial fall 1n blood prossuro are
wdontical in K-doflolont rats (39 %, survival) and in non-defiesent
rats (0 % survival) dchydration and reduction of blood pressurs
in normal rata to fovols dontical to thoso found in tourniquot shoek
does not cnuso a comparable mortality

Tho following sequonce of events leads to death Tho tourniquots
causo anoxia of tho hindlegs followed by capillary damago vaso-
dilatation and nocroms of tho tissues Capillary damago causes
fluid loas and haomoconcontration. Fluld loss and vesodilatstion
cause tho initial fall in blood preseuro The noerotio musclos reloass
K snd take up Na Haomoconcontrution and roduced blood
pressuro inhibit renal exarotion of the cxcess K, plasma K risos
while plasmn-Na falls This ionfo Imbalance causes functional heart
damage leading to tho tormmnal fall in blood pressure and to
rospiratory standstill at about 30 mm Hg

W J Riotvold and W E M Tordolr Phass coniral of the
locomolor actioty of the rabbit

Paychophysiology Divinon Department of Phynology Umivernfy of
Leyden

In the courso of an investigation into the influence of illumination
on circadian actrvity rhythms tho offeot of illumination upon the
locomotor activity of tho rabblt was studied

Throo variables woro invostigated s light-dark ratlo light
intensity lovel and twilight duration

It wos found that under conditions of natursl flummation tho
animals oxhibit ono activity peak at dawn and another one at dusk
superimposed npon & haslo activity Undor constont artiflois!
filumnation this busic activity is highost during the night and
lowost during the daytimo hours. Experimonta in which tho light~
dark ratio was varisd showod that tho momont of light-off is the

princlpal Zeitgobor
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Itmnlw{mdmtthadmkwﬁvﬂypuhdepmdoutho
dawn pesks. There was DO sYwt tio infl of lomination level
dtheronthaphwofthabuiu-cﬂvﬂyormpukhdght

In young snimals only dawn and dusk activity poais decreaso
with nereass of twilight duration.

It can be condduded that the moet important factor in phaso
comtrol i the moment of intensity decrease (duak)

W Btorm van Loouwen A hamp M L Kok and
A 3 Tielen RBeathions befceen behanowr in amimals ond electnical
brams edinties

Institute of Medical Phyncs T.A.O  Utrecht

By mrans of Schannel rudiotelemetering of the EEG in dogs
with chronleslly {ndwelling elevtrodes it has been posadble to stady
efectrieal aativities in varlous parts of the brain In the freely
moving animal. The electrical sctivitiea and & verbal report of the
wnimai & behavioar were resorded on an electro halograph and
on a multichannel tapereoseder On the ground of certain charso-
terivtios of the electrical phenomens, 1.4, frequeney waveform,
locstion aod wmplituds nd by virte of relations with behavioral
aspects, & mumber of activities wero disthnguished which wero called
“specific activitis  They ars the fallowing

1

Alpha rhythms in visual eortex with frequencies of 10-140/se0
and amplitudes up to 600 AV occwrrmg at eye closure
Lambda waves in visual cortex with wave duratioos of 1/5-1/7
w6 smplitudes op to 600 4V mono- and biphasis, amociated
with eye movements mado whils the dog Is Jooking with
interest™ in bright light,

Beta thythms in vivoal cortex with frequencles of 25-35 cjaeo,
amplitudes up to 300 AV octmrring whils the dog has its eyes
open in bright light bat i not “looking with interest

Bets thytbms In cetoryivian cottox with frequencies of 20-25
¢fsec, amplitodes up to *00 x\ ooourring while the animal
“looking vmeantly™ .
s Ee;lnhthh\hhqmmpnxvhhfrvqnmduu{&7c[uc
am up to 400 4V occuing while 1| “walking
10 & goal or B “tense™ he dog

A
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to those found 1n K mtoxication Plasma h riscs steadily to reach
values of 10-13 meqfl just beforo death While 100 % of noe-
defloiont rata dio within 46 i h-deflaent rata show a 30 % *h
survival

Flud loss and initinl fall in blood pressure arc not primary
onuscs of death ainoe survival rate 1s not correlated with magak
tude of flud loas fluid Joas and initinl fall in blood pressure am
identioal in K-d~ficient rata (39 9% survival) and in non-deficient
rats (0 9% survival) dehydration and reduction of blood pressurs
in normal rats to lovels identical to thoso found in tourniquet shock,
docs not cause a comparable mortality

The following scquenco of events leads to death Tho tourniquets
causo anoxia of tho hindlegs, followed by capillary damage vaso-
dilatation and neccrosis of the tissucs. Capillary damego causd
fluid loss and hacmoconcentration Fluid loas and vasodilatation
cawso the imitial fall in blood pressure Tho noorotic muscles reless
K and take up Na. Hncmoconcontration and reduced blood
pressuro inhibit ronal cxcrotion of tho oxcess Kk plasma K rixs
while plasma Na falls. This ionio imbalanco causes funotional heart
damage leading to tho tormmal fall in blood pressure and to
respiratory standstill at about 30 min Hg

W J Riotveld and W E M Tordoir Phase control of the
locomotor aciitrty of the rabbu

Paychophysiology Divison Department of Physiology Unmrersity of
Leyden

In tho conrso of an investigation 1nto the influence of Hiununation
on oircadian nothity rhythma, the effect of illumination upon the
locomotor activity of the rabbit was studied

Threo varinbles wero investigated e light-dark ratio leght
Intenmty lovel and twilight duration

It waa found that under conditions of natural illumination the
animals oxhibit ono aetivity peak at dawn and another ono at dusk
suporimposed upon a basio aotivity Undor constant artificial
illumination this basio activity is highcst during the night and
lowest during tho daytimoe hours Expeniments in which tho light
dark ratio was variod showed that the moment of hight-off i the

prineipal Zeltgober
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rhychns d{uﬁarybllbcolladdﬁthbahrhﬂhmh
nmﬁmu:wx.'lwalmndcﬂthhmhhnmmd
h}ppo«nmdthcurbythm

hhmmtd&hnt\ynmhﬁﬁmpmvﬁemlndhtmdthe
antmal ¢ diceetion of attention.

H J Th Thalen and Jw van den Berg Threshold
mearurements and dectrodes of the cardiac pacemaler

Laboratory of Medieal Phyvcs Umvernty of Gronmgen

Wo developed our first pacemaker n 1980 On account of expe-
rlences with this first specimen and new investigatlons, a new
pacemaker with new leads and electrodes has been developed since
tho epeing of 1983

IXKVESTIGATIONS

In mongrel doge (15-23 kg) & beart block was made by ligating
the bundlo of Fia (metbod after Dr Homan van de Heide}

Electrodes were placed on or n the ventricles and elsewhere in
the body (mdifferent electrode) The lcads perforat~d the dogs
skin pear the neck snd were conneeted to & paocmaker For the

mepsarements our Cardio Teet was connectod. Many electrode
combivations eould be tested this way

RESULTS (Table 1)

polar etimalat ds $n the heart, the other
somtiewhern eleo in the Lody) ghves aptimal reeutts whea the negativs
role of the pacemaker I connected to the hrart-electrode and the
rostive pole to the ndifferent electrode

» The difference between optimal monopolar stimalation and
tapolar stimulation { ~ Lot cleetrodes in the heart) is not signifieant

3 Ewryhrm-ckctmd.ehuihanmnch&rge—&rnhold regard
lest of the eholes of the indifferent eleetrodes. Thit means that o
tert m heart-tlectrode always necds the same amount of charge
to foduco a contraction of the henrtmunele,

1 M 1

{one ¢



220 NETHERLANDS BOCINTY FOR TIIYRIOLOGY AND FEABRMACOLOGY

6 TIrregular astrvitios In amypdaln with froquonecics between
10-20 ofsco nnplitudes up to 300 4V ocourring while tho anmal
18 aniffing

7 Bota rhythms in olfactory bulb at 3540 ofkco amplitades up to
800 4V ocourring when the amimal is explring through its nose

8 Thota and delta rhythms in olfastory bulb with froquencics of
6-6 and 1-3 ofsco amplitudes up to 500 uV associated with
the anmals typo of breatling

W Btorm van Toeuwon A Kamp F H Lopes ds
Silva and ¥ do Quartol Mutnal relathionsof specific aciritten

Institute of Medical Physics T A O Ultrecht

The speoifle activities ooenr during cortam typos of behaviour
This ontails that speoifio notivities do not tako placo during some
other types of behaviowr which thomsolven may liave o relation
with unother apocifio activity From this ft follown that tho

spocifio activiti  can nlso bo studird in their mutual relations,
irrespeotive of possiblo relations with belinviour It was found that
somo  spooiflo activitics often ocour and simultancously ecom
cido  whoroas others rarly teko placo at tho samo time bt

alternato  From tho matual relations ® hich havo been observed
the following are mentloned

A. Alpha rhythms 1n visnal corfez may cotncrde with alpha thythus
ocourring 1 other structures (lat geniculate Lody medial
thalamic structurce) Alpha rhythms alernate with lambds
waves, visual cortex bota rhytluns and hippocampal thets
rhythms

B Lambda twaves wn tusual corter may comerde with hippocampal
theta thythms Lambda wnves allernate with visunl cortex bets
rhythms and with amygdalar 10-20 ofsco frrogular activitier

C  Befa rhythns 1n tiaual corlex alternate wlth Inmbdas waven and
with hippocampal thota rhythms

D Irreqular 10-20 e/sec activties 15 amypala cornerde with §-7 ofe
activitics in olfactory bulb and alternate with lambda waves and
hippocampal thota rhythms.
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CONCLUSIOKS
1 The threshold fa determined by the type of the negative
electrode, The mdifferent eleetrode is only needed to complete the
eleetrical eircult.
. The threshold at a given pube-duration is determined by &
eritieal value of the current-demity at the intact heertmuscle
uvundthnnm&wmwmmhdmthhbnd,
thodepohrmﬂmofthohu:tmmnklﬂvﬂnlwiﬂ:&lvﬂm
resulting in & contraction of the heart.
The incresse of the threshold can be explained dmgly
Around the electrode connectre tissue is formed. The rosistance
rematos alomont equal, but the result ls an inorease of the distance
between the electrode and the intact hesrtmusele, The current
derisity dearcases approximately quadratie with the ineresss of the
digtanee To achievo the same ewrrent-density at the fntact heart
rauscle, moce cwrrent and thus more charge is needed, requiring
a higher voltage of the polse.

STIMULATING CIRCUIT

Comidermg these results, we developed for the Gromingen pace
maker & monopolar stimulsting cironlt with a largs stainless st~el
plats In the wall of the pacemaker as ind fferemt elecirode, making
the indifferent electrode unbreakable Because of the grest surface
the current-demsity 1s very low o that stimulation of nearby
nerves or muscles does not oceur

The heart-electrode fs connected by a lead to the pucemaker
The leod (Fig 1A) should be unbreskable, Bexible extensible well
feolated mecepted Ly the human body of the same metal as the
eleetrode t0 avoid contact potemtials and corrosion, apd should
bare o low resistanee. For our leed we took & thin platinum 50
iridium 10 ,, spiralled wire Mechanical stability fs Joved by
bedding the spiral _"lntﬂicnnrubbcr’l'nagmt
advantage of this construction 13 the eore of silicon rubber inside
the spiral Because of this core the lead cannct be fattened. After
great external defc tom the lead § distely recovers com
pletely In thh way predilection-places for breakage ary avolded,

Fmrmrhmdedrodtnmtedtukngthmlhe iral
the myocardinm and to malntain the o

h 1 stability There-
fore & U formed electrode (Fig 1B) was constructed ml{ » plat-
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TAuBN 1
Monopoler and bipolar stimulation

electrod he h
6 of the henrt in i

- +
I 1 Elmqvist/Benning (F) R-I 0.8 25 8
E~Ch 1 3 388
* Chanlack (Ch} Ch-E 0.55 1 1
Ch-1 05 1 n
3 Pin(P) o1 078 2
P-Lo 07 2 U
4 Lagorgron (Lo) Lo-P 085 258 45
oothetor To-1 078 2 n
5 Bt Qcorgo (8t G) 8t.G-1 078 2.28 b8
Bt.G-U 11 5 ji2]
8 Gronlngen clectrodo G-8tQG o065 18 183
(e 07 15 19
7 Groningen oleotrodo (Gh) -1 (3] 2 205
G0y 1 ns
8 Groningen oloctrodo (G))  GyGi 18 4 n
Q1 14 4 ns
9 Groningen clectrodo ((h) a-1 17 7 8.8
-Gy [ 7 15
10 Groningen cleotrodo (Gs)  Ge-Gy 18 3 2.8
G-I 13 2.5 8

20 combinations in 5 dogs of 10 hoart-cloctrocks and 8 indifferont clec-
trodem (I) suboutancous 4 f.om
Hoart-ob loa - 1 = unip
Hoart-sloctrodos — hoart-aleotrodos = b polar atimulation
Pulse-duration 2 msco; pulsc shapo reotanghk; frequoncy 85/min

el

4. Tho throhold vnluo dopands on tho pulsc-durstion but §of
a oottain pulse<duration it is independent of the location or the tyP°
of the Indifferont oleotrodo

& 1In long torm oxperimente Increasing thresholds are some:
timee soon but theso thresholds remaln indopondent of the n
dufferent olsotrodoe



A.J TH. THALEN and JW VAKX DEX BERG Thrashold msasurement
and ertrodes of the cardiac pocemaler
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num 00-iridium 10 9, core in the spiral Tho cleotrode b now
complotely composed of ono matal Tho ecleotrode enters mto an
Incision previously made in the myceardium After the implantation
the heartmusele regencrates through the loop of the electrode thas
fixing it 2 o natural way in tho mycocerdium (Fig 10)

O L Wolthuis and E DMootor An analyns of problems
met in the therapy against articholinesterase porsoming

Medical Biologieal Laboratory RVO-TAOQ Lange Klewreg 139
Ryswpl 211

Malo rats weigling 180-200 g of nn inbred laboratory strain were
injected with DFP (4x 8% or 10xLD5DY) no) and atropuoe
(10 mg ip) Artificial respiration was started immedintely after
injeotion Beforo mjostion of DFP the ECG heart frequency blood
pressure  rospiratory minute volume and neuromuscular funetion
during totanic stimulation (25 50 100 and °00 stim.fsco.) of the
gastroonemicus-soleus muscles and of the diaphragm wore
(control teste)

Sixty minutes after DFP injeotion a second testrun took placs
and immediately thercafter oither P28 or LiHs (Toxogonin®}
both in & doso of 100 mgfkg 1p was injested. Fiftoon minutes
nftor oximo injeotion tho tests wero repeated to establish recovery
of function Tho oxperiments woro continued by recording the
paramoters mentioned above ovory 30 minntes.

Tho results from thoso oxporimonts indicato that
1) both oximes nre highly offeotive in noting nouro:
wnhibition
2) both oximes aro less offoctive in restoring central Inhibiten
causod by DFP tho differoncos found botweon the effectivencss
of both oximes do not plead in favour of the uso of LiHs
3) frrespootive of oxime-therapy and oven If oximoes woro Teft out
complotoly heart failuro ocourred soveral hours after DFT
Injeotion tho latonoy dopending on the doso of DFP-used.
Reoont exporiments on isolated rat henrts indicato that very
likely the abavo-meontionoed offeots of DFP on the heart cannot
be influonced by atropine oither
1) LDB0 was detcrmined in atropinhiod anncathotized rate of tho mme
strain and body weight
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CONTRIBUTION OF ALVEOLAR URFACE LIKING TO
LUNG MECHANICS

AXALYNIS OF IN VIVO MEASUREMEXTS OF AIB- AND
FLUID-FILLED LUMGS

J DE BOER, L J HERMAXBY AXD C. A P BAKKERY
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CAXTHINGTION GF ALYEOLAR SURFACE LINT¥Q TO LUKQ NTCTANICE 33

. estimute of the thickness of the surface lining
m Q\Tii;\m we calenlated the time fn which thermo-
dymmheqnmbﬂmoeemedin(hnmfuellnlng

Umchnncquﬂibﬂum-hmldudﬁmrﬁmtmdmofdwmﬁm
th:gwuldnutmh-{butetothahpzaedauf\ththgrm
of air-filed inngs.

Ta check this theory excived langs of the same dogs were med
for in wairo P T messmrements with afr before and sfter the removal
of wurfsce active material by levage.

R0 1he parpose of this Investigation was two-fold

1 to alenlate the comtribmion of the surface tension of the
wurface lining to lungwork ia sire

2. to verify whether the surface lining oan contribute to the hyster
cxle of the P ¥ dlagrams.

2 MATERIAL AXD METHODS

14 Yongrel dom of agea between one and four years and weighing
from 14-18 kg were used of which the first four were nsed to
test procedures and techniques of presure and surface tension
mearrementiy,

In the dogs to bo mbfected to lang lavuge & permanent trache-
ostoms was made several days before the experiment proper In
order to obriate the need of intubation,

A Qexibin sud radlopag dohronchial tube was introdused
through this tracheostoms into the left main bronehes and kept
in position by means of un inflatable cuff

Tbetuumhhamedehbulauwmltﬂmgalﬂodng
the keft loser lobe to Le filled with air kn 80 ™l steps or to a threo-
wat system by means of wuch the tabe eould be connected erther
to & calibrated conitainer from which the lavage Auid could flow
@t the lobe o to & calibrated cylinder Into which the ol could
be spboned {ecr Fig 1)

Astavage flud of the same camalarity as dog plasma Sterofundin
(Dravn Melampgrn) at body temperatare was wped. If Dcesary
wcdat ves were mven o the dogy,

I‘rﬂmﬂm‘;hembotznmnkmmlvmdtdﬂthnsuthm
pressure transducer on & s polygreph. For all experments
|mtmdum‘ukﬂn.tthe-mlwﬂutbedm-:p1:h:
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1 INTRODUCTION

In 1020 von Necrgard showed that o large part of tho rotraetive
force of cxcised dog lungs can bo removed by degsasing them
and filling them with a gum arabie saline solution.

Bnce then several investigators performed similar experiments,
most of which were dono on exclsed lunga (Raprorp 1084 1957
MEAD ot al 1067 CLEMENTS ¢ al. 1058)

In doing so they suggested to chminato all but a small fruetion
of tho surface freo energy of theso lungs. Thoy concluded that
surfaco tenmon played & very important rolo in lung mechanier
A more recont discovery m lung mechanics concerned the surface
lining of lung alveoli with o film of lipoprotein (PaTrLr 1835
1005) The lipld fraction of this film might have the fanetion of
lowering tho surfaco tension and might contribute to the hysteresis
of lung comphianeo (Browx ¢f al. 1050 BoxpuraxT 1060 MEesD
1061) Most of tho mothods of studying surface lining wero dons
on oxtructs of excised lungs.

In our laborntory KyL8TRA (1060) and D& Boxr (1063) demon
strated an easy way of filling ono lung of an unanaesthetized dog
with an isotonio Ringer solution

Thus it wns also possiblo to mako static P V' diagrams of fud
filled lungs.

FromthostatioP 7 dingrams of air filled lungs wo have caloulated
tho P T diagrama of theso lungs if fllled with flnjd Theso calculated
P V dingrams wero compared wath the experimentally found P r
dingrams of the fluid fillod lungs.

Beoauso surfaco tenmon was neglooted i the calculations the
comparison sorved as to estmate the proseuro part of tho surfaco
tenaion to lungwork

Theso P ¥ cdiagrams howover aro o summation of lung and
thoraclo wall compliances. Therofore additional oxpeniments with
the samo but anncsthetized dogs with open thorax wero made to
soparato thess phenomena.

With the techmique mentioned it was also posmblo to mesuro
tho surfaco tonsion of the flud which could be siphoned from the
lungs A guantitatno analysis of the lipid and protein fraction of
tho surfactant was mado afterwards

From these data nnd tho goometrieal structure of the dog lang
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smhedwthmmldumbcmvnhkﬂminthaumnm
.irﬂwfhkvolumemdmmw\nedinthanmacﬂm
The difference between those volumes had to be the reidusl sl
colume st eod-nspiratory apnes at zero presore. This volume
Amﬂuﬂmwdihe;mmmdﬂuure-ﬂmmmmhglnthonh
spaces after the lavage, v 60-100 mi, dependent on the dogs
- t.

eﬁhmdawptwmpnnhlal’}’dhgnmu{nk and finid-filed
Jobee the alr and flnid residual values were assumed to be equal
Stmhlgfmmtbcreddud'ﬂmthblobamﬁmﬂﬂed‘ﬁh
air In 50 ml stepe. This was dono twice In arder to get two PV
diagramy ad was followed by the lavage procedure.

Lung lavage was discused in detail elsowhers (Dz Bors, 1083)
When lavage flaid did not eontain wir bubbles anymors the lobe
was filled in 50 ml steps up to 230 ml from the reddml volume
and then emptied again also m 50 m! steps, while preswures wers
recorded simuftantousty The alr ae well as the finid filling procedurs
each took about 50 min.

In the wey jas described P 7 dlagrams could be made of sir
and fluid filled lobes respectively

To separate lang and thoeacks wall eompliance and to Investigate
whether or not smface lining might contribute to the hysteresls
of lung the fdlowing experiments wers saddad.

In order to b tertain the lavage fin¥d residus had been com
pletely abeorbed, the air filling procedare of the sams but now
sansesthetned dogs with open thorax (2 ribe removed) wan repeated
e week later The heterolateral Jongs wers ventllated by inter
fusttent positive preeuro breathing. Then these dogs were sacrifiesd
and their left lower lobes wave excrscd. Of these excised lobes
I 1 measurements with air were made after which these lobes
wete [avaged with Sterofmndin untd &l surface active materdal
Mwmmmuumb}mmm
tension of tho eiphooed lavage fuid. In conclusion the eirfilling
procedurs was repested.

Between the f pl of the un
lnmlnmddag-mmhrwblnmhngdﬂchdm'mnt
amounts of Sterofandin,

Xnonh-rmmnmeldn-buunbammua{mrﬁmmwhkh
emhlhfmndlnthemum]\rﬂpbrrulptmafdnlm\gtholcﬂ.
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5

o

Fig 1

Dingram of lung lavage 1 cleotrically heated eontainer for lavago fluxd,
50 ml syringe 3 Groa polygrph, 4 Statham peeeruro transducer &
fl xiblo and radiopaquo cndo-bronchwil tube 8. callbroted rerenvolr

If tho lavage fluid had the same osmolanty as dog plasma a certain
amount of fluid remdue rematned 1 the loft lower lobo after tho
lavage

In order to detormuine the amount of air remaining in this Jobe
/t zoro pressuro (1 ata) tho trachea was clamped at end inspiratory
apnea of 3 anacsthotized dogs, after which a thoracotomy wad
performed a0 a8 to removo tho loft lower lobo, tho bronelus of
this lobo being clamped and the lobes volumo was measured in
o calibmted oylinder filled with Sterofundin

Then the afr from tho loboe was mlcased and the lobo was homo-
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curve wan nearly identical with the former ons (we Fly 2). Al
the P 7 disgrams of {he air filled exched lobes were practically
identlcal to each other before and after removal of surfactant
by lavags (veo Fig. 3) Each loop has a eycle of about 50 min.
20

Dog nr9 kg

ovage of W lower iobe

Vo ()

Ay fyem
29 ] ° 10 20
Fig 2
Au(o—q)Mﬂuﬁ(H)PraWdtb‘mmh&u{.

dog with lmed thorez and an afr P diagram { ) of the same lobe
of the same dog with open thorax.

¥ w (mly

Fem

Fg 1.
T dmprama o an exomed Loty
Jwes oo beforo (o—a), during (e
and afier ¢ O)Uﬂrvmmdu‘m‘tu\n‘mby"m‘ -
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lower lobo was filled with a 250 m] portion and after 15 min emptied
again in 50 ml atops assuming tho first siphoned 50 ml o come
from tho contral parts of tho lung and the last 50 ml from the
periphoral parts,

Tho rate of production of the surfactant was roughly estimated
by keoping 100 ml portians in tho lung for pedods of 2§ & and
10 mn

Of theso siphoned portions the surfaco tonsion was measared
and o quantitative analysis of the lipid and protein fraction was
mado In another serics of oxperiments tha freezo-dried materal
of 1000 ml portions was dissolved again in different amounts of
Sterofundin varying from 2§-840 ml

Then the surface tension of theso diluted portions was measured
and theso surface tension valucw wero plotted against the lipo-
protemn coneentration of the corresponding portions.

In order to find out tho total amonnt of surfactant in a dogs
loft lower lobe the lipoprotemn content of tho aiphoned lavage
fluid of the first 40 nun of lung lavago was catunated and redueed
by the production of surfactant during this time

Burfaco tension measurements wero made by a du Nony Lalanes
at 37°C4+1°C

Tho ncournay of this balanco was cheched by measaring well
known surfaco tensions of soveral substances.

The lipnd content was estimated by freczo-drymng and extracting
the dry material with chloroform methanol (Forom 1057)

Tho protein content was catimated by tho Dbiuret method
(GORNALL ¢ al. 1040)

3 RESULTS OF ENPERIMENTS

31 COMPLIANCE MDASUREMENTS OF AIR AND FLUID FILLED LETT
LOWER LOBES

All tho P V¥ diagrams of air filled lobes of unanaesthetized dogs
showed the same qualitative alterations when the lobe was
with flufd shifting of the hysteresis loop to tho left narrowing
and changing of direction of thia loop (sco Fig 2)

All the P ¥ dingrams of alr filed lobes of anacsthotized dogs
with opon thorax were different as to tho imtial part of thoe as-
ocending curve up to 150-200 m! and sfter this point tho ascending
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mg proteln
10 S Tpxd
o8 i
—_— tlme (min)

5 Dog nr® 18 kg Tzl

s “3)

t 1]

% o
Fig. 5

Approxanation of the rat of pradoction of surfactant by keeping 100 ml

partwons of lavege flaid In & dog  Jeft Jower lobs for 10 & and 2} mmn reep.

durog 1 and for 8 min alter death. Averags surface tenskan f these
portions botween braekets,

portlons werp plotted agalnst the lipoprotein concentrations of
tho corresponding diluted poctlons {see Fig 6)

&0
surioce termon (dynuk_m)
30
Lpo-grotein
concermraton (mg
40
0
)
]

20
Fiz. 6.

Burface tenuom smes e nt Potted  guinw Imoprotein-contentrat ion
of the enrmepoeuling diluted ottiona.

40
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32 BURFAOE TENSION MEASUREMENTS AND QUANTITATIVE
LIPOPROTRIN DETBRMINATIONS OF THE SITHONED LAVAGE
YLUID

The avernge ST of Sterofundin amounted to 58 dymesfom at
37 C 8T of tho siphoned Btorofundin was markedly lower than
ST of fresh Sterofundin whilo it contained considerablo amounts
of lipoprotein

Of tho 80 ml stops of tho 250 ml portions the avorago ST decreased
and the lipoprotem concentration incroased (sco Fig 4)

- firat filling i
20 »~7 7

— 3econd filling 38,7

Dog n7 17 kg -~
10

o lipid

time {min}

OO_Jb 15 16 17
Fig +

Filling of tho loft lower lobo with ~50 ml portions for 18 min and empty ing
it by 80 ml stops. Burfaco temsion of tho first filling

This docrease of ST and incroaso of lipoprotein concchtration
was found at any time oven after 4 hours of lung lavage. When
tho dog was sacrificod howover the ST of tho samples increased
to tho averago ST valuo of fresh Sterofundin whereas tho lipo
protomn conoontration decroased to about zero within 0 min
after the death (sco Fig &)

The ST and lipoproteln conoantration of the 100 ml portions
which woro kopt in tho lung for different poriods arc ahown in
Fig 5 As can bo scon tho production rate of surfactant in tho
loft lower lobo will bo about 1} mg/min.

Tho 8T of tho dissolved freczo-dried material of the 1000 ml
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Dog nr 8 15Ky 6(40")
o “3)
T =8
)
[+ =103 100
Fig. 5

Appeoxmation of the rat of productian of surfactant, by keeping 100 ml

portcn of da age flod o dog Yt lower lobe for 10 5 and 2§ mbn rowp.

dormg If and for § mm after doath. Aveesgs eurfaco temim of thewe
porthons between bracketa

portlons wers plotted against the lpoproteln concentrations of
the corresponding diluted partlons (sco Fig 6)

0
surfoce Wns.0n (dytes )
%0
o-protan
CNCORTILON (M)
40
»n

0
° 20
Fig. o
{rmvnen meanureoent plotted aguins Ipoproteln-concontrat koo
of the cocreeprodmg dintrd Potthoon,

40
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Tho averngo total amount of lipoproteln of tho smphoned lavago
fluid of the first 40 min of lung lavagoe reduced by the production
of surfactant during this time amounted to 160 mg

The standard doviation of tho ST measnroments amounted to
2 dynes/om for nw=50

Tho standard doviation of lipid and protein determnations
amounted to 05 mg/100 ml and 04 mg/100 m] reap for n=120
The within dog varlance of the ST measurcnients and lpo-
protein doterminations was very small tho letween dog van
ance was somowhat higher

4 RESULTS OF CALCULATIONS
41 CONTRIBUTION OF BURFAOE TTNBION TO LUNG WORK

Beforo calonlating P T dingrama of fluld filled left lower loles
from air filled lobes of living dogs with closed thorax somo sim
plifying assumptions had to be mado

At all lovels tho lobe has tho samo croas soction
2 During filling tho loft low or lobo with Sterofundin the horizontal
seotion increasos whilo tho height of tho lobo remams tho same.
3 The fluid filled lobo is empty as soon as tho hydrostatio pressuro
in tho lowest part of tho lobe falls below tho atmospherio
pressiro

Firat of all wo had to caleulato the ascending part of the loop
caused by filling the lobe with flmd

Let Ay, bo the height of the Iobe 4o bo tho hoight up to where
the lobo is filled with fluid 4 bo the using co-ordinato {sco Fig 7)

Fig 7
Mxi 1 of a doga loft lower lobe

At A tho hydrostatio prossure p=p g{ko—4) whero ¢ represents
the donmty of tho fluld and g tho apooifie gravity
If tho wholo lobo wero at this pressuro the volume inerense
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woud bo Vax{p). However thls I only the case with the amall
p-ﬂdb;ndhmwthevdmhmdthhpﬂbecomﬂ

AV vasme —%3 Var

The volums increass of the whole fluid-flled lobe will be found by
integrating this equation

V._.,-x‘:}"v.. E1Y

and by smbetitating dp= ~epdk snd by changing the integration
boundaries fnta p=oghs 8t Am0 and p=ogihe—kr} at h=hAyg the
integral becoes

o A mjwv L
hiaialr A d?-e?‘;;..g!.,_,y dp 1)
According to esumption 3, ¥ =0 if ke ~k<0
Fam LT
il o ®

Grafleuily this integral represents the ares beneath 7 —(p/pg)
carve between p=ggibs—hL) and p=phe for eq. (1} and between
P 0 and peoghs for eq (2) (seo Fig. 8)

A a
G by My
Gr-yhkdxﬂn-tnumuigq- (1) asd (7

Thh ares divided by Ag gives T In our dogs ke,

o lo-lbmlnmwlmurypmelnﬂuidﬁﬂcd . e

lobes depends
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Tho average total amount of lipoproteln of the siphoned lavago
fluld of tho first 40 min of lung lavago reduced by the produotion
of surfactant during tlus timo amounted to 160 mg

The standard deviation of the ST measuroments amounted to
2 dynesfom for n =350

The standard deviation of lipid and protein determinations
amounted to 05 mg/100 ml and 04 mg/100 ml resp for n=10
The within dog vardance of the §7 mensurcments and lipo-
protem determinntions was very small the ‘between dog van
anco was somowhat higher

4. RESULTS OF CALCULATIONS
41 CONTRIDUTION OF BURTACE TCKSION TO LUNG WOBK

Boforo calonlating P V dlagrama of fluid filled left lower lobes
from air filled loboa of living dogs with closed thorax eomo sim
pllfying assumptions had to bo made

At all lovels the lobo has tho pame crosa-scction
2 Durmg filling thoe loft lower lobo with Sterofundin the horizontal
scotion increnses while the height of the lobe remains the same.
3 The flind filled lobo is empty as soon as tho hydrostatio pressuro
in tho lowest part of tho lobo falls bolow the atmospherio
pressuro

First of all no had to caloulato the nscending part of the loop
caused by filling the lobo with fluid

Let Ag, bo the height of tho lobe ko be the height up to whero
tho lobo is filled with fluid & bo the using co-ordinate (sco Fig .

Fig 7
Modol of & dogs left lower lobe

At A the hydrostatic presauro p=g g{ho—A) whero g represents

tho denmty of tho fluid and g tho spocifio gravity
If the whole lobo were nt this pressure the volume inercase
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would be Fan{p) However this i ouly the caee with the wmall
pact db ard hemce the volume inereass of this pert becomes

Grm= P Tar
The volums fncreass of the whole finid fifled lobe will be found by
imtegrating this equation
o3
Ve m o § Vo &
and by eubstituting dp= —ppdh and by changing the integration

boundarles fnto p=gghe at A~0 and pwgplhe—ir) at A=ky the
integral becorses

v, L™y el Py
. P d p m.a{m dp 1)

According to samumption 3 7 =0 if he—hy <0
P S
Al B ®

Grafieally this Integral represents the ares beneath | ~(plen)
curve between p=p{hs— hr) and p—gghe for &q (Jand between
F~0 end p~egle for eq. (2) (seo Fig 8).

Gr-phhlmndmnl-q;.u)mm

Thi eree divided b Amounted
to lmlummpdi?m:quﬂﬁmkbudw
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on tho height of the flud column above or beneath tho prossaro
traneducer which loads to tho so-called shift to tho right or to the
loft respoctively Thereforo we can shift the experimontally found
ourvo of the fluid filled lobe to the origin of tho plots.

From tho P T” dingrams of air filledd lobes it was then poesible
to oaleulate tho ascending curvo of the hysterems loop of the
lobes 1f fluid filled From Fig 0 it appears that the curve docs

250
0OG nr 9

kg

Vaw (mt)

{em)

[o] 10 20
Fig 9

Caleulation of tho ascending curve of a I 1 diagram  f & fluxd @k | kebe

from tho ascending curve of an experimentally found P 1 dsgram of an

air filled lobo and caleulation of the prossure part  f the surface temibon

(haded aren) of tho surface lining (0—o) exporimental a ¢ curve (e—0)

oxperimental fluid curve (G——@ ) caleulated air curve (9——) caleulated
flud curve

not continue up to 250 ml beoauso at about 160 ml fluid the lowest
ports of tho lobo aro already stretched to tho samo oxtent ns when
tho lobo is filled with 250 mlafr so with tho given data jt ia imposedble
to ealoulato the curve at o pressuro higher than 15 em water
Ax tho flnid filled Iobo is unoqually strotched at any lovel it
18 far more complicated to caloulnte the descending enrve of the
hystoreais loop of a fluid filled lobo from an air filled lobe At
siphoning the lobo any level follows its own hyaterosis cur}'l‘
For A=0 prossurc is maximal o p = egho. The volumo decreaso for
the amall part di will bo again dJ e=(dh/AL) T 0
According to tho hysteresis ourve }a will now decrease Fig 1
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ton of such & curve
3 -dimenlonal graphie, Mustrates the calenls
:vbnotheh-hnghmpmmf. g v 10 upd 11 are based on
Fig 2

Y tmi)

54" m

o fom)

Fx 10,

Caleulation of the deveendmg curve of & P 7 dugram of & fid flied bob
from the aectodmg eon of wn experimentally fornd £ T diagram { aa
ar-flied lobe. For simplxity late sre drswn straleht,

Fig. 11 shows & hysterests loop of & Auld filled lobe caleulated
from a hysteresis 1oop of an air filled lobs compared with the one
found experimentally

The ealoalsted and experimentsl loops much resemble ome
another both qualitatively and quantitatirsly However s amall
discrepancy remaing the higher the premsures the greater this
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250

Yaw (ml)

% tem)

0 10 20
Fig 11

Commparison of the expormmentally {e—e) f und and caloulated (3—0)
hysteresla loops of a flud fillad loft lowor Jobe

discropancy whilo tho calculated pressures aro always higher than
those found oxponmentally This 18 probably due to tho rough
assumptions and tho neglect of tho small surfaco tension

Differontintion on the asconding curve of tho fluid P 1 diagram
which was found oxpernimentally gives a P T disgram of an air
filled lobe without surface tonsion Tho aroa botweon thoso enleulated
and experimental ascending ourves of tho air P 77 diagrams appears
to bo tho contribution of tho surfaco tonston to lung work (sc¢
Fig 0)

As can bo acen from this figare the probable coutribution of
surface tension to lung work amounted to about 12 94 Tho range
of theso contribution values varied from 5-18 ¢, with an avernge
of 11% for n=7 Howover wo conmder tho acourasy of these
values of tho same order of magmtude

42 COXTRIDUTION OF SURTACL LINING TO COMPLIANCL
IYBTERESIS

It has been suggested that varations in surfaco tension of the

surface lining could contribute to tho hystercss phenomenon of

P ¥V diagrams of air filled lunga
Tho surfaco tension depends on the number of surface active

molecules which nro adsorbed at the surface. If a surfaco which
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i o state of cquiibrium is stretcbed or comprensed the number
of adwocbed moleeules per tmit area b temporarily decreased oe
inereased and coomequently the surface tension is inerewsed or
ndmcduntﬁnmihtn’budouoﬂhamolcmhulmltofdﬂ
fuxion restores the equilfbrium.

The time tn which this equilfbrfum fs reached fn a thin layer of
I}quﬂembamlmhtcdbylppllmtionoﬂhethwryofdiﬁ’udm,
which Tesuits in the critedon D¥I1=1 where L i the thickness
of the liquid layer (B Brzwaxr and LigrTroor 1080).

Theoretical values of diffemon coeficients D can be dertved Ly
applying the formals of Btokes-Einsteln Dy/T=coust or later
modifieations of this formula. In accordsnce with experience this
formuls predicts diffusion coefficients in squeous solutlons at room
temperature of the grder of 103 cm?/sec. By uslng the formala
of Stokes-Elnaten {t s pomdble to correet experimental values
of D for changes fn temperature and viscoslty & of the medium

The thaeinew of tbe surface ining was spproximated as follows.
The average total lipoprotein content of & dogs beft Jower lobe
wmoonted to 160 mg From Fig 4 oan ba seen aboxt 80 4, of the
Upoproteins are coming from the peripheral lung regions, my the
alreoli This means sbout 80 mg lipoprotem h originating from
the alveot| of the left lower lobe. Fig 6 shows 40 mg lipoprotem
diluted in { m! Sterofundin has & surface terudon of 29 dynes/cm
at this dflution viscoslty and hencs diffusion cocBdent do not
differ notivabls from pure water The total inner sarface area of
the left lower Iobe  alveol of » dog of abomt 18 kg w11l be abous
2x10*cm? 2 m! Hpoprotein solation containing 30 mg lpopeotein
spread out on 2 x 104 cm? bas a thickness of 104 cm.

Surface tenwon In lung atvecl! Jo less then 29 dynesjem, o the
ﬂu&rmofthonn-&mﬂnmgmmbolulthnnlo—‘mHm
with & thickness of a surface lining of 10~4em and & diffoxion
cocflicuent of 10-% cmtfaes the equilibrlum concentration s resched
n 107 sec In other words, thermodynamic equilibriom in the
wrface {ining of laug alveoll oecurs within 1073 gee,

5 DISCUSSION

Aﬂmz‘perlmmumdunonlhm;dogu,wthqa
Prroached
mnymsmnexm(mmumnchedlmgw.mmptfuttba
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experimonts with excised lobea which wero done in order to com-
paro air P 7 dugrame made beforo and after tho removal of
surfactant

Tho results of our oxperiments showed the samo qualitative
alterntions of tho P T diagrama when tho lobe waa filled with
flud ns found by most investigntors shiftuyg of tho hysterons
loop to the left narrowing and changing of direction of this loop
According to those investigatora theso nlterations could have leen
caused by elimination of the surfaco tenston in fluid filled nlveoh.
Ae was mentioned shifting of the hyateresia loop to tho loft was
enuscd by the height of tho water column beneath the pressure
transducer If tho pressuro transduoer should havoe been placed
at tho Jovel of the dog s sternum it would eanso o ahifting to the
night This was verified experimentally

P 1 dingrama of fluid filled lcft lower lobes were caloulated
from P T diagrams of air filled lobea of closed-cheat dogs, while
surfaco tonsion waa negleoted in theso ealoulations,

No caloulations were made of air filled Iungs of dogs with open
thorax

Tho el differinces botween thoe loops of fluid fllled lobes
that wcro ealoulated and thoso found expernnentally aro probably
duo to the rongh assumptions and the negleet of surfaco tension
If in tho alveoll thero should not Lo a substanee atrongly lonering
tho surfnco tension & higher pressure would ho necemnty in order
to inflate tho lung alieoli In thia case we would have found a
much greater discrepaney between the oaleninted and the experd
mental hystereals loope,

Thertfore the loops of alr filied lobes found experimentalls aro
mininly based on visco-clastio propertics of the lung and theracie
wall and for about 10 °, on surface tenaton

In additional experimenta with the samo but anaesthetized doge
with open thorax lung and thorneio wall compliances were soparated
An can bo scen higher Initial presaures wero needed to inflate the
collapacd alveolf of these lobes until tho lobes volume han reached
tho volumo of the thorcio cavity and tho lobo bulges out of the
wound

After this point tho ascending curio is nearly identical with the
former ono. In riro probably most of the alvcoli aro open becanse
of the cxisting negative ploural preseure The prossure differenco
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By Iung lavags 1 ruro 1t was also possiblo to iphon & mixture
ofl}po;:mtdmwhlchnrmglyhrzadthemﬁwtmﬁmdihn
lavage fluid.

Thos a decreaye of surface tension was found from an sverage
of 58 dynesjem of freah Btexofmdin to 38 dyneajom of the siphoned
lavage fluid.

Fige 4 wod B suggest & production of this “surfactant” in the
peripberal reglons of the lung at a mts of about 15 mg/min for
{he left lower lobe during lavage sa riro When the dog was sacrificed,
hoseorer the surface tension of the lavage fluid (nereascd to the
average surface tensdon valus of fresh Stercfmndin, wherras the
lipoprotein coneentration decreased to about rero within 20 min
after death.

Tho sarfactant in particular the Iipid fraction, might contribute
to the bystesrests of the P ¥ diagrame of ate-fllled lungs. Meesure-
ments of hungextracta on the Withelmy Langmuir balsncs lead to
this conctusion. On this balance it is posdble to messure the
surface tenmon of & sofution with varying rurface areas caueed by
moving trough, When surface tenson b5 recorded smmultaneously
with surface ares during compresslon and expansion of the surface
fim of & crode [ungextract there is & marked hysterests. The
thicknem of the liquid layer in the Wilhelmy Langmuir balance
bowever is of & completely different order of magnitnds ax the
mrface lining in long alveoli,

When this layer has & thiekness of 1 mm the thermodynamlo
equilibrium takes place in about 1000 sec. Therefors thers will
be 1o thermodynamse equilibriam if the successive surfacs tension
:ﬂmhmﬂmﬂ&hl@mmﬂmhm'ﬂ]

e

In tung alveoli, on the other hand, the sarface lintng is 50 thin
that thermodynamis equilibermm will oceur within ono acoond so
bysterens of the PV diagrams of air lled lobes cannot be cewand
by the physico-chemical nature of the surfactant,

Itmuldhelrgncdhuwmthntthelcmﬂemmthnﬂ{
lbummhmh&hu&;nwummmt“‘
mhufthhliqnidhwamummvhuwllmithntcmqumuy
tbedlﬂmhleocﬂdmtbt«muml]« If the concentration is
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doubled the thickness of the layer is halved the diffusion cosfficient
could bo four times as small to reach equilibrium in the samo time.
Therefore the viscosity would have to increase more rapidly than
the quadratic of the concentrntion which 1s not the caso in the
concentration rango studied.

Tho experinients with the excised lobes in which practieally no
difference oould be acen between the air P 7 dlagrams of thes
Jobes before and after tho romoval of the surfactant, support
tho above mentioned theory

The experimenta done by MewpENmALL (1003) Surwicm and
Bororr (1083) aro also in agreement with our theory Dbecanso
thoy noticed o certain influcnoe of time on thelr surface tension
measurementa.

SUMMARY

Unanacathotizod dogs woro subjected to the roultiple-infusion levage
procedure of tho loft lower lobo,

Thus it wae posiblo to make 1 tfeo statle I’ I diagrams of fluid filled
lobea, which wero campared with tho P T digrams calculated from tn o
statio I’ 17 dingrams of air filled lobos if theso wero fifled with fukd.

Botwoon tho successive complianco menaurements surface tenston measre-
monts and quantitative lipoproten dotorminations of the siphoned lavage
fluld wern mads

With thoso date & contributfon of surfaco tension to lungwark of aboot
10 &, waa fourwd, whorows surface lining of tho altveol could not have coa
tributed to tho hystercais of lung eompliance. Marcover somo additionsl
oxporuments supported tho latter conolusion,
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doubled tho thicknos of the layer is halved the diffusion soofficlent
could be four times as small to reach equilibrum in tho same time.
Therofors the viscosity would have to increase more rapidly than
the quadratlo of tho ooncontration which is not the caso In the
concentration rango studied

The experiments with tho exeised lobes in which practieally no
difference could bo seon botwoon the air P ¥ diagrams of these
Jobes bofore and after the romoval of the surfactant support
the abovo mentioned theory

The oxporimonts dono by Mewpmwmary (1003) Svrmon and
SoLorr (1063) aro also in agreoment with our theory becanse
they noticod e cortain influcnoo of timo on thelr surfaco tenslon
measuremonta

SUMMARY

Unanaosthotizod dogs woro mubjostod to tho multiplo infusion lavago
procedure of the left lower lobeo,

Thun It wans posiblo to mako ia viro statio P " diagrams of fuid-filied
lobos, which woro cormnpared with tho I V disgrams ealculated from tn o1
statle P V dingrams of air fllled lobes If these wero filled with fluld.

Botwoon the {vo pli s surfaco temrefon mewsure-
moents and quantltative lipoproten doterminations of the siphoned lavage
fluid woro made.

1Vith thoso data s contribution of surfaco tension to lungwork of about
10 % was found, whoroas surfaco lining of tho alveoli could not have eon
tributed to tho hystoroals of lung compllance [ reover somo additional
oxporiments supported tho lattor conclusion.
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SOME OBSERVATIONS ON ANTAGONISM BETWEEN
PENIOILLIN AND ANTINEOPLASTIC ANTIBIOTICS

Yy

A MANTEN anp J I TERRA

1 INTRODUCTION

Tho chomotherapy of neoplastio discasos is often complionted
by sovero sido offcots of the drugs With tho antitumor agents in
current uso at tho moment (alkylating drugs, antimotabolites,
antimilotio ngents oytostatio antibiotios corticosterolds) an adverso
offoot upon tho host-parnsito defoneo mechonism of tho patient,
such s leucopenia or intorference with other natural immunity
footors can bnt soldom Do avolded To compennato for tho ido
offeots of the drugs antibnoterial antibiotics are usually ineluded
in tho various treatment schedules for ncoploatio discoses.

Sinoe many of the cytostatio drugs not only inhibit the prolifer
ation of tumor colls but nlso diaplay a high sntimicroblal activity
espoclally townrds cartain bacterin tho quention arisea whother
cortain of theso drugs may not interfero with the action of antl
bactorial antiblotios This possibility is far from being remoto,
sinco drug antagonism between the latter antjbiotios has often
Doon observed (JawrTz and GuaNisox 1052 MANTEN and Wissr
1061 Mantax 1004) Tt has beon demonstrated that capecially
pomelllin G and its semi-synthotio dorivatives may bo antagontzed
by somo other antibacterial drugs Therefore it may bo am
that any of tho oytostatio drugs may produco the samo cffect on
ponicillin

Tn tho cxpariments descriled below we found that this hypothess
is fndced cotroot. Among other things wo obacrved that even
minimum quantitics of actinomyein D may strongly counteract
tho basteriodal action of penicillin G

350
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2. MATERIALS AND METHODS

The antineoplastlo substances used in our experiments were
chosen from the various clases of these druga. As allplating
munmedhighgndoeommdﬂmrﬂhuo{dlaubw’l
(Lol ®) eyelophosphamide (Endoxan®) and (ri-thylene
¢ (Thio Tepa ™)

m group of antimetabolites we Mvesticated p
froropkenylalonme azaserine, aminoplerin, amethoperin (Motho-
trexate™), S-flxorowracll B-amquanize and & plopurine As
antineoplastio antfbictiea actinomyern D mutompein 0 and puro-
mycin were used. Tho antibacterial antiblotios usced in ths investi-
gation wero penteillin G and ampeillin (Penbritint®)

The above substances were screened for antimierobial activity
by a tube ditutson techniqoe employing mutrient broth (Difeo) as
s medlum. The otganisms uwed in theso tests wero Streplococens
pyogenes (Aromson straln) Staphpococcns awrews (FDA strain)
and laboratory straine of Eschenchia coli and Candida albfcans

The techniqus applied to establish drug antagookm has been
desaribed fn detadl in earlier papers (ALaxTEY and dEremsax
Wisar, 1982 Mawrex and Temra, 1064) In short the tests were
curried out as follows mutrient agar plates wero homogeneomly
sceded with relatively dense suspenalons of the test organtams
and dried. On top of the heavily noculated plates (approxtmately
10# living bacteria per plate) three paper disos were placed. Ona
diso contained 0.5 U of peniedllm G or in other expermments 10 pg
of ampleillin (Penbritin(®), o second oas 10 ug of actinomyein D
oc mitomyein O snd the third cne the two drugs under test In
combinatlon (ef. Figa 1 and 2) The plates (primary plates) wers
incubated orernight at 37 *0 They demonstrated the bacteriostatic
effect of the drugs (of Fige. 1 and 2 on the beft) Then replicas were
taken by gently pressing vebvet stamps of the same inido diameter
a3 the primary plates on these plates, after which tranafers wers
mdotoiruhphtu.Ovcmhhthmuhdmufthneremhdthu
bactericidal effect of the drags (replica plates of Figs 1 and 2 en
tho nght)

Thocnmhnﬂonofnnﬂhhtwmhgmhnu.fund]mu{
dmgmmth\“lllnunbdmempbyh]grqﬂmphﬁng
mmthnnfmkﬂm(}lndofmplcﬂlmmdng
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with approximatoly 1 10 and 100 t{mes tho minimum inhibitoey
conoentration for the respective test organiams woro incorporated
in tho agar medium and incroesing amounts of tho second drug
(fo aotinomycin D and mitomycin ) appliod in papor dises
(of Tig 3)

For tho proparation of tho discs Whatman fllter paper nr 3 was
usod sinoo we found that somo other apocics of filter paper may
partly bind aotinomycin D

3 RESULTS

In Tablo 1 the minimum inhibitory concentrations of the cyto-
statio drugs aro given. It appears from tho tablo that under tho
cirocumstanccs of teating tho majority of tho substances displayoed

Tanrz [
Alind inkilttory lone +n pgiml of cytostalie substances for 4
test orpanumse Medium  mutriewt broth (Difoo) of pII 7 0—7.3. Incubotion-
18 hours at 37°0

1betanco Streptococous Staphylocoo- Kscherichia  Comdids
8 PYOgeRes  cus gurens eoll albiorns

(seg/ml) (ug/ml) (mgfml)  (eg/ml)

Alkylasing agenss
chlorambueofl >100 >100 >100 >100
oyvlophosphamido 5o >100 >100 >100
tri-othylonothlophion-

phamido 20 100 >100 100
Antimetabolites
p fluorophenylaloning  >100 >100 >100 >100
azasorino 50 >100 >100 >100
aminopterin 2 >100 >100 >100
amothoptorin ] >100 >100 >100
#-fluora urnoil 50 100 100 100
8-axaguanino 100 >100 >100 =100
8-moreaptopurine 100 >100 >100 >100
Antilbrotics
actinomyoin D 01 03 >100 100
mitomyein 0 02 01 5 >100
puremycin 50 > 100 >100 >100
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caly » weak antimicrobinl sctivity For some of the agents even
Lhahlghedmeuntntb‘uemp\ond(lmpglnﬂ)dﬂmtlhmmy
appeeciable growth inhibition. That many of the antimetabolites
lbhﬂmlylhwmd&almdhmrhlmbnh;mbub\ydm
tﬂthecompeﬂthnmrudbym-h;lngmﬂmh(mlmndd;
and pnclele acids) of the modinm which was used in these tests.
Hndqntheﬁeurnml-cynﬂ:cﬂamndhdlpuﬂ:ltypabem

employsd doubtedly much lower tiors of the sgents
wonld have been found to be growth inhibitery
Amaoug the eab tested wetinomyein D and mi o]

el
stand out for thelr very high antibacterial activity As appears
from the table eoneentrations of these antiblotios sy low a3 01 to
02 5g pec m! may caose s complete bacterioataxts. Foe thia
reason, and also in view of the fact that both antibictics have &
potent untitomor ectivity (Kxmatex and Krxstey 1083 Kawa
Mata, 1043) they wers used for further experimentation.

For the frvestigation of the interaetion between actinomycin D
and penicillin G three stratny of Staph. axrmes were wed (Saph
axrews FDA, and two patient strains) What was observed b
exemplified by the findings recorded in Fig 1

Asshown In Fig. 1 on the left, nctinomycin D aa well as peniciilin
G and the combmation of the two drugs diplay s pronouneed
inhifatory action on Staph. awrews AMore intereating however la
the replica plate (on the right) showing the bectericidal wetion
of the drugs. This part of the figure shows that penicllin G has
killed nearly olf the bacterls within its xone, whereas In the rone
Produced by sctinomytin D many becteris bawe screived, Ap-
parently the action of penieillin G t bactericldal, wherean that
ufmhmrthhmudlmmbcﬂnbtuﬂm[u\hcmyvdm&
bywdnmyumDpimpm}c{ﬂh\Gnhomqycrzmhmshn
wﬁnilththﬁafmaﬂdzn&thltvbﬂtmpanuﬂm(}dm
s capable of kilting nearly all bacteris, its lothal effeot 1s Yout when
% b med togethee with actinemyain D The influenes of setinamyrin
anonpmbﬂlm(}htbzn{umlnhgonkﬂu.
dﬁrumumdnebhmdﬁmhmmm

awrews, which
Yoo emphasties the general valldity of the

A different reaction waa obeerved In experimenty the combined
Aetion of mitomyen ¢ and smpialln (Ptnhrhmmu;.l'lg 2 shows
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the results of such an expertment naing as & test organism Salmondla
typht murium

It is evident from Fig 2 that mitomycin ' in contrast to actino-
myomn D (of Fig 1) possossce o pronounced bacterioidal action.
Ampreillin on the other hand 18 in this oxperiment only partly
bacterioldal Tho figure further shows that mitomyon O docs not
mnterfere with the (partly) bactoricidal astion of ampleillin

Eascntinlly the same results woro obtained when the above
oxperiment was ropeated with test strains of Salmonella paratyph
B and of Esckenchia coli In experiments with the threo tost strains
of Staph aureus montioned carlier in this report wo found that
tho bactercidal action of ponicillin G also was unaffocted m tho
prescnoe of mitomycin €

Tho influence of drug concentration upon the above mentroned
antagonism was studied on the same three strains of Staph. axrexs
The results obtained with the combination of penicfllin G and
actinomyom D acting upon ono of these strains 15 shown in Fig 3.

Tho ploture in Fig 3 shows throo rows The figures in tho top
row indicate the concentrations of ponicillin G incorporated into
tho agar and tho amounts in ug of actinomvein D applied per
disc The plotures of thoe potri dishes (primary plates) in tho sccond
row show that there is no growth of tho tost organisms In tho
prescnce of 005 08 and 5 U of ponielllin G per ml (1 10 and
100 times the mio of Staph aureus) Qrowth coourred only on
the control plato on the loft Tho replica plates (bottom row) show
the bactericldal aotion of the two drugs Round the places where
the disos containing increamng amounts (1 3 10 and 30 gg) of
actinomyein D wero appliod to tho plntes contaming penfedllin G
numerous colontes have dovelopod which demonstrates that in
the prosonco of actinomyen D many staphylooooel havo survived
the baoterxdal action of penimllin G Tho interference with the
penioillin action appoars to bo very pronounccd at the lovel of
005 U /ml of penicillin G concentration and tenda to decrease ab
higher lovels of this antibiotic It is also clear from the picture
that low amounts of actinomyoin D are more active in counteracting
tho Daoteriordal action of poniciliin than are the higher quantitics
of tho formor substanco

The experiment which has been described abovo waa also earried
out with tho two other strnins of Staph awrews Tho resulta obtained
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Tamirx 2
D et fumctron [ dreg
Ansagon o, betwem penicll O emd actinomycs Thres strating of
oration. Rawulls ebinined empicying a3 Wt srpenioms
Saph. ewrens

of |eono. of prolelliin G B sgar modiom
aetinomyein D

Beratos fo paper disex { 05 17 fml | 0.8 Ufmi | 8 T ol
[y

Staph. excrons 1 4t +i: -
A 209 3 ++ -
b 10 + + -
© + - -
enroas 2093 1 +++ +++ ++
ek 3 +++ ++ +
10 ++ - -
0 T - -
Aseph. awrens XTE 1 +++ ++ ++
3 4t ++ ++
10 +++ ++ +
0 +++ + -

with all three struins of this organhm are summarked in Table ..

Table * shows that, but for some variations at relatively high
penkelliin G apd setinomyein D eonocentrations, all straine reacted
to various amotnis of these druge in cwentially the aame way
Tn all sirains Jow to moderats concentrations of penicflin G (0 03
10 0.5 U fml) appeer to be maximally antsgonized by mintmum
smounts (1 pgidiso) of scthomyen D

DISCUSSION

It appears from this Investigation that both sctinomyein D
end mitomyein C powess & proucenced antibacteral actlon.
Howerer thers may be a fandamentsl difference between the two
drugp huﬂtutcrpnhnnwﬂd:mukdtbclcﬁouoflcﬁnomydn
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D wns blostatlo wherens under tho same exporimental conditiont
mitomyoin O invariably displayed a strong biooldal sctinity If
this difforenoo of notions would nlso apply to tumor colls and thers
aro strong rensons to holieve this this observation may contribute
to an ovaluation of theso rntiblotics as antincoplastic drugs.

As shown In our exporiments aotinomyeln D muy htetfers
with the bactorioidal actlon of penicilin G Tho samo has been
obacryod with the baoteriostatio antibiotica chlorampheniool totra
oyeline and erythromyeino (JAwerz nnd Gumwisox 19.% 183
Maxrax 1066 MawreEN and Tprea 1964) In any acheme of
antiblotic antagonism aotinomyein D might theroforo be placed
in ono group with the lattor antibiotics

Tho study of the antagonmm as o function of the conecntration
of tho antibiotica has shown that low to moderato concentrations
of penieilin G (005 to 06 U fml) wero strongly antagonized by
low nmounts (1 sg) of actinomycin D At higher concontrations
of penieilln G tho antogonism tonded to deorease This would
imply that If tho antagonism would also appear during the cliniesl
uso of tho drugs preecribing rolatively high doscs of penlefiiin G
may partly oompensato for tho cffeot of astinomyein I

Recently nctimomycin D and mitomyen O attraoted gresd
attention in rolation to their moden of antiocllular aotion Though
wo aro awnre of tho faot that up to now tho meohanisms havo
not beon complotely olucidated it scoms to s that suffoient i
known to make an nttempt at explaining our findinga.

According to KxrsTrx (1001) notinomyein 1D inhibits tho DXA
dopendont aynthests of RNA In cells by spocifically binding to tho
guanino molety of DNA which finding hina beon fully sulpstantiated
by Intor abservations (Maart and Tarusr 1063 Kawasata 1903)
An RNA in bactorin as well as in ¢ g mammalian eclls has s major
function 1n governing the blosynthers of protoins actinomveln D
ultimately Interfores with the production of ccllular protoplasm.
Tho substance theroforo has & biostatio type of action which b
in aocordanpe with our obsrreations on tho effeot of this drug on
baoterln Tho mode of aotion of mitomycin C on the other hand
is probably moro complex. This substanae s been fonnd to
causo primarily a breakdown of cellular RNA which is followed
by o degradation of DNA due to the liberation of DNA-specifio
onsynies (KorsTEN and hpmstex 1063 Suzuxr and hraonk
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1084) T¢ appoars from theso nvestigations that mitomyein Q may
hﬂhtnhmryd;m:gemcdlum-mmnwuhthhhnl
M;\tmﬁmhn.unhwfmdhmhb‘dwldqwda
S therefore not surprising

Peniedlln G exerts ita bacterkddal action throagh an inhibition
of the synthesis of the bacterial cell wall or parts thereof, whils
Jeaving the production of cytoplasm unaffected (Pazx and Srro-
uMoEs, 1057 LrDraprea and St Cram, 1958) If the tacteria
are in the ectively dividing stage, this necestarily lewds to rupture
of the bacterial eell membrane and subsequent Iyuwis and death.
As was explained sbove, actinomyein D probably affects the
formatiom of cytoplasm by selectively inhibiting the synthems of
messenger RNA. In other words, in the presence of actinomyein
D the bacterly sre prevented from produeing cytoplasm, which
s » “condditio sine qua non” for the bacteriedal action of penicllin.
Thorefore, actinomyein D antagoniies penieillln G

That in our experiments mitomyein O in eontrast to setinomyoin
D did pot abow any intarference with the bactericidal actions of
perucdllin G and ampheillin, i perhape dos to the multistte antl
eellular action of mitomycin O This snbstance has been found
Dot only to canse large damagn to the DNA RNA system of cells in
general but 1 also may affect — probably as o direct consequence
of the damage inflicted upon RXA - the formation of normal
cell walls of bacteria. The aberrant morphiologieal forms obtained
by expoaing certaln bacteris to mitomydn (Dummax 1963) are
highly remintsoent of similar {forms produced by the peniefllins,
Th:&ehadddﬂudbnofmhﬂhcamimplﬂunhm

mumhedhymhmnydnCmyMlybednetothdr}\rﬂy
rimilar modes of astion.

SUMMARY
The Antneoplast e

1) Tho antibacterml actiom of sctmonrvetn D by of the biows
5 JrT mtcayes C ppeared (o be biockal e
sctinomyem D may stroogly counteraet the bact
of prawcdlia @ The b quenthty of actieceny ":"“‘“"‘

W s expecitoents (1 found weployed
rompect. athn t be maxizally aetive in th
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3) Mitomyeln O did not antagonizo tho bestorierdal astion of paneillm G
and of amplelllin (Penbritin®)

Annttompthmxhntnxpldnh\gtbuﬁmllng\by‘huhhc'nup
to now of the mechaniam of action of tho substanse in question.
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VISUAL EVOKED RESPONSES TO BLANK AND TO
OHECKERBOARD PATTERNED FLASHES

T

W J RIEIVELD W E )L TORDOIR, J R. B. HAGEXOUW
J A. LUBBERS and Th. A. C. SPOOR

1 IXNTRODUCTION

Sincs the Introdaction of averaging methods to extraet evoked
cortical responses from ther noisy background (Dawsox 1054)
the response to the preseatation of unpatterned (blank) flashes
has been stuched by several anthors and groups of enthors. Very
little work has, howerer 8o far been dope on the respooss to
patterned flaabes.

BreEisuwy (1985) compared various aspects of the response
to blank (unpatterned) and to patterned fashes. Blank fashes were
obtained by fllumination of & hlank white squure cardboard sub-
tending the central 40-60° of the virmal fleld by s strobe lamp
‘placed behind the sobject, who was placed in an otherwise
room. Patterped flashes were produced by Mluminstion of eard-
boards showing varioos grometrical patterns (line patterns, checker
board patterna) in black and white, Flash frequency was between
0 5isec ad 1fwec. Various electrods posttions were ased the recordsa
presented were cbtained from one electrods 3 em or less to the
side of the inlon and one at the ipllatera! ear The EEG was
recorded on & 16-channel inkwriter and simultancomly either on
upfuroﬁ’—lhnnmh-thbyllmzmotrm(ml‘wmpmer or
directly fod mto the latter In averaging of the potentials in tha
Erat 800 maco after the flashos 100-300 reaponses wers sgmmated,

Ruuhlmduu-ﬂrdhternuofmrﬁmpodﬂvwcummu
Rupomtodxﬂ‘mulia;htwmdaa{beduhdnxtbe&muimum
surface-positive eomponent at 80-120 mssc. In soms of the 15
mbhﬂgumﬂumﬁmm&ummmmulm-m:mw
could be distinguished eardler P ot 30-60 mmeo wers

m
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loss conmstent Theso components can bo tentatively identified
with the I' Z and A eloments ncoording to tho notation proposed
enrher (RIETVELD 1063)

In the case of cheokerboard patterned light the maximum surface-
positive oomponent had & latenoy of 180~250 (— 375) msce, and
its amplitude was largor than that of the largest positive ware
in the responso to diffuse light It was often preceded by a large
rurface negativo wave with about the samo latoncy as the main
surfaco positive wavo 1n tho response to diffuse light in the same
subjcot Tho oharactenstic features of tho pattorn response became
the moro marked s the number of aquares Into which the card
board was subdivided Increnscd from 4 to 16 to 64 to 256, that
as the number of contrast borders and thir total length increased.
This and tho fact that tho pattern rospomse revarts to tho blank
responso when the checkerboard pattern is viewed through s +10D
lons, s0 that tho borders become blurred strongly suggeets that
the pattern responso is due to tho prescnos of contrast bordets
in the stimulus flash The responscs to both diffuso and patterned
light reached their maximum 1n an area ‘within 8 om forward
and to the sidea of tho mion  Maahay et al (1860) using largely
solf-doveloped apparatus studsod responses to varionaly patterned
stimuli, Among tho Instruments developed aro o four-ohannel
averager using o closed loop of magnotic tapo as an acoumulator
and an clootronically controlled optical system for the presentation
of various combinations and soquonces of steadily [luminated
patterncd flolds. Intra individual varlstions of the roaponses ovoked
under soomingly identical oonditions and tho influence on the
responme of changos in stimulus propertics were stadied in one
subject ovor an extended perlod of timo singlo scedons with
8 subjoota wore carriod out to investigato intor individual variatlon
uwnder identical conditions

Bubjoots sat in a dentist s chair in a rolatively sound proof
cublalo and viewod a ciroular stimulus fleld at a distance of 100 cm
beforo tho oyoa thoy fixated a dim fixation spot in the centre
of the flald which subtended an angle of about 0 degrees Tattorned
and unpatterned flolds had tho same overnll luminosity Stimulus
ficlds wore prescnted for ono second or more. A grounded oloctrode
was placed at the loft carlobo bipolar leads of var{ous hind coukd
be used by leading off from any cloctrodo pair from an array of
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eleetrodes comstituted as follows ons electrode is placed over the
injon end ancther st the vertex together with these two five
addttional midlins electrodes divide the Imon vertex distance in
6 oqual parts two additlamal clectrodes are placed at 1/6 iplon
vertex distanee 1o the right s3d the left of the imfon eleetrode
respectively and two more at 1/8 v distance frontal to theso
electrodes. Averaging is dons over 10-%0 respontes.
Ammxthnpnﬂamprsmnedmohecknburdpattmrhh
vivna!l angles subtended at the nodal polnt by the side of the unit
squire of ' & 8 1% and 40" respectfrely The general features
of the pattern responses wero similar to those described by Spehl
mann in the majority of eases s large positive wave at about
200 mato s preceded by a surface-pegative ware st wome 100
meee There was no marked inereass In ampittude of the main
positive ways with increase of finenses of the ehockerhoard pattern,
It tncreassd, bowever with increwss of contrast level. The effect
of fsolated def way not investigated

The present is a report on experiments not unlike those of
Bpehimann and of MscKay o al. in which part of their conclosions

were confirmed, and their observations were extended in several
direetions.

2. MATERIALS AXD METHODS

In all, 8 healthy young malea (Nos. I-VIII) were available as
smbjects. They all had & virual acalty of *0/%0 0 there were no
appreciable differences in pattern resolution.

'Ihgmu'llfoltm’uulthophanmpolua,uwmpuedm
the responses to blank flashes, wese studied In all eight subfeots
the inflnence of mnit square sizs in Nos Y-VOL In one mbjoct
(V1) the Infl of flash i ity the tion of the
central (foves, perifoves) and peripberal portions of the rotine to
mmmmmmb&ﬂmdmmdm
epwenters  wers studled.

ts ary made n & datk, soxmd room,

are dark-adapted (> 30 min) MWF&I“MM lryhntﬂllsnbm
into the conjunctival sag of 10 per cent phenylephrine.-HCIL An
-mdmhdnﬂa(@a&xus)hmh
themn&ﬂmdlﬂmuﬂ.ﬂuhdmﬂmh&m flash fntemity
h:mLmk-o«hmumWhenbhnkﬁnhmmmud
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8 80 per cont neutral denmty filter 18 intorpossd 8o total luminom
ﬂuxiutholamea:inthocamof[mttemedﬂuha.l,engthxofunh
square sdoa are tabulated below togother with the correspontdmy
angles subtended at tho nodal pomt and the mds lengths in the
refanal image

Pattorn No sidoJength (mm)  longth on retina ()  angle subtended

1 k] 1060 41
3 1178 830 “p
3 13 182 13
4 815 258 10
5 8,87 20, FLR )
[ 5 47 3 2
7 4 118 27 %0
s 3 88 200 3
[ 22 [} 15 10
1o 15 44 1018
11 135 39 el
12 11 a2 738
13 05 14 3 4

Flosh frequency is 2/scc In the main serie oxpenments, the
active clectrode lies 1 om above the jnion tho referenco elestrodo
at thoe earlobe ond the ground olectrodo at the vertex,

Responsca aro averaged ovor two aorfes of ono hundrod flashes,
with a §-sco pause between the sorios, Three dry  scriee are run
bofore the actual oxperiment Potentinls are rocorded on & Gras
Polygraph 1n addition the output of the polygraph amplifying
eystom js fed into a Nuolear Data Enhancotron computer of
storod froquonoy modulatod on tape for off line avernging

3 RESULTS

31 GENERAL FLATUEES OF RESPONSD

Fig 1 shows loft the rosponso to Liank flashes for cach of the
subjocts tho corresponding reaponses to tho prosentation of pattett
No 6 (5% 6 mm? unit squares) aro shown on the nght. Tho blank
responses have the oharacteristios described oarlfer (RIETVELD
1063) a moro or lers woll-developed negative peak at about 60
msco (B) is followed by o positive trough at somo 100 meoo (/)
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subsoquent waves (B surfaco-negative latency in the 1.0-°10
msoo range and Z surfaco-positivo at some 200-°35 msco) ars
moro or loaa cloarly markod

In tho pattorn responso J appears in noarly all cascs to bo
gomowhant smaller than it is in the responso to blank flashes the
maln differonees from the blank responscs howover aro an inverson
of I' (largo surfaco negative poak at tho mame latcnoy as that of
I in the blank rosponso) and a marhed deepening of 7

For two of tho subjeots (Nos. I and VII) the blank responsos
(top) and tho pattorn responscs (bottom) are shown in Fig 2, to
nllow o closor comparison of the reaponse typos

This behaviour was found in soven of tho cght subjocta tho
exception being No VI who also differs from the others in that
the 7 wavo Is roplaced by a number of fast osclllationsl) 1

mseC — msec —

0 e
e

Dlank revponso (top) and pattern roeporso (I tewn) fsubjeet 1 anl VI

1} Tho appeamnce, in thi aubject of fast mollations at 50-80 me
upon prosentation of blank flashcs, wna romarked on ecarhor (JUFTVELD
1085 whero lio was numbarod Bubject IT)
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w1l be amalysed in » separate paper Asin the experiments
t{épeﬂmhlmhgumthempwntomrmmmbhnk
type.

3.2, IxYLUXSQE OF UNIT SQUARE SIIE

Kgi(mbpotmnhoﬂthnrupumotobhnkﬁuhu,u
recarded at the beglmming of the sesdon (0) the Tesponses to
patterns 1-13 and the blank fash reeponse recorded at the end
of the session. Tith pattern Mo, 1 I {a lem deep than in the blank
TeApOTSS hhecanuprogrudvalymﬂ.eruponpruenuﬂmof
patterns acd 3 Inversion oocurs between patterns 3 and 4 the
trrverted (negatlve) I’ wave reaches ts maximum at patterns 7
and 8 it then becormes smaller untll o, polarity reversal back to
sarface-poxitivity oecurs betwoen patterns 11 and 12. With patterns
1t03 Z fs smaller than in the blank flash response It then deepens
progromively to resch xi depth at pattern 8 then it
becornes smaller nntll ot pattern 13 it b egain lewt deep than in
tho respouse to unpatterned flashes. In Fig 4 the values, with
reference to rero of ' and Z emplitudes are plotted agalmt unft
square sido length normalixed abeolute values with reference to
& oormon ©rto ars glven in Fig. § The influences of unit squars
exo an [ and Z amphtudes are strikingly smfler as onit square
ade Jeugth decreaves from 25 mm (pattern 1) to 3 mm where the
angle subtended is about *0 min of arc, amplitudes rise at an
Increasing rate & forther dimimution of unlt square sze resuits
n » sharp drop in amplitnde As a resnlt the response amplitude
a8 measured between I and Z depends on unht square aizs in the
way pictured in Fig ¢ which shows the I'~% amphtude after
sabtraction of the earresponding amplitude fn the blank response
In threo of the foar subjects tested the respooss amplitnde had
R maximum upon presentatian of pettern 8 in one response

was manmal when pattern 10 {angle subtended about 10 mimates
of aro) was presanted.

33 IXFLUEXCE Or FLASE DOTERATTY
Thebﬂmdﬂuhlmanﬁtyuuthnp-ttmmpunmm
investigated in subjeet VIL Pattern Do 10 (unit square sizs
1.5x 1.6 mm?) was presented at low (08 wl) tandard (3 0mL)
sod bigh (10 ml) fuh Intensits Reeults sre plotared In Fig, 7
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Fig 4
mmmmm(mmmmmdbwmn 1s

At Jow and medium lotemdty I’ lnversion occurs between
patterns 3 and 4 at high inteavity it is alresedy present at pattern
. For all intemsitios, reverml to surface-pokitivity oocu at pattern
0, The deepenmg of £ f» more marked at mediom and high intensity
tban st kow intendty In some owses (foc lnatance at mediom
fmtenatty pattern 10} the fuverted I' wave mizes with £ this
resuits i & changs in shaps the pesk beooening more rounded,
and m an apparent chango in implicit time. The same 1s found
with coarse pettorra ai high intrmity Fig 8 shows the I'-%

amplitode after subtrastion of the amplituds in the blank response
for the three flash intenartics.
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100

k
i
]

Fig. 8.
Cf Fig. 4 Normalized abeolute valuos of I and # amplituds with referencs
to o commeon xoro.

34 CONTRIRUTION OF CENTRAL AND PERITHIR \L AREAS OF RETINA

Tho ocontributions of tho contral and tho peripheral arcas of
the retina wero studied in two ways ©1 by presontation of patterns
consisting of central black discs of moreaning dismeter surrounded
by o chocherboard pattern (No 8) and by prosentation of clecker
board patterns of increasing area The rosults of an exporiment
of tho first typo are givon in Fig 0 which shows from top to
bottom tho full pattorn reaponso end tho remponscs when tho
angles subtended by tho black contral dmes wero - . 54 and
4 04 reepootively I'—7 nmplitude is down to about 60 pur cent
when the blnch diso subtends 2 degrees and to about 30 per eent
when tho angle subtonded is 2 54 at 4 04 no vestigo of tho
pattern responso rommuna. Fig 10 shows loft the Llank responsos,
and nght tho pattorn responses (pattern No 8 standard intonsity)
for anglos subtendod by tho patterned ares as indicated. For tho
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responsa amelitude
(arpitrary umts)

ST T T 4
rq b

- & xmplsiode s fnotion of wnit square side kength,

pattern response recordings, vectloal gain is bhaif that for the
blank response Both the blank response and the pattern
responses are virtvally fully developed whem the engle subtendsd
by the diamster of the patterned aree is 4 degrees.

This is clestly apparent from Fig 11 where the amplitude as
measured betwoen the inverted I wave and the Z wave is plotted,
after subtraction of the amplitnde &4 the correspouding latencles,
in the blank responss sgainst screen ares,

The results of these experiments are in complete agreement
both indicate that the central foveal arex contributes by far the
greatest part to the pattern respanse

The wsy in which the latency of the priveipal elements In the
pattern responte depends on screen size Is pictred in Fig 12
Bereen xizo dots not influence the implicit times of B and £ that

dlhammtedrnmmlhlrp!yuml}zadmp
below 5 &g em.
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0 3 2 3 4
Fig 8
P—7 amplitudo after subtrotion of that in tho blank responem, plotted
agninat unit aquare sido length, for duferent fiash mton itiew

35 LOCALIZATION OF PATTDRM RLSPOYSR

Fig 13 shows tho responses to presontation of checkerboatd
pattern No 8 as Ied off botween  referenco oloctrodo at the right
carlobo and cach of eight activo cloetrodes. Tho hindmont of the
midline clectrodes (no 1) is at 1 5 em boforo tho infon the other
mdline eleotrodes (nos. 3 and 4) o at ¢ 8 and 12 om before
no 1 respectively Electrodos & and 6 lio on cither sido of no 1
at o distanco of 1 6 cm from tho midline nos ~ and & on either
alde of no 2 at & distanco of 4 om

Inversion of I is restrioted to tho leads from noa 1
that fs, to o amall aren in the paramedian oceipital region 7 deopeny
progrosively as “o pass from no ¢ through no 3 to no ° A
noe & and 0 1t is clenrly lexs deop than at nes 1 amd .~ at nod
7 and 8 it s not muoh decper than at no 4 It would scem that tho

5 and 0
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pattern offect on Z (despening) extends over » somewhat larger
gres, than that on I° (foversion)

Recards from bipolar leads between the electrods pairs indieated
are shown in the Jeft-hand portion of Fig 14 (left blank responves
right patiern responses) Electrodes sro on s drcle with » radius
of em, centered om & point 3 cn foreard from, and 2.5 em to
the sids of the injon, Dashed verticals In the records aro at ~100
mao (I'} and at ~175 msso (Z). The right-band portion of Fig 14
sbows the directlon of the equivalent dipoles at these latoncies
{utows from positive to pegative) At 100 msee, the midline
positivity tu the cese of the blank respanss changes fnto midline
Degativity upon [resentation of patterned fiabes ot 175 moeeo,

i
l

500

e

Y



374 W J ROTVMID XT AL

msec— msec—
) 500 o] 500
056
1732
Foo

F54

5’00
546
6°2%
704
7 38

— —

Fig 10

Blank rospoasce (loft) and pattomn roapomsos (right) £ r anglos subtendod
by mereon arca wndicatod
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the chunge in direction of the electrical axis Is much Joss marked.
This {a in agrosment with the fact that £ unlike I” is pot inverted.

348, DETERNIXAXTE OF PATTERS EERFOISE

If we change from a coarse checkerboard pattern to o finer one
the total nmmber of cantrast borders as well ax their total {combined)
lengths inarease. The way in which the total number of eontrast
borders, and thelr combined Jength depend on the number of
squares fn which » square checkerboard with u slde equal to unity
» subdivided b shown inTable 1 where 1 stands for side Jength of
the squares X for thelr mumber = for the mumber of contrast
borders, snd L for their combloed length.

| —

PR~BR
area(sqcm)
ang ended
|
|
}
—
B 5 25 3%
C B4 7T TH 28 38
g 1
CL Fig 10 Pattern rerponss mimm blask reepon an fonction of scroem
wrew.

In «n attempt to see which of the two

borders oumber of contrast
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of parallel black and whito stripes of oqual width and where
cither tho numbor of contrnst borders or thelr combined kongth
wos tho samo as fn tho chookerboard pattorns. As s apperent
from Fig 15 tho rosponso to the stripe patterns resembles the

latency (msec)
150
screen area (sqcm)
angle subtendad
r
100
70 //\—.J’\B/‘
60,
5 15 25 35
e
o 254 5 6'28 7536
¥Fig 1%

Latonclos of B invortod I' and 7 a1 o function of pattern scrorn 876
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blenk response rather than the rexponss to prosmtation of o
cheekerbosrd pattern. This strongly suggesis that for the germtation
of the psttern resporss the [rewence in the pattern, of ntersscting
contrast borders s eseential. The question then paturally arisey
whether changes o the angles of imterwction lead to ehanges
i the response.

Ax a preliminary to experiments whare, among other things the
responve to prosentation of dismond patterns was studied, it
was gacortuned thas the aflentation, in the frontsl plane, of the
heckrerboard patiern is | ] the reep does not change
when the pattern e rotated throwgh 380* Thic metns that thers
uew;nﬁmﬂﬂmmmmummnHWWahﬂnuﬂptd
skew patterta. Fig 16 ahows the yespome 10 8 checkerbosrd
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Fg 14
Blank rowponscs (I i) and pattm responsen (right) a led T 1 [padarly
1 twern tho electrodo pair fwlieated
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pattern, and to patterns of dismonds having very pearly tho same
umt ares, and aoute angles of 60° 45 and 30* respectively Clearly
the dlamand response resembles the eheckerboard respouse but

{ts amplitude is markedly loes and diminlshes as the acute angles
become smaller

(o] 500

Frg 16
R t Wmtmnﬂr-m[mdt bank
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Btarting from a glvon checkerboard pattern we can oomstroet three
diamond patterns derivod from it: in ono ths arce of the wnit dismoads
i ogual to tho umt square arca; in the sccond, aide laogth, and in the
third, height remainy tho same All threo typoa were wsed: for a g
valuo of the dumonds angles, responsos to all threo woro about equl

500

Fig 1¢
nereadng
Respomses ta checharboard pattern and to diamond patterns of
skownos.
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I for o given valoe of the anghes, the diamonds are replaced

Zu“ctuthndiﬁmmthokngthiofndp{nhgsﬁa
lncmm,untﬂhramhtoumbhnkmpom,whﬂethumhjod
expudmeutboplttornulrtﬂpaplttcmnthnthnulp-ﬁem
of parald The resyx to po ;;:ru{nu;hpttemuf
feolateral triangles (unit ares again being * to square
m)mtonﬂhmnh-ndmm.equdmm&wtheehdm
board patterns and, thos much larger than the rexpomws to &
p:mnu{dhmmdxwthmghnfw‘mdl‘ﬂ' The oain difference
between thess two patterns bs, of course the sheenon of obtuse
mﬁummm@mAmﬁwmu@m
tritngles, finally evokea & response which fa even larger than that
to the cocresponding checkerboard pattern. Taken together thess
facts viTongly soggest that the presense in the pattern, of right
of acute angles between contrast borders, Ja emsential and that,
in the cuse of dlamond patterns, a positive effect, on the pattern
Tespomas, Of the acute angies becoming smaller S more than out~

weighed by e negative one due to the eoncomitant increase of
the obtuse angles.

4 DISCUSSION

41 GEXERAL YATURN OF RESFOXNR TO CHECKERBOARD PATTERXS

The diff between resp tof don of & checker
board pattern and to blank fisshes sppears to be of s quantitatirs
rather than & qualitative mature that is upon presentation of a
pattern, elements present in the blank flash reponse may change in
amplitude (£) slgn () and lateney (1) but no new elaments appear
Ithnch«diﬁcnlcmwmp‘mthemhv\mhadiniho
present experiments with those of 8pehimarmm and of MaoKay o,
bmwoftbediﬂ‘muamtochniqm'l‘hnnngeo{un}t-qum
d:nnrdlnthewttduhhxgzrthn(nd{hutﬁihaoﬂur
tovertipations. In MacKay's experiments, angles anbtended by
mhnqmaddanngedmwtazmmofno.thuh.ﬁom
mwbmbdmpnemdlndﬁmmmnhtojm
beyond pattern 13 Frumthodntlgirmfthnbtpodbhtumlcnhte
the anples sk d in Speh) # exper but his patterns
mmmm-ﬁvelymmsrmlumhwtﬁth
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thoss found with coarse patierns, in the present series "o not
yot inverted and response amplitudes still increase with jnereasmg
fineness of the patterns. MacKay on the other hand reports s
surface ~ negative wave at some 100 mses, which might well b
the mverted I" as found with fine patterns in the present experl
ments the largo surface - poeitive waro at some 200 meeo coukd
tentatively be identified with the deopened Z-wave in our exper-
ments He finds no marked mnfluence of fineness of pattern on the
amplitudo of this wave The range of unit square lengtha used by
AacKay ef al (2 to 40) includes tho length (15 to 0’) where
in the present experiments amplitude passes through its maxmmr.
This might well oxplain why no increase 1n amplitude with incresso
of pattern fineness wae reported. The amplitude increase with
increase of contrast level as reported by MaoKay ca was abo
found upon changing from 05 mL to 3 0 mL fiash 1ntensity in
the present oxperiments.

The region where in tho present experiments the cortical
optcenter of the pattern responso was located is well within the
area 1 which according to Spehlmann tho response manmum
15 located.

The rotation by more than 180 of tho equvalont dipole st
100 mseoc when instead of blank flashes patterned flashes ar
presented 18 1n agreement with the fact that tho (inverted) r
wavo bas its origin far back For o possiblo explanation of the
nversion a displacoment of maximum activity to more
layers might be invoked (also of Axormmy 1064)

42 THE BFLATION BETWEEN UNIT 8QUARE SIDE LEKOTI 4XD
BESPONSE AMPLITUDR

The way in which response amplitudo deponds on tho side
length of the umt squarcs composng & chockerboard pattern
(cf Bection 3 2) deserves conmderation This holds m particelar
for the sharp drop in amplitude sa the angle subtended by aide
length drops below some 20 munutes of aro and the length of its
retinal imago bolow somo 100 1 1) Limitation of resolution cannot

te

1) It is of interest to note that in complotely dilrent cr[x-rlnﬁ-‘:j’
(stimulation Witk simmoldally modulated lght) Srrxmesan (1968)

s sonilar depondenco of amplitudo on #quare sre
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very well be Invoked. Under continuons fumination il subpects
had *0/*0 vhrual ecalty under stroboscopie flamlnatlon as in
the experiments, it decreased to 1 /20 which ix stil sufficlent to
pereeive aubtending 2 min. Subjectively the pattern was, in the
case of the finer patteens, perceived ax a syutem of lines rather
than as an army of squares.

It appears more probabls that this bebaviour indicetes the
presence, in the sywtem, of neurcnal conbenons subserviog mter
actions over retinal distances of about 100 7 Of course it ks not
pecessary for such conpaxions to lis in the retina itself indeed,
the amomnt of processing dove in the penphery bs much lesa in
mammals than in fishes and amphiblum. Bueh an interaction would
then have s spatial extent which s over a fairly wide range of
{lumination lovels, independ of flash § As stated in
Bection 34 the patiern responws are to all intents and parposes

resporse
sk tuce
Grosrary unta)
0
Ty 33 91 338
degrwes)
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—— ot e,

O e e > - ————
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Fyg 17
Tetten repomse amplusles, s fenction of unh
red, green, and bloe flashes,

square mde leogth, for
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gencrated in the central foveel arca alone that is, in an ares where
only cones are prosent. The question arises whother the supposed
mternotion would extend to neuronal clements connected with
different cone types or be restricted to thoso connected with cos
type only Fig 17 shows the pattorn responso amphtudes as s
function of the anglo subtended by tho side of the umt squares
for red (005 nm) greon (552 nm) and blue (435 nm) flashes. The
ourve for red flashes practically coincldes with that for white
flashes It will be seon that the maxima do not eoincide This
suggesta that interactions do nmot oxtend from one aywtem to
another tho position of tho mamma suggosts that the spatil
extent of the internotion is greater for the blue syster than for
the others

SUMMARY

Tho cortien) rosponse to the prosentation o{pnttcm:dﬂ.uhﬂmtcﬂﬂl‘-‘d
with tho roeponso ovoked by blank flashes. Subjocts wero dark-sdaed,
and their pupils were dilated. Flash duration was 3 psce; flashes oro
prescented at */aco In tho black and white pattorna tho combmed ars
of black unita was ol to that of the whito onos. Total luminous flire wat
the same in the caso of patterned flashos and of blank flashos In the main
sorice oxporfments, unipolar leads wore wsed (active olectrodo 14 e abovy
tho iman, reforenes cleotroda at one earlabo, ground okectrode over veret-
Respanscs wero averaged ovor ~ sorkes of 100 flashes cach, with the aid
of a Nuclear Data Enhanestron computer

The principal results wero tho following:
1 The fully-developed rosponso to prosontation of a chrekerboard pattera
fs charactorized by an invorsion of I' and & marked deepening o Z3
2. Tho degreo of devolopment of(}mpuﬂommpamdcmndﬂm"‘h
squaro sizo; as patterns chango fram coarso (side kength in imagd o8
rotinn sbout 1000 u) to fina, I'—£Z amplitudo mcroaaes to reach » ok
mum ot an imege length of some 100 x; & further incrosss in flocoow
of tho pattern causcs a procipitate drop in rowpanss amplitodes
3 The position of the amplitude maximum is, over & fairly wido rango
of intensition, not dependnt on flash mtenaitys
Virtually all of tho pattorn responso i gonorated fn tho central foveal arce
t[‘horupamotonnn;npnnumnlwlymcmhht}-:mnhhnkﬁﬂhl
this meana that tho prosenco of interaccting contrast borders ks coscritiall
6 Duamond pettorns beit a pattern responso tho magmitude of which B
tho loss ax the acute angloe in the pattern aro sharper; 1ho reapons® 10
a pattern of equilateral trianghes i cqual to that evoked by & checker
board pattern of tho Famo unit arce; that to a pattern of isoacclos right

LR
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angled triangics fa lrger that that evoked by presentstion of & ebecksr
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THE INFLUENCE OF ALERTNESS ON THE AMPLITUDF
OF THE VISUAL EVORFD RESPONSF AND
ON REACTION TIME

Bl

W J RIFTVELD W k. M TORDOIR axp J R B HAGLNOUW

1 INTRODUCTION

In reoont yoars soversl outhors havo studied the effect of
attentivonces, induced by tho presontation of a warning signel
proceding o test stunulua on tho reaction timo (RT) when tbe
subjoct is instructed to respond in a prescribed way to tho te®
stimulus os fast as poasible Most of thom agreo that there i &
rango of timo mtervals botween tho warning signal and tho tes
signal where tho presentation of tho former diminishes the reaction
timo tho degroo of diminution deponding on tho aotual value of
tho interval Whethor tho warning mgnal is in the samo modahty
as tho test signal ls immateral The reduction in BT is supposctd
to ba duo to a shortening of contral processing hime

Tho alerted stato 1s characterized among other things, by rore
degree of inhibition or suppression of a activity  this would nuggest
somo hind of correlation botween diminution of RT and + blocking

On tho other hand attcmpts have been made to find corrclationt
botween tho reaction times on the ono hand and amplitudo and
latonoy of cortical responss clementa on tho other The opimen
scomn to bo rather generally held that ahort reaction times £
hand in hand with larger amplitudes and with smaller latencios
also attentrienoss s Neld to inoreaso responso amphtude It liay
boon shown howover that in vigilanco tashs where the subject
{s in tho attentive state tho amplitude of the cortical evaked
responso to a given stimulus may Lo cither larger or amaller than
i tho no task situation depending on whether tho task ia ea®

86
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Qifeult. Also the degree of « blocking In the attentive sate
mdmwmmm'mmnm\nﬁtyd\hmmmuumdtho
deg!mdhnbhmﬂunu!thamb}odwmepwdm This meana
that the whale matter of the relation between attentivences,

cortical evoked response a blocking and BT needa to be recon
adered.

Laxsrsa o ol (1059) sindied reaction times and s-blocking in
alerted and non-alected conditions. Text stimmuli were 10 mee tght
flashes wubjects wers instructed to prews a reactlon key in response
to the sttmuli RT's were measured with a Beckman electrome
counter activated by 1000/sec pulses the counter started at the
moment of the flash snd stopped when the resction kev was
promed. Stimull were prescnted at ftervaly varylng from 15 to
45 wce. The alerted state was bronght about by s buzzer signal
preceding the test stimulns by an interval varying from 59-1000
muste the varlous intervals bemg applied in random sequence
In the non-akerted state the mean resction time was 250 meee,
no matter whether at the trne of the stimulos a-activity was well
reloped ox partly or eompletely soppreseed

For boxz flash Intervals fram 50 to 250 mwes, a-activity was
wcompletely blocked and mean BT was 55 msee In the Interval
mnge 300-1000 msee, a blocking was complete 2nd BT fell to
*00 maee

The authors dercribe a progremsive reduetion of RT from its
280 mees valos in the unalerted state as the chek-flash nterval
increases {rom 50 to 300 mseo. A farther increase of interval
dwation has Lttle effeet on RT The authors point out that the
percentage of trials in which completa a-blocking oceurs inereases
from weto at & 50 mses interval to one hundred at sn foterval of
300 meee Theve facts suggest that a-blocking and reaction time
are governed b & common process which might well be activation
of the retlcolar aystem Why in the unalerted stats KT is fnde-
‘\md.m\n(\hn\ne\du-kﬁv&ylttbnmm&n\ni!thnuhﬂvn
nmﬂmnmhrhnlhon.ndarrhyﬂmintervdnngem
mirﬂrm&dupvlrdtomdudadhuomvﬂmwburnﬂrhu
pamed ity mintmem,
Dmmumdlunnxrunw)tmdladmc&mtmtom
mﬂummtbempandmgmbdmmm,ulmgud
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by means of & Mnomotron CAT computer A warning click was
given in all casea 1n part of the series the subject was spochlly
alerted by what is referred to as s feodback condition he was
told what his RT was and urged to shorten it.

Click flash intervals of either I 1§ 2 or 2} sec wero appled
in random sequence The meaning of this i uncloar sinco no farther
reference to the intervals 18 made and resalts are not grouped
according to interval duration tho only offoct of uaing varying
intervals would scem to be the unncccesary introduction of ons
more unoontrollsd variablo In general short RT"s wero foand
to bo assomated with large amplitudes feedback shortened BT
and increased amplitudes However in a no-feedback senes im
moduately following two feedback sorice, RT waslong but amplitods
remained about the same as n the preceding scrice. The expls
pation given for this dissociation appears rather weak tho prevons

sot encouraging the subject to competo with humself is mvoked.
Why this et would continue to affect amplitude rather than
RT iteelf 13 not clear

No warning mignal was given in the cxporiments of MORRELL
and MoReDLL (1006) who studiod tho variability of responso clement
latoncies and amphtudes and of roaction times under unvarying
conditions stimuli were (woak) 10 msco flashes given aperiodically
at intervals ranging from 8-14 sec. No statoment is mado ar 10
whether they were miven in random sequence or not. Data wero
procossed with the aid of o LINC computer Horo again shocter
roaction times were found to be associated with larger respoms?
amphtudes thero was no conmstont relation botweon respons
element latenciea and reaotion times. Experiments by RIETVELD
et al (1006) showed that nttontivencss ia not necessardy linked
to largo rosponso ampltudes in tho caso of both anditive and
visual vigilance tosks tho amplitudo 1a emaller when the task
is diffiult and larger whau it is easy On tho other hand tho degreo
of a blocking was found not to depend on tho attention Jovel
alone stimulus intensity as woll as habituation exert an infloenee
on the degres of suppression of a-activity

Theeo findings suggost that the pioturo according to whieh
thore is & smmplo assoclation botween alertness on tho one hacd,
and a blocking large responso amplitude and short RT on the
othar is oversimplified
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The preweat is & report @ exporiments wheso the dependenc
of RT's, evoked resp plitedes, and o on the
durathon of the intervad between warning signal (click) and test
dgm! (fash) was studled.

2. MATERIAL AND METHODS

Five normal subjects were used In these experiments the ex
perimental wet-op ws not taliks that of Lansing o

Experiments wers dons in a dark, soundproof elecincally
shielded room The snbject la weated In fromt of s *0x 20 am?
opal glam window piaced at 30 cm before his eyes, and onto
which flashes delivered by a G B. Btzrobotas can be projected.
Bereen luminares is sbout 50 ml. This low value was chosen
o minimize srtefarts. The poplls sre dilated by instillatlon into
the conjunctival eo, of 10 per cent phenylephrine-HCL. During
the experiments, the subjects eyes are open a pioce of plain
white papet i placed at & fow cm befors the eyen. The flaaher i
placed in a soundproof box 8o that Hta clicks are inaodible. Test
stimuli are offered at intervals varying randomly between 5 and
1@ ees Prior to thw flash 5 3 maes warning dlck {a ghven, an electrie
pulse being fed into an esrphone warn by the subject. Click flash
intervalsars 0 50 100 200 300 500 and 1000 maeo the fnstruction
ia to pres o resction key which stope & Beckman electronte connter
that started at the moment the fiash was oifersd.

One experimental sessdon conmivts of § series in each of which
all seven intetvala are used 20 times In rendom order m 140
BTy are determined in each serles whils, in cne sesdon, RT for
cach interval W messured 100 times,

L RESULTS
31 REACTION a8 A FUXCTIOY OF CLICK YLANE ISTERYAL
Rnn\mmnncfomm‘h)oet(mnndltmdudma{
lbtmm)mploncdlmdhkﬂuhh:mnlhng.h.
\P\khd«)lhuhthenmgnrm&nﬁxmnimndhlerh
‘bereﬂu}nunly‘maﬁemdulntu-nhnndqmw rying
between B and 10 seo. ™

h‘m\nmthsththetnundnnpfrmmtolnd
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300 RT
MSEC)

CFINTERVAL
250 MSEC)
200,
150
<
o 500 1000
Flg le.

Lincar plot of rosstion timo agninst O-F intervnd (ono subjeet)

including 100 msco RT's exceod thoso in tho non alorted state
Over the 0-500 msoco tuterval range R7 decreascs regularly with
inorease of interval duration from tho high of °00 msco ab 32T
interval to o minimum of 170 maco at an interval of 500 macd
« furthor intorval docrcaso rosults in an increnso in BT which
at o ono-socond Intorval 1 about 185 maco (RT Is back at *%
mseo after somo 10 200)

The relation botweon RT and intorval {s virtually tho samo for
all fivo subjeots as in apparont from Fig 1 whoro #T7s in per
cont of that at zcro intorval are plotted againat interval duration.

32 CORTICAL RISPONSN AMPLITUDE AS A YUXCTION OF OLIOK
FLASH INTERVAL
Fig 2 shows tho averagod ovoked potontials as rocorded from
tho ocoipital ares of tho subjoot to which kig la rofors. For cach
of tho intervals 85 rosponsocs woro avornged
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T PERTENT
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1 CF e
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5 500 1000
Fig 1b
Kormalmed Imear pot of BT o O-F mterval (all five qubjects).

In all cases a mrrface-negative wave at about 50 mseo after
the flash s followed by two surfaco-positive waves, st aboat 100
and *00 meec, respectivaly Thews waves can be tentstively Hen
tified ax B I’ and Z following the notation proposed esrller
(Ruervenn 1043} The teepouse proper - which has a duration
not exceeding 300 meto - s followed by marked after-oscillations,
whoss amplitnds does not seem to be syriemmatically dspendent
on el k flash interval. The L jes of recognizable P

‘ sre not Infl d the duration of the interval

Responeo amplitude an messnred between B and Z is plotted
aguinst cliek fash interval in Fig 22 (amplitodes In arbitrary
units). Clewrly there is no monotopous relation between interval
duration and responwe amplinde which has ¢ maximum for the
200-300 irterval ruage. N\ormialized amphtude re. fnterval plota
for all five subjwcts are given in Fig 3b Though the behavionr
¥ far lew regular then in the ces of the £T™, as witness the largs

wandard errors of the means, the maximam &t & 200 maeo intetval
sppers to bo well established.
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1000

MSEC—
o 500 1000
Fig 2
Ocelpital evoked potential for cach of tho O ¥ intorvaln (;
Fig la rofers)

wubject to which
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In view [ the low fresqoency of stimnlation, the quostion hes to be
aldeced whethac the d B-% n d by artifacts.

Elenltaneons recordings from oeelpatal and frantal Jeads are shown
Fig. & (chek-faah Intacral 0 meee). Though the Z-wavs in the oectpital
recordiog doss not colacide In time with the deep sarface-poaitive trough
fa the frontal potential, o changs I amplitude of the latter might effect
that of the vectpral Zamve. 1f, howsver frontal and oecipital recordings
@ roro interval are comparsd whth those at an mterval valae of 300 e,

# ppears that the Incrosss in oecipitel arnplitude at 300 mmo s
by decreass In wmplitnde of the frontal potenthsl (Fig 8)-
This warrants the temtative that inflo of

If the warrdng eliok shoald evoka o rospooas in the ooclpital wres this
might, st low intecval valnes, beoome superimpowed an the flush evoked
potential (Croawsx, 1948),

Averaged coepital Sollowirg st e of eliek
ad flash (saro interval) are shown, togother with thow following the presen
tation of the flash onfy and of the click only in Fig 6. In the cocipital
load hardly any effact of the cllok w t be ducerned, while ths respacse
10 the fmah only b, of amything, even wxrewhat grester than thas to the
ek and flash sumattansouly It follows that the flash syoked potential
" oot comtamomted by the revponss to the eliek.

VER avm
(ARBMTRAPY
UNITS)

CFINTERVAL
SEC)

300

Fg.
Linear piot of YER sarplitode
sgatt O-F interval cme st
Fig 1) ¢ in

1000
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PERCENTUAL
INCREASE OF

VER amPL

50-
CF INTERVAL
(MSEQ)

25
I
0 500 - 1000
Fig 3b
Normahized lincar plot of VER amplitudes agamst O-F interval (all fire
rFubjecta)

33 ALPHA BLOCKING A8 A FUNCTION OT CLICK FLASH INTERV AL

Alpha blocking following the warning sigoal could bo studied
1 threo of tho five subjects, tho othor two showing no appreciable
« activity i the relaxed stato Thero is no suppression of ~x-actinty
at mterval valucs up to 100 msee 1n the 100-1000 meco interval
range tho percentage of cases whero o activity is su st
the momont of tho flash ncreases with iterval duration as ®
apparent from Fig ~ whoro this percentage 18 plotted again<
Intorval length At an interval of 500 msce a aotivity is supp!
in 80 por cont of the trials at 1000 msco it ts still present in 10
per cent In tho subject to whom Fig 1 refera responso amphtudes
and reaotion times 1 a sories where the bachground EEG w2
desynchronized were compared to amplitudes and RT's 10 & serics
where ~ activity wns present at the moment of the flash As B
apparent from Fig 8 the amplitudo was larger in the non-dexsn
chronized state Reaction timo on the other hand was the rame
(105 msee during svnchronization as agunat 107 mseo during

« blocking)
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o 500 000
) RN

Buneltenecas recardings fron cechptal (Q) and frontal (F) dewds (C-F
mterval 0 mweo)

é§ éo

000 ° %00 1000
Fg 6
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0 and 300 meeo)
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4 DISCUSSIOMN

The main conclusion to be drawn from tho results obtained in
the present soriea of experimonts 18 that tho relation between
attentivencsa « blocking ovoked responso amplitude and reacton
timo is moro complioated than is usually assuined. More specifically
RT and responso amplitudo values aro not monotonically related
to the percontago of trials in which at tho moment the test stimulos
was dolivered « blocking was suppressed in fact amplitude fasa
through o maximum at an « blocking percentago of about ¥
(300 meco interval) and BT goces through & minimum at 80 per eent
o blockang (500 msoo intorval) As to the relation between t
blocking percontage and reaction times our findings are somenhat
at vananco with those deseribed by Laxstxa o.x. though mspection
of their figuro 2 roveals somo mmilarities on points which wer
not mentioned or not commented on in their text Tho description
of their figuro 2 runs as follows “Thero ia shown in Fig * the
rolaxed BT lovel at 280 msce  Tho alerted J'T curvo shows & pro-
gressivo reduction below thislovel as tho properiod of warning inerea
sca from 50 to 300 msco with periods longer than 300100 mace

CF INTERVAL
O MSEC

FLASH

MSEC ——
500 1000

Fg 0
Ocaiputal ovohed pot-ntil to simultancous clrck and flash, flash only
and cick only
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PerCenT
OF oACT! 11T

- FINTERVAL
! (MSeC)

0

Alpha-bloskig &1 & fimetion of O-F interval

very littlo farther redaction in BT occurs” The figare itaclf shows,
howeret that at & 50 msee interval, RT' cxeeeds that {n the relazed
state by eome 25 meeo, and that at 100 maeo it 1s down against to
the relaxed’ value. Aleo thers la an indloation that the BT passes
through w minfmum at un interval valoe of some 600 nwee, after
whch it tends to increwse again. These facts are in good agroement
with the present findingy The « blocking 17 interval daration
curve given by Lansing ca. bas an {nrerted-sigmold shape slmilar
to that found in the present investigation, the mein difference
Leing that, in their case there would already seem to ba some small
incidenco of » blocking at the 180 msec Interval valoe and that
sn their cane  blocking bs already found in some 50 per cent of
The casca at 400 meee. Thls percentage Is reeched, in the present
experiments at a l-second interval only ales the minimom h
far dreper In Yhe present case

The fact that foc interval values of 100 meee and lesa, BT in
the aleried wato bxceeds that bn the relaxed state needs forther
elarification, Tt may be of aignificance in this reapect that fn the
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4 DISCUSSION

Tho main conclusion to bo drawn from tho results obtained in
tho present series of cxporimonts is that tho relation Letween
attentivoness « blocking ovoked response amplitude and reaction
time is moro complicated than is usually nssumed. Moro speclfically
RT and responeo amplitude values are not monotomeally rolated
to tho porcontago of trinls in which at the momeont tho test atimulus
was delivered a DLlocking was suppressed in fact, amplitudo passes
through a maximum at an « blosking pereentage of about 83
(300 msco interval) and RT' goes through a minimum at 80 per cent
& blooking (500 msoo intorval) As to tho relation botween a
blocking percontage and reaction times our findings are somew hat
at variance with thoso deecribed by Laxsrxa c.8 though inspoction
of thelr figure 2 roveals somo aimilantics on points which were
not montionod or not commented on in their toxt Tho deserzption
of their figuro 2 runa as follows “Thero 1 shown fn Fig © tho
relaxed RT levol at 280 msco Tho alerted RT ourvo shows a pro-
gressivo reduotion below thislovel as tho preporiod of warning increa
sca from 50 to 300 msoo with periods Ionger than 300400 msco

CF INTERVAL
O MSEC

FLASH

CLICK

TN

MSEC ——
500 1000
Fig 0
Oooipital ovolod potcntily to simultancous click and flash flash only
and clck only
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by & Blocking which s sbeent in the 0-100 meee Tange not {n
thers any festmre in the first-ramed curve to aecount for the fact
that, st lntervals of 200 mses and over amplrtude decreases with
increase of interval

It follows that, in the oase of response amplitudes slwo a bloeking
1s ot the sole dsterminant, and that other 8o far nnknown, factors
must be operative

SUMMARY

In vs subjects the way i which the smplinde of the cortical rerpcrese
o prosentetxon of Lighs fiaxhes, and the oarresporsling reastion times depond
on the length of the interval between & waming elitk given pooc t  the
towt stimalos snd the fiseh feelf wus studied, together with the incidenen
of Hloehmg st the momant the flaah was ghven.

With miecvals below 100 mans BT L Jangee than in the non alerted stat 1

fergthy below 100 mwos: frm 100 meea np ita oecTenes incresset with

wecreas of nterval durtion until, st an interval of 000 sooond, it s preseat
® 20 par cent of the trals.

REFEREKCES

T BT A
2 207 (198s)
ey T A0t BB Lopuer T Bep Payvhol
""“;x"‘u;'u'p;:"‘ F Monxms, Electromesph. in Kearopbyuol,

Rorreocis W 7 Act wwwu,mum,
——— W EX.Tosomund 3 R,D. Haaxxorw Acta Physol
Neetl 14 13 (1966
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0-100 maco mnterval rango there ia no a blocking while for intervals
up to 500 mseo, RT diminishes as tho ~ Dlocking pereentage
merenses This might suggeat that, at least in the rmngo of short
click flash intervals, another factor tonding to lengthen PT is
operativo which i in the region whero a hlocking ocenra overridden
by the postulated BT shortening influence of + suppresmon Some
kind of interferenco bLotween sensory chaunels might well be
imolved The question then arises whether a similar inercase of
RT at low interval values over the relaxed value would alo
bo found if warning stimulus and test stimulus wero in the rame
modality Iuxperiments whero tho warning signal as well as tho
test mgnal aro visual atimuli and whero rctinal interaction is
oxcluded and iuternction at geniculato lovel ix minimized are
in proparation So far no oxplanation can bo offered for the fact
that at interval values over 500 meca RT (slowly ) increasca with
increaso of interval while a blocking further increnses
Comparison of tho 1 blocking rs Intorval aud responso amplitude
v iterval ourves shows that the marked and fast inerease in
amplitude in the 0-200 maco {nterval rango is not solely ocearoned

C [ INTERVAL 3 TNSFC

X BLO KING

MSFC - —= . - —
' - 500 1000

Fig 8

Ocelp tnl cvoked petntinle s period of Weynchronization and m the
rosenco of alpha-ethity
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bya-bbcﬂngwﬂchhnhm’t‘niha%-\mmmgu nor s
thmmyfutuninthnﬂmb—mmedmtoummbfortbﬁfm
{hat ot intervals of *00 mace sand aver ampltude decreases with
taerease of fterval

1t follows that in the cave of response amplitndes also & blotking
s Dot the sols determinant, and that other »o far mnkpown, factors
mast be operative

SUMMARY

In five subjerts the way in which the mmmplitods of the eartical responsen
1o presentatvn of lyght fashes, aod the corresponding resatioo thnes depend.
o the length of the mierval betwron & warning elick ghen pear ¢ the
tant, stimotus and the flesh Heelf wa studied, togother with the insddence
of Hlockmg t the mament the flaah wes piven.

\With Inteevals below 100 mumec BT fu Jonger than in the non-tlected state;

feogihs below 100 mere from 100 meet U 1ts SoewTTIncs incromses with
sorrease of micrval duration encil, et an interval of ane srosad, it e prosent
m 80 per cent of the tnals,
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TIME COURSE OF RESPONSE OF THE
MEMBRANE-COVERED OXYGEN ELECTRODE

nm

A. BERKENBOSCH

1 INTRODUCTION

In provious papers (BorrexpoacH and Ricpstna 1063a, 1063b)
tho offect of various factors influencing the steady stato responso
m amperometrio oxygen determinations with the membrane-
covered Clark cleotrode was considered in somo detail Among
ather things, oxpreasions were derived for the value of the diffusion
current and for tho temperaturo dopondence of senaitivity In
the present the non-steady-stato caso te¢ the time courso of tho
respouso will Lo investigated

2. THEORY
In the following tho case of linear diffusion in a direction normal
to o plano sourco will be conmdered TDhiffusion cocfficienta aro
assumed to bo indepondent of concentration
Lot inFig 1 theleft hand compartmont ropresent tho membrano
(membrano thickness z; solubility coofficient of oxygen in tho
membrane 8; diffumon cooffelent of oxvgen in the membrane

mambrane &actroyte platinum

Dy D2 7/
S Sz
S

3

DN
Fx 2 a7
L] x‘ - x L.



TN COURST OF REAPUTER OF TWR OXYOIN XIFCTRODT 01

Dyj whils the tight-hand compartment ropresents the electrolyte
(ry, 85, Dy} The product, 8, Dy, Is the membmno permesbility
Py smilady 3, Dy ean bo called the ‘permesbility’ of the sleo-
trolvie

Lat the frea wurface of the membrans be lu contact with a
medhmm of constant pOy, p and lot e1, oo, €4 4 Tepreaent oxygen
eoutentrations,

In cach of the compertments the rate of diffedon befors the
attainment of the steady state is governed by Fick s second law
defdt = D{dc[dxt)

Though thhy equation has been solved, for & varety of mitlal
conditions and boundary conditions, for the ons-leyer system,
1o geseral sointion is known In the case of the membrans-coversd

dlectrode the one-laver svstem s approximated If the contribution
to the rosponze of the electrolyto Iayer is negliglhle

1 O>s Lavze sYSTEM

Inittal and bowndary conditfons ars
€ wep for za~0
e1=0 far t~0
¢ =cy for xaxy
a0
0 z<x

¥y 3

According to Banera (lDol)Lholatdlmouhtofaxm
durin the time ¢ thmgh-unft-mo{thnmctubnmhgimby

Q"“’[Dﬁ‘é“;&it.f—)“"(”p%i)] )
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whero +=1 2 3
Eq (1) can bo wntten na

0 (2- 1) - (2350 e (- 2] -

o (B4) - 255 258

and sinoo ¢;=81 p and Dy 81 =Py s0 1 =p(Py/D1)
Py a t (-1
Q =P [(l z ) 5%'27-)' oxp ( DIM)] (1s)

The term (¢— (z12/6D,)) is negative zero or positive according as

o3 29 n?

I t )

<0D1 t ﬁ-b—l 01'1>M)1
Tho quotient z;%/8D; which in the following will bo written as t
can be used as & measure of the time lag of the ostablishment of
tho stoady stato It can Do ealled tho charnoteristio time of the
rosponso The uso of v was introduoed in & study on hoat conduction

by Jaranz (1950)
For time — oo the sum of the exponentials approaches zero to

Qv =P % (-7
and if gy = z1/P, is tho resistanco to diffnsion through the membrane
)

Q=L

At any timo ¢>0 tho diffusion ourront I 1s givon by It=n F ¢
whero 5 is the number of Faradava required per mole of electrods
renction F=96500 Coulombs and ¢ s the oxygen trensfer in
moles per sccond For the presont case whare four olectrons are
involved In tho proccsacs ocourring ot tho elootrode this gives

386000
22400

where ¢* is oxygen tranafar in ml per socond and sinco
¢*=—a (dQ/dt)

I = q*=17232¢*
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whers g {a membrane ares,
n-nma%? @)
Tt follows from Eqa. (2) and (3) that, for large ¢

1 1
vy -ar R il

» that,
e - }I.dz
a e
and
1
r-IJ—- { Iat )
—_—

whete [ 18 the steady-utate value of I at time ~ oo

It follows that in & plot lke that of Fig 3 wheve (Iy/J) 100
Is plotted agaimst time the ordinate erected at time 7 Intersects
the reyponse o time curve at the point for which the shaded
arees gre equal

D

Fig 3
Rewporm curve of an dectrads, ay defovered
fa wbrualy changed from xero t 490 rum

FEP Tempersture 23 C.

Ly the recorder At (w0 p0,
Hy. Membrane §7.3 x Teflon
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It follows from Eq (la) that for tmy

_£[_on 2(-1) ( r"r’)]
\ I3 ~151)1§ - P\~ o
v =0 =
alues for - oxp 5~/ are
for LD —0103

rel +0 0003

r=3 —413x10-*

It followns that if for ¢ 7 wo negleet all Lut tho first torm the
Q value 18 still correet to within a small fraction of one pereent
For t>r Eq (1a) can then bo mmplified to

(t-1  ,ns ( Dl-rl):l 5
Q=1p [—91 + S oxp | — ] (3)
From (3) and (5) it follows that for {>t
: %)

Iy = 17232¢ =] 1-2 - )
! ‘ 91[ BXP( ot @

and for tho steady stato response at time — co
L=17232a Lot ap D 0

01 I

Tho senmtivity o 1¢ the steady-stato diffason current at unlt
oxygon partil pressure thus oquals ¢« 17 32a (Py/zy) From

1.-1.[1—- oxp(-ll‘rg—')] [t}

wo havo

I-=I Dt
e -T5) o

I—1I, Dt _ Q‘_ ' 0)
log L=t = 0301 ~ —pry = 0301 — 4 8875 (

It follows that for t>7 a somilog plot of (I —Ii)/J sgainst
timo will yicld a straight ine with & negativo slopo of 4 80(Ih/n?)
and which when produced has its g—intcreept at log



TOSE COUME ¥ YTRSONSE OT 1EX OXTOEN FLECTRODE 303
For (=1 Eq (8) becomes
Ead
pug=y [ P —0.386) =084 T
1-1[1—26.!11( 6)] I (1-02388)
mtboimtnhm\-dmof[&(hnﬁmer—ﬂl(pemﬁtofwe

steady-state valus It ts ako eaxy to ealeulste the values of ¢ at

whith the response is 60 95 ©9 percent of Ip. A few values
ars coltected in Table 1

Tamix 1
¢ (113 100
a4
142y w0
224 [ ]
m w
463 W

-2 Two-laYER FYSTEN

Thr case obtsins when the influetxs of the electrolyte layer s
not neghgible In thome arrangements wirere a medium such ax
etilophane or filter paper bo interposed the aystem s four-lavered
(membwane-clectrolyte-medtum-eloctralyts) but the influence of
the electrolyte 18 very amall eompared to that of the membrans
and the interposed medinm, so that the system approximates o
twolayer arrangement. For a mutti-layer system conmting of
# layers with resistances o1 g2 and characteristio tines 7, 1y,
the value of @ will. for Jarge values of ¢ approach

Q=~plo*amr o) ¢~-T%
Where T Iy the charaeteristic tumo of the response of the xystem.
Feuthr mpenkang, thoe expreeaon bolds only £ the teee whers partition
™ equal indy a0 there are Do conceniTalon Jues ot the interfaces.
ﬂnﬂmMmhanbu&nmwm{ww
ovdficwtsonn f the  values, and this of the ¢ valaes,
Jaxors (1850) bas developed & method to eglenlste T+

Pw;t\uhyﬁqmthuupnnioudu-}rcdbylugeruuh
written as

o P1n - 3n) ¢ Gl + 30)
™ eter ' {10)
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It 13 to bo noted that in tho caso of o two laver avatem Injl,
will in general not be equal to 0614

In tho steady state tho contmbution of the clectrolyte to the
diffusion ourrent is neglgible if @3>y this need not necesarily
be the caso beforo the steady atato is attained
For p13»0: Eq (10) can bo simplified to

T* =1 + 31y + S’;(r + %)
and sinco 33rp;/;
T‘—n(l +3§-)+3r: (1
o0
For cleotrolyte layers of & thickness of a fow st as is tho caso when
tho membrano Lies tightly against the cleetrode T3 doca not exeeed
ono or two milliscoonds #o0 1n general 13>t

For g 1T tho effeot of the clectrolyto layer can be
negleoted n the non-steady state also

23 IXTLUENOE OF TLMPLRATURE O\ RESPONSE
The influenco of temperature on the diffusion cocflicient is given
by
*
Do = Dy oo (- 1) a)

whero Ep is the activation energy of the diffumon proceas.
Sinco 7=3/0D; wo thus have

E Fp
T 8Dy, PA\RT

Fp
log =r = log 7o 4 gy

2
where o= gD and
-]

log 12 = log vo + 218 64 Fo/T 13

A somilog plot of v against thie reciprocal of absoluto temperaturt
will for & one-layer aystem yicld a straight line with a postive
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dope of 218 64 Fp. The same applies to anv valus of 1T b
rhkhngiren[ncﬁonufdwfuumpowhnuined.

Intbounofltro—hyerlmanthcmuno-lmphrdnbm
between 7 and femperatore. Vith increase of temperature the
diffuxion coeffickent increases solubllity In the electrolyte dimin
hhn.wbﬂothntuﬂwmembnmmlydtberincrunmdm
depending on the brane material G fy r will d
with increse of temperature

3 MEASUREMENTS

31 rrmons

\eaprements nere made with cireolar phatmum eectrodes
Standard electrode diameter was 1 5 mm. In & separate serres of
expetiments. electrodes of varging dizmeter wero used to seo at
shich mictnum diemeter of the electrode the diffaston process
can for & given membrape thukpes st be consddered ax being
lisear The ref rence electrods was of the Ag type Teflon FEI
membranes (Du Poot) of varions thicknesses wero used

The electrode sa prewsed against s plece of membraue of &
rurface area of 370 em? which had bren weighed beforehand so
it average thickness conld e ealenlated from its weight, arce
ard density The membrane was not stretohed.

The thicknews of the electrolyte layer wus minimal (a faw microns).

Step changes in the p0; of the gas flowmg aloug the electrode
coald be made with the aid of the gas gun” plctured in Fig 4,
m which the electrode was mounted. The cutlow orifiee s, of {he
punger b which del vers an Oy~ \y mixture of known composdtion
can abuptly bo moved from position 1 where no cxygen fows
alng the electrode to poation ., whers the gas roixture fowing
dlong the lertrode ha & known oxygen periial peewsure with
th ad fthe pang  aod the lever d. This takes abont 3 meee
& mes ured w th the axd of a ymall metal plate mounted on the
jrArmdiog part of th plunger & bears of Ught and a photo-
trami tor In pomtion | the beam of light falls on the photo-
innator the oatpat of which is displaged on & CRO serven, In
| ~tun the plate interropts the beam and ontpat iy zero
Whea the plunger moves from position 1 Into position -, phato-

\‘rlnq\tur outpot ha fallen to § percent of its foll valus within
mr



-
N;O mixturo

Fig 4
“Gas gun  For oxplanati m sco text

Tho gases (flow 150 ml/min} aro passed through humdifiers
filled with & saturated NaCl solution relative hunudity was 75
porcent 80 condensation on tho membrano of water vapour
upon eooling was proventod

Humidifiors gas gun and cleotrodes wero iuniersed in a thermo-
stated water bath Tomporaturos wore constant within 005 °C
ather way Standard measuromonts wero carrlod out at §°C
Diffusion currents wero measured with the ald of & Honeywell
153\ 16 {-sccond rocorder with full-acale deflection at 10 m}
Tho response curve shown in Fig 3 wns delivered by tho reeorder

According to Roarms (1004) tho pormeability of Toflon FFT
at 25 C s

ml (sTT) om

(Pr=) 800 x 10t ey g

For a membrano thickness z; of about 00 as used in the
majority of exporiments the rcsistanco to diffumon
g1=T1/ Py ~ 1047

For a p1 of about 10£—10% as 13 tho caso whon the mombrane
is pressod tightly against tho oloctrode g;%ps =0 in tho steady
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mumdmhmmhwmmhwmm
bo conddered as & onelayer syater.

From messured talues of [, Pi oan then be calculsted onng
Eq (T}, while D, can be found from Dy—nt/ox The solabllity
coofficient, §1 equals Pu/Dy Activation energies can be computed
from the temperature depsndence of P and D

3. Brsoums

3.1 Time cowrs of reaponss calewlation of permsability axd
of diffusion coefcient

A wmiflog plot of (I —1;)'] agalndd timo foc & Teflon FEP
membrane of u thicknem of 5§73y at 25°C, s ahown In Fig &

Fg &
(et Fag 31 Bemubog plot of {1 —1] againgd timw.

At time sero pO; in the along ectrod

g flowing the e}
-b'mmlrcbangedfnmumwﬂommﬂg whlad:nm]tcdal:u
steadystate diffauon amrent of 1.58 wA. *

The
plat ahows fnlgmemcn:wlthl}q {9) thas for tnr o
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struught lmo with o negative alopo which when produced has
ita y-intercopt at log 2 is obtamed

tig B ahona that th diffuskon curtent attnins 61 4 pereent of ita sfesdy
tato valuo In 23 8 sce. A\« 1 marked in Seetion T oabout  nece x

T*> 1 Togethor with the fact that g o1 this means that kq {11)
chonges to T ~1 o Jum ngain thoe influcnco of the clectrolyte layer W

noyligiblo
Tutting the numerieal valuea for I, a 2 and p into kq (7)
wo obtain
I’l
- - 232 7 —_ 4D
Tyr 168104 1723921 767 % 10 Taxi09
ml (8TF} cm

) - 1
Py = sasxio em? see em Hg

which value s in good agreement with that given by Ilogen.
From v=ay /6Dy it followa that fort 5 6reo zy= 07 3x 101 em,

D= T 14xI0 3 (em? oo 1)
(114

and
Iy ocoo~x1012

e rearais 283510 4 (mljem? em Ilg)
1 - X

8y =

122 Influence of temperature culeulahon of aclivalton eReryicd

Tig 6 in a semilog plot of (I ~1)// againt time for & Tellon
k11 membrane of a thicknera of 58 3 s and for tho temperatures
indicated Agaln the produced strnight Jinca obtained for ¢ voltes
>t mterscet the zero ordinate at log
An alteinati o woy of oo nputing £y at ny mven ten portur m o cnleulate
it feom tl negathn W po (1 correa m ting stenytht Tmos wur g L (8

Fign ~ and 8 arc respectinely  sumilog plots of the diffusion
cocfliclent and of the 10 pereent reaponso time (1 87t of Tnblo 1)
againat tho reciproenl of absolute temperature Flither ean bo
ured to compute the actinvation energy of tho diffusion proccs
by moking uso of ks (1-) and (13) respectively
Using k4 (13) wo have

1740 sco R=_1864 Fp 80 #p 80 Lkeal/mole
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tisaq)
\ \\ \
N,
Ay N N\,
vdt\\n‘c o Sh\me safe
3 \ S, \,
v N N AR Y
oo YN Y S
[¢] >0 °0
Fg &

Bemnilog plot of ([ —1) ] sgainet time.
Aembeape  85.3 « Teflon FEP

¥ 3 34
s ¥ 7
Fewdg of the diffiruan coefBierrnt aguin the
reciprocal € the abwctute
temperatare the



80
a0 -
20
a lw(:cc)
0
Bk
»
10 ! ' '
3 33 34
Fig 8.

Bemilog plot of tho 00 porcent romponeo timo agakmst the reciprocal of the
abwoluto temperature.

Bosidos D; Sy also oboya {ho Arrhonius rolationship aocording to

—All (14)

whero A2 is the difforentin] heat of solution From Fqe. (12) and (14)

iy
Pix = iy expp
whoro Ep=AIl4 Fp

Epr can Lo found from scneitivity measucements nt different
tomperaturos and 11/ by subtraoting Fp from Fr

Renults of moasuroments on Toflon b P types %00 A and 100 A
(thicknoss 2 and 1 miili inch respeotivoly) aro collocted in Table 2
Values for P and Ky aro in good agreement with thoso given by
Rogors (890 x 10 1% and 5 8 reapeotively at .6 C) It is worthy
to montion that at 25 C tho solubilits of oxygen in Teflon FFP
15 about 7 to 8 timea that in wator and that as ia apparent from
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L
A
s mmHg
e 1w 22
77 305 I
w71 13 WD
He 120 B3
%3 103 02
4 313 22
w7 31 o
515 308 M7
N3 ann 28
B3 1w
53 rm M
sverge
71 883 AW
ny B v
fs A3 472
He a8 8.08
e 641 oe2

M2 710 ¥
He €63 891

Tanix 2

250

b
9

8

wo pleoliter (errj mm ot (7] Eeal
cn we em B eo emf em Hy mols
598

210 184
518 07 179
583 JLES baed
598 203 1.
554 200 2,
592 11 281
a0 11 173
[ ] 0s 243
808 17 T
601 O 388
543 188 289
558 0ne 385
9 2058 288
90 EIS SN £ 1Y
s 203 1
897 pLE ) 101
LE1 08 1A
583 LS .01
588 W0d 287
803 0.2 29
591 193 3.06
38 0.0 208
801 204 p X )

E
et

&7
8.7
s8¢
6.0
&7
57
81
53

54
[ %]

50

[
BT

el
£7

BT

]
©

geeepposent YE

-
-

18
18
18
i
a1
78
7.8

w

FIt

—~21
-3
—1.0
—16
-7
-13
~24
~27
~13

—23

—~23

the fact that AH b negative it dimsinwhes with increase of temper
aturo As the abwolute valus of the positive temporatire corflajent
Mlhewndmem&kntnmdawdtbompﬁmmm
coeflicient of the solubilty coefelent the tempersture cosfeient

of P i poudtive but lems than that of the diffmslon coefliclent. As
» reelt of this, the inflnence of temperatore on 7 ks

sronger than that on semsitivity ie
of the diffasion emrrent

on the steady-atate valps
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323  Influence of membrane thickness and of clectrode area

Bineo 7 is direotly proportional to tho squarc of membrane
thickness a linear plot of v againat 2t should yield a straight Lo
passing through the origin Values of r as found {n the measurements
oollested 1n Table 2 aro plotted egainst z,3 in Fig 8

In practice tho theory of one-dimenmonal diffuson in & plane
gheot applies in those cases whero the thickness of tho sheet 1
very small compared to 1ts surfaco arca so that virtpally all the

‘TaBLN 3
moan d (axn)fa
thicknoes £; fd
M mm nA/mm Hg em
250 50 0 0052 0838  ad 001
150 00l 3 085 wd. 0039
040 0 0848 0849  ed 0.00
020 013 114 ad 0104
0020" 125 806 ad. 103
58" 50 00117 0853 s 0,037
150 00302 0868  ad 0025
040 0147 104 ad. 0100
040 0204 1548 ad 0162
0 /
.
20
T (s8c)
0
X (p)
»
1
o 2000 4000
kig ©

¢ a3 & function of tho squarc of membrane t! kckners-
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dl&'mmumb«umpnmthmughthcphmfmmdmhlna
through the edyes

The results of te made with electrodes of 8 mm,
1% mm 04 mm, 0. mm and 0 0% mm and with membranes of
average thicknesees of 59 and 88 74 are collscted fn Table 3 and

23 os 2
Fg 10
Tevmiron of mewsared valoe of P from caloolated valoes
of

» funetion
nMd

shown {n Fig 10 whers the normalned deviations of measured
values of P from calculated values are plotted against 7;/d where
4 b gectrodo drmmeter It will be seen that to obtain reluble

resalts thus ratho should nat exceed 0 05 This fimits the nse of very
small electrodes

4 COMMENT

The throretical and experimental dats presonted in the foregoing
show that oxvgen amperometry with the sid of membrane-covered
¢lectrodes according to (lark furnithes o convenlent way of de-
termining the diffasion coeflicient of oxygen In hydrophobie
membranes of thew permealBlity to oxygen and of the tespectire
st vation energies. Permeability mearmrements made In thls way

#re more accurate and far lews time-consuming than determinations
of permeability by eonventional methods.
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SUMMARY

The theory of amporomotrio oxygen daterminations with the membrane-
covored Clark cleotrodo ia farthor developed, with partrcular reference to
tho timo-ocourso of tho rewponso. It s shown that if the contribution of
the eleotrolyte to the response can bo neglected s s the case when the
membmno s proved tightly agamet tho clectrode determination of the
time in which tho diffusion current reaches 81 4 pereent of ita steady-etate
value offers a convenient method to dotermme the oxvgen diffusdon cooftiernt
in tho membrano material Smee as remarked fn & provioms paper the
membrane pormeabllity to oxygen can casily bo determined from the
stendy-atate value of tho current at lmown pOs tho solubflity cocfficient
for oxygen can also bo computed, whilo tho reepective activation cnergis
can bo found from meanirements at difforent temperaturea,

Experimental data are in good agreement with tho theory Vahwe for
tho pormeability and tho acthatron encrgy of tho permeability proces
aro in good agreement with values dotermined by other methads

Tho solubility cooffalent of oxygen in Teflon FEP i, at 25 °C, about
8 thnes that In water; it diminihes with ncreaso of terperaturn
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EVALUATION OF & LACTALBUMINS AND p-LACTOGLO-
BULINS OF COWY AND BUFFALOES BY
FLECTROPHOREYIS AND COLUMN CHROMATOGRAPHY

»r

R. B. MAWAL

a Lactslbuming and f-lctoglobulins are the major whey
constitpents of mature milk. AscHAFFEYSURG and Dxrwar (1035
1857a) demonstrated the presenes of two geaetle variants flasto-
gobulm A (#-A) and f-lactoglobulin B (4B) In cow's milk, Brie,
{1062) reparted the discovery of o genetically determined third
variant Hactoglotraln C (-C) having & still slower mobility en
the starch gel electropherogram than ejther of the two All thews
polymorphio P ts have approximately the sams moleonl
weight of 36000 snd each conzists of two identical polypeptide
chaing (Towxexp Kippy and Toeasaerr 1981} with N-termina]
leutine residues and C-terminal isoleuedne residnes (Praryxer-
Coxmar 1935 and 1038 N and Framaoo-Covaar 1835
Kapay Guerxwrzo and Warrex, 1963) Amino scid analyss
bay ahown that the difference in electrophoretic mohilities arises
fram thoe fact that ons mole each of aspertie acid and valine in
£-A u subrituted by glycine and alsoine repoctively in AB
{Goxpox Basm and Kavaw 1061 Prex, Davir, Forx and
GLaDxER, 1901} while the amino aeid compovition of 40 fs simller
10 that of B except for & sabetitution of glatamic acid in £-B by
blstidaw 10 4-C (Kazax ef al 1985) Baffak flactoglobulfn and
cow 5.1 have approxd ty the same molecular weight and are
practically indistinguidable m electrophoresds, nltraviolot abaorp-
thon, scdimentation (8ex and Bryma, 168ib BuATracHARTA,
Rorcuotprcey Brxma and Sxy 1983) and tryptio peptide
attern {Mawal, BaRxasas and Baxxamag, 1985} tmt they
diﬁﬂhﬂmrq\hwdhbe}urburmmﬂdbomdq.h‘pg_
moldlities and charges {Bex and Boma, 1981a}.

nr
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Cow « laotalbumn 18 o single ohain molocule of molecular
weight 16 000 and it N terminal is glutamino and C-termbnl
leucine (Wri and Sxroies 1081) The polymorphiam of th
protein typo oocurs in tow breeds of African Zcbus namely Nigerian
White Fulani (BLuaspera and Todns, 1058) and boran cattle of
Renyn (Asamayrexsura 1063) whilo 1t is absent in Jeelandie
British (Brumnera ef of 1068) Danish (MousTaasrn MoLler
and HABSKOV-SORENSEN 1060) and North Amerfean (Holstel)
cattlo (Prowatax Towxsexp kippy and Tnusncre 1030}
BHATTACIARYA of al (1963) havo obacrved polymorphism in both
« Jnotalbumins and f laotoglobulins in Hariana, Sahiwal and Deshi
breeds of cows 1n contrnat to buffalo breeds whero a lnetalbumin
and 8 lactoglobulin are monomorphio

Soncr and Prroreox (1064) and Perrrsox and Sosrn (1034)
havo introduced oelluloso fon exchnugers for the fractionation and
purification of protoins. Y Acuont, JeNNINGs and Tanassok (1059)
frnotionated milk protens by anion exchango ocllulose DEAESF
(Diothy l-aminoothanol on Solkafloo colluloss lattico) and indicated
that a good resolution can be obtained provided the corditions
with respeot to tho pH nature and conecntration of buflir as well
as cluent aro satisficd Somopur, Hroinprenr and FareLAYH
(1050) roported frnotionation of whey proteins Into cight distinet
fractions on n DEAE colluloac column by clution with ammeonmum
acotato buffers. The use of DEAE celluloso columns employing
gradients of sodium chlorido in phosphate buffir between pH 0
and 66 for tho scparation of cascins into their componcents and
whey protelna into a laotalbumin  B-lactoglobulin and {mmunc
globulina s reported (Yacucn: Tanragsik and Humkcr 1001
TARASSURK and Y Aquonr 1062 hurtrou Himosmy and KATUIIRO
1064) Prox of ol (1061) havo also deseribed & proceduro for the
resolution of f-AB into f A and B on DFAF cellulose columns
by using linear gradienta between 0 0u Al sodium phoaphate buffer
pH 58 and 005 M sodium phosphate buffer pH [ 8 containing
0 08 Al sod{um chioride Reoently haraxetal (1805) Itas ¢ reporter)
& DRAE celluloso column chromatography proceduro for the
soparntion of f-C A B and f-A with increasing sodinm chlorulo
gradient in o constant phosphate buffer (005 M pH [ 8) at room

temporature .
Tho present work desoribes typing of cows and buflnlocs for
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thetr « lctalbamin and #iactoglobnlin contente It also dencribes
DEAE cclinlose eotummn chromstography of o lactafbumine and
Slactoglobulins from thelr milks,

MATERIALS AND METHODS
survey on the cocurrence of f-lactoglobuling and
T B e et to rominant to Western
Indis, Txu breeds of eows, namely Gir and Gavathi and two
breeds of buffalocs, Jafiarabad: and Surt}, were studied. Podigres
record of Qir breed cows wsy maitained Mk whess were
according to the method of Ascrarreyavee and Deeszy
(1037b) with suitabls modifications. The whole mifk (100 ml) after
treatment with anhydrous rodium sulphats snd ammonkum
solphate and subsequent operations was concentrated by per
vsporatron The cow and boffllo breeds were typed for thele
constituent f-lactogiobeline and « lactslbumms by subjecting the
contenirates to paper elcctropbarests at room trmperature a
10V 003 M sodlum barbutone-hvdrochioris acid buffer pH 8.6
usprg Whatman Yo 3 M paper for 18 to 17 hours The typing
procedure wa applled to milk asermples from 83 cows of Gir beeed
*0 con  of Gavathi breed and 25 ewch of Jaffarabadi and Surtl
Leeeds of buffaloes Asmmmg that the genotvpes correspond with
the obw v 4 ph notvpes, the gene frequencies were obtained by
coanting (Table 1) Milks from representative cows w hich contained
AL AB 4B 4 Buand AB were wed. Sinoe brfialoes
were monomorphic with respect to +lactalbumin and fHlactoglo-
balm spetial care in the ackection of nulk samples was not necemary
The + arall and A lobuling from the milks of eowa
and buffafocs w re ervataltized] aecording to the method of Ascaar
FI¥BURO fal (1037h). The f-lactoglobuline weer recryatajlized
thre times while rcrmdalination of sdactalbomlns sy continued
i they were free from serum albumin as was evident from the
thectropherogram
The DEAL eclinlowe (Bio-Rad. Lab exchenge capacity 065

@meq 7) Nas regenerated by washing with 0 1 3 sodiam bydroxide
O bydrochlorie seid wnd finally equilfbrated with 00° 3\
pho~phate baffer pH & & Twenty mil i of ench o lactalby

e fhastogiotalin were diwolsed in & ml of water The samples
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woro first dialysed against distilled water to removo adhering
ammonium sulphoto and then oquilibrated aganst the starting
buiffer The samplen waro subjected to chromatography on DEAE
eclluloso short column (3 0 om X 0 0 em) ot room temperature The
ateprriso clution of these proteins was achloved wmith different
buffer systems (Tablo 2) and eflluent was collected in 5 ml fractions
with o flow rate of 50-00 ml por hour Tho concontration of the
eluted protoins wna determined by nbsorbancy measnrements at
280 mu

RESULTS AND DISCUSSION

Tho elootrophoretic studies of both breeds of cows, Gir and
Gavathi indleated polymorphism The results obtained are pre
sonted in Table 1

Tastx 1
Observed and expected | of flactoglobuling and alockslt
(0)  Blactoglobulin
: | Phenotypoy | Frequener
Broed Total | e S e e
‘ AJA | AT . n/ms I\Gom}n—ﬂmo
G Ob~, 4 '3 f 47 0141 | 0.8
Exp 4818 3038 / 4783
Gavathi Olw 20 0 11 f ] 0275 | 0728
Fxp 1512 7073{ 1080 |
e 1 _ e e —
(b) a-artalbnonin
1
Gir obe | 8 1 I 41 | ;1 | o3m | o8l
Exp 1105 | 3008 | 3106
Gavathi Oba -0 3 0 | o7 o400 | 0600
Fxp. 3.20 000 | 720

Tho obscrved and oxpeoted gone frequencies of f-lnctoglobuling
and & lactalbumina are m good agreement with tho Hardy Welnbers
formula with the exception of f laotoglobulin of Gavathi breed
in which cass & mmaller numbor of samplea was nnalysrd. The
frequoncy of tho A gene of « lactalbumin s in good agreement
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with those observed in Hariana, S::?;l-ndamdbmrdad
Isdizn eows, while the frequency of gene oglobulin
hhlghwlhwthatrrpumdhzdbﬂheedxdlndhnwn
(BHATTACTLARYA @ al., 1983) ASCHATYEXBURD ¢ al. (1063) Brox
siro & al {1958) and Prowaax o al. (1059) have reported &
frequenty of the A gene of fHlactoglobulin between 0.23 and 0 &
and the abeence of the A gene of a lactalbumin in the breeds of
Exropean cows. Our finding that the breeds of Indian cows bave
» higher frequenay of the A gene of a lastalbumin and & lower
frequency of the A geme of f-lastoglobulin than those observed
tn [rreeds of European cows, agrees with the obeervation of Baar
TACHANYA ot al (1863)

Ko polymorphism was obscrved in a-lactalbumin and p-lacto-
giobulin in the milk of both Jaflarabedi and Burti breeds of buffaloex.
Only ene type each of alactalbumin and flactoglobolin was
Tresent in thefr milk. Buffalo a lactalbumin chawed a stightly
higher clestrophoretio mobility than thst of cow a A

The atepwize cluthm of cow a lactall and 21 alobualk
on DEAE ecliulove columm was achieved with buoffer systems,
as shown In Table 2

Tbeelmbomtemnfthmprdduhwedﬁnﬁg 1

T wia 2
Sehedils of duting buffers and procving duted.

Bufter
= Protem eluted | Enithg Baffee
1 ]um:x-ﬂmm
buffer pH &8
1 Cow  Jwotalbumi B 0.00 ) sodfom
budter pH 59
1 Cow Jactalbumen A and 0.00 M sodtem phost
baffalo  act Mhomn bufler pH 58
n Berum aftngnm 0.03 M podizm
buffer pHl 58
v Cow flactoglbim Dand | .05 M sodigm
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030
o2y Buftalo g
and
cowp B
on
001 Buffalo
o e ¢ Serum Cowp A
Cowa A albumin
010 Cowa B
aos
0co -— ~
1do ) 100 500
Butter Butte Auft Bulter
1 1 it 4 i
Tttiuent m(
Fg 1

Tho efluent dumgran f o Inctalbuming and g lnct sl 1ulims on DI Ak
coftul »o enlumn

Fven though tho clectrophoretio molulity of bulfalo a lnetal
bumin 1 alightly higher than that of cow 1 Inctalbumin A the
stepwine elution pattern of hoth protuine seems to be stmilar on
the DFAI eelluloac column The con f lactoglobuln B and buffale
f Inotoglobulin are mimilar fn heving the mame eleotrophoretio
mobllity and clutlon pattern on DF AR collulom columns

The try ptio-chymotryptio peptrde pattcrn analyres of native cow
a lactalbumin A cow « Inotalbumin I3 and buffalo 4 lactalbumin
have shown that those brotein specles have differing peptices
Similnrly 8-sulplionated deriyatives of cow # lactaglobulin B and
buffalo A-lastoglobulin worc found to (hifir in ther {ry plie~chymo-
tryptlo peptide pattern (unpublished)

SUMMARY

1 Gir and Qavathi breed of cown amd Joffarbads and Busti bread of
bulfalocn w ro typed € e ¥ lactall um o ard fl lncy gl 1 1l contents @
theie itk

3. Tho freq oney of the \ gene f Alactmd t hin n both the ket of
cown war allghtly higher than that deen vl n Farana, Sahiwal sod

Dealif breed  of Indian cown
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I.Thfrwdthx\rmulahuulbumlnhbod:thhwd!d
wmhmwv&h&mwhm}xm&d
Indian eows.

4 % polymorphisn wae cheerved fn Jactaltnrmin and flactoglobalin
1 elibee of the breads [ bofalors. The bruffaloes had only aoo type

colum we achicued by molertty gradient m phovphat bufer pH 5.8
et Yatex by mmolarrty gradent of sodiom ebloride fr O 03 3 phospbate
tafer pH 88,

ACKXOWLEDGEMEXTS

The aathoe 13 thenkful to Principal T Barnabas for his keen
intercst. Tho suthor » gratefol thanks are due to Dr J Barnabas,
onder whaeo superviion the present work was catried out during
the tenure of & Benior UG C Fellowahip His thanks are also doe
to the Unrrersity Grants Commisslon for the award of Sentar
Restarch Fellowshp

REFERLNCES

Ascmnomias R oend 3 Drxwxr ¥ twe 1764 218 (1953).
~ —wmd —— — Sanme 180 3 6 (1957 ).
~ - and —— Buwchem J 63 T3 (105h)

~— =~ m Man ami Catthe Bympowum on Domesticstion (Roy  Anthropel.
R London) {43,

Bru, K Xauwe 193 03 (1061)

Butmaw 4B D L h Rorcwo pwrar N K Sowu epd A, Bxx
Natwe 197 9 (1ma3)

Durssces B & oasd 3P Towm, X ture 1813 653 {1938).
Furnke(o s H J Am. Chem. Soc. 761 3608 (1934).
J O lar Cwnp, Thywel 47 132 (1034
J I Bwxand E B. Razax J Bl Chem. 236; 2008
M

W rra, Buchem. 4; 09) (1043}

¥ Biochem. (Jupan!
73 (10eqy ¢ ) s
Mat LR D T Banam wnd J Bamxasas, \sture 208 245
178 (1
M e 11 Molra end P Hamrxo . y

Sosrxszx Ann Hep,

< A and Aene cvu.cmrngm.uhum Rov
€1 and [T Faosoesto g J Am.(}l-m,ﬂoe.ﬂ\l!\l(\m\.

Triewoy B A et 1L M Bowrn, J Am Chetn. Bie T8 31 (1936).



3 R. B MAWAL

Pz, k. A E W Davir, J E. Forx and J A, Granwz, J Bicl Chern.
236; 2911 (1061)

Trowsax R. D, R E. Towxs=wp C. A Kby and 8. N Toiumrr
J Dalry Bol 42; 023 (1856)

R, N Hrmw and D Excxisiay Mikchwiwerchatt

14 432 (1950)

8rx A and N K Spma Bullotin of tho Natlanal Inatituto of Scines of
India, No 29 (1961a)

and Nature 190; 343 {1861D)

Sopxr H A. and E. A Prrerson J Am. Chem. Soo, 76; 1711 (183}

Taranstx N P and M. Yaavomr J Dairy Scl. 43; .33 (188 )

Towxrxp R., C A. hrooy and 8, ¥ Toeasurrr J Anw Chem. Boc 833
1410 (1981)

Wer, L. and T 8 Samuxs, Arch Diochem DBiophyw. 93; 103 (181}

Yaguour M, W G Joomics and N P Tamasaux J Dain Bel. 4l
1305 (1959)

N P Tamussoxand H G Hoxzse, J Duiry 8o 44; 859 (1961}




Cs
Plystl, Pharwmcel. Noerl, 14 (1967) T15-Y9 © Norrh-Hiobmd Fublishizt
‘:.,whwu-ﬁu—-m-d—w-—hh“""""

NETHERLANDS SOCIEYY FOR PHYSIOLOGY AND
PHARMACOLOGY

PROCEEDIMGS Tth PEDERATIVE MEETING OF
MEDICAL-BIOLOGICAL SOCIETIES.
AMSTERDAM, APRIL 14 AND 15 1888

Aanrs, B 3, Stimodanson of the ghuroronds acid pethway altec drog
e

Avxmiaar, J The mftuenos of dextran mitmon oo the lhids of the
biond plesma

Broxrs, E. J F Ksrrzzz and K. Raxtaaw  Sympathosdrenal
Peepooae t wmeated hugh altrtode

Beaxny, J A and G P M Homsrex On the effecs [ hypoxia
oo the levimeal activity of the retiom of the et

Boe, B B D R Kivvan P vay Lexvexx and H. vaw oea Bror,
FPhymcal activy omokmg sod Jung funetwn

Borxsosst R A and J A Vo Metabolan and respirstion duriog
scvere muscylar excrese

Borirs, J Te F O ) Kroowrmax 1L O Prawrzaa end
T B Varz, Mechamcal actiinty of the humen gravid and non-
fwod uterus mntro

Dowvs, B sod D on Woen, Effect of a-M8H on extinction of &
cooditioned  owlaties rerpoome M powtersar loboototmbed vats
Al i rate bewrmy lemons o the mid-cwodal thalemos

Ctaxmo Q@ A, loflueocr of the Utonnmons pecvoos wywiem on
Tavtamoor mIDord EAR seeretion |

Cax AP w EN P4 X Goosey and E. L Xoscn Mechanhm
of tymaune tochyphyxw m the rrescpuuzed pubed rat after
aimg with erepaephree (SE)

Cxervrex P 3 F Premps and B M Comry The influenes of
Srrmomerem of A e varoad feactions rith sarmass end
hrid et etaee

Couswux H. and A AX Faxsxvrin, Intracelluler reeordmgs
durmg depre-aon

Con mx, M me,wmwmdmm
et n the chaek embry

Ex ot A M Mode of oot m of pomorphime sod dexsmphetamin

. ""m;%( m tat

ExLreas L N Borx x P A Boastrxya AWBROPY,
The effoet of aaal P w0 Thy of
The olated, bioal prrfud, rabbt beast d

s

¥

&

#

&

g

g



320 WNTHURLANDS BOOIETY FOR FHYBIOLOGY AND FILARMACOLOOY

Hoor, ¥ Tew and G \. Mook A lincar rofleotion demutamoter for
indocyanine green

Hoon F zne and D I Masreoronk-Hrioer, Bpootropbotometrio
propertioy of indocyanine green

Jaorxpav A, H M and W K. A, Bcnarrr, Flow axd proswrs
measuroments in the unrestrained dog

Joxa ¥V pEand 8 M 3MoLrop Lifeet of autonotnis blocking-apentu
on tho cardiovascular cffects of octaprewin (phet-dvet T }

Jonam Al C pz J A. honwzwm and Jw vax nwx Bora Long term
treatment of the oxporimental neurogenio bladder by means of
cleotrienl stimulation of the dotrusor

Kooruaxs J J O The naturo and orlgin of cellulaso fn Helix pormatia

heuviser A Tho co-ordination of tho cillary beat of Paramechum
enudatum in oleetrro ficlds

Mpmtaxk J W and B L Noacir Lffecta of roworpino and chlor
promazine on opinephrino hyporgly cacmiba and body temperature
n hypothermre and normothermio rats

Nuzxuoi, ' D B J G Fux and H J Borsrwiwxri, Loag term
offcetnof G nnd In  jans on tho reapan fvencss and swimming
ato of Paramaccium aurolia in an clectrio field

Nooropnoex, J., Tho relation between dowe and sleepmg timo after
{ntmvenous hoxobarbital administiation to inko

Oxsenura B amlJ bTUTTERILFTY, Ascorbito llution curveabtained
uung & singlo cathetor for injection nnd measurement

Roeryzed W% J W E \[ Torpom and J R. B Haacxouvw
Attontiveneas and cortienl ovoked revponses

Riseews, P C W Driicmirax, D Eiovews T B E. Foxuers,
W Heiprn, J A Zons and W G Zwistea Dotormination
of tho apporent flemt diesocintion constant of earbonic acid at
differont temperatures

Bomapt, T P W F Cavpwrss, L Rotziw ond A Lo Cansrcx
Modifiention of the photo-ovoked responso n the menky by
\ irrndiation

Scnvynuarm Srexnovay J H and F o hustzos, Spcntancouns
atolocta b in tho anacsthotized dog with artifleial vent laton

Bixowts, L. M and F J Anmixs, Structurn and action, some geocral
pemne ples

Burr W A. G DBaowr anl A M Ti BroNaskere Correlatrons
Lotwoen at ucture and funet mon mecot e low

SnrLiex J W Negnty v wo k luring walking aml cyvling on &
motor-driven treadmll

Srnota, W F IL On the wntern tim of dextranms keeul= with
plasma prot in aml ch lestero)

varom, J C pr Simo s otn [ xygenntion at tho coy llary fov 1

Vooruorve, P k. T Axpersex and 1. Howsqvier 1 citatory
synapscs on hippocnmpal apical dendrites oot ated by ntarhmal
sthmulst n

bt

H
1L

¥ EEE

¥



ANITERDAN, APyt 14 swD 15, 1088

Vou,J und H.J vaw pr Hrrs, Protelns of the developing hrain

Wait, E van px, P Rorsxs, F 1xs Hoox end W G Zmuerss,
Callbrstion of the dipherometsr with expirstory air

Wop D. pr, Effeot of autcnomic Hocking-agents an the “mls sromma]
of drinking” In the ret

Wornwvts, O. L. and E. Mxwrrs, The effocts of DFP on the tat beart

B % B &



398 NTTHERLANDS SOCIETY FOR TMIYSIOLOGY AND FHARNACOLOGY

E M Aarta Shmulation of the glucuronic aerd pathicay after drag wee
Department of Pharmacology University of hymegen

As s known administration of drugs such as pyrazcloe
derivatives and barbiturates to animals leads to an enhanced
excrotion of L-ascorbic acid The question arises what may bo the
offeot of theso drugs m this respoct on man and guinea-plg that
do not produco L-ascorbie noid It appoared that afteradministration
of barbiturate and amidopyrine to man and guinca-plg an cohanced
urinary oxcrotion of I glueario ncld presents ftself ( (Aarrs 1004).

D glucarie acid as woll as L-asocorblo acid aro motabolites of
tho gluouronic acld pathway and recontly the onzymo system
D-glucuronalactono dohydrogenass (1 1 1 70) was {dentified which
brings abont tho convorsion of D glucurorolactane to D-glueane
nold (Mansm  1003) Administration of D glnouronolactone to
animals loads to an conhancod cxarotion of D glucane acid amd
L-ascorbio acld Tho onhancod oxcrotion of theso ncids after drug
administration is oxplained by an enbaneed offer of D glucuronie
aaid in tho biopheso (EvANS of al  1700)

When oxamining rats wo did not obacrve any influenco of paro-
mycin and actinomycin I on exerotion of tho acids during stimuls-
tion by bacbital This monns that the stimulation of the glucuronie
acld pathwny o mdo effect of drugs which after therapoutio
administration may ooccur in man 1s not founded on & de noto
synthosis as shown for drug inducod enhnnced drug metabohem
(ErxsTER and ORRENIUS 1000)

Tho cxoretion of L-xylulosc a onhancod after administration
of amidopyTino to pontosurince (MxkLmwits and Laskrn, 1033}
This too can be explained by an enhanocd offer of D glucaronle
sold in tho biophaso In view of the onhaneed oxeretion of D-glacario
adld aftor amidopymine administration to man wo may expect to
find In non pentosusiacs s stimulation of D glucuronto ocld
metabolism via L-xylulore and tho pentose phosphato pathway
8inco motabolitoa of the Iattor pathway aro not exercted to 8
monsurablo cxtont we mey spoak of & hidden stimulation

REFERENCES

Aarm, E. M Biochem. Pharmacol 14 350 (1084)
ExxrewrTs, M and M Lasxen, J B | CGhom. 110; 443 (1035)



AMaTZADAX, APATL 14 XD 13 1868 Ex

Exxsrx, L and 8. Onaxoros, Fed, Pros. 243 1100 (1085).

Evars, G, A TL Conomxy X Trousor and J J Boxy, Biochern. Blophys.
Awa 415 9 {1860}

Mawsm, Q. A Blochem. J 361 77 (1983).

J Admireal The influence of dextran iajusions on the lipids of
the bood plasma

Pored Prodwctes AV Amsterdam

In the period 10811843 the Hungadan fnvestigators Luserie
Jorus Praxeczxy $aTos, Paraxy and some others published
an imprewlve series of articles concerning the {nfluance of dextran
infuxlons on the Lpids and especially on the cholesterol content
of the blood.

In the US.A. Frotre and Brxrox (1983) reported that they
coold normalize the cholesterol content of the blood in several
hypereholesterolaemio patlents by giving 500 ml of & 8 ;, dextran
solation daily for three days The lowered cholesterol levels persisted
for four to five weeks and conld be kept low by subsoquent infumons
of only ooo bottle of 500 ml s month.

Alwo in The Yetherlands o marked lowerlng of the blood lipids
bas been obeerved in patients treated with low molecalar weight
dextran In one patient given two bottles » dav of 500 ml of
8 10* wolution of LATWD in salins, the total lipid content dropped
from 1010 mg to 515 mg  and the cholesterol content from
36mg toll mg o Meanwhile the hasmoglobin value dropped
from 136 g to 108 5  and the haematoent from 4.5 10 37
Dilutron of the blood thus appeared to be only partly respomible
for the marked towering of the Uphds. After dlsecntinuing the
fnfosions the blood Lipids gradually returned to pretreatment lovels
{after two weeks the totsl lipid content cams to 875 mg% and
the boleaterol to *00 mg  the heemoglobin value and the
bl;ml(na:buh:‘mg normal) (Derrrst and GostERETIS).

n our tory we have started experiments ta in the
sbove effect of dextran So-memhm!muyrvmhqumzha

maper by Dr Struer
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Frorre O T and R W Buxrox Crroulation 28 7 1 (1963}
Luszria et al 7 goes. inn. Mod 1001-1063

E J Bookor F Kreuror and k. Rakusan Sympathoadrenal
response to simulated high altitude

Department of Physiology University of Nymegen

In one of the studies of tho Dutoh Monto Rosa Expedition in
1003 (Coxxt<anast et al  1065) it was found that at high altituds
plasmn levels of freo eatecholamines woroe significantly higher than
at acn level It wns also found that at high altitude about twie
as much noropinophrine was cxcroted than at sea lovel, Thes
findings werv interproted ax evidence that exposure to low oxvgen
pressuro produces an increased activity of tho sympathoadrenal
system However the question may Do raised whether the higher
concentrations wore really caused by inereased production and not
by decreased motabolism of tho active amines. Obwiowly
dotermimation of the major metabolito-hydroxymothoxymandelic
acid-in the urine would throw light on this problom

In the present oxpcriments high altitude conditions wero
simulated by & low pressure ohamber The subjects collooted wrine
at normal atmospheric pressure and again at reduced prossuro and
tho samples were analysed for freo cathocholamines and hydrory
methoxymandelio acid. The reeults showed that there was only &
small increasc of noropinophrino oxeretion at amulated high
altitude but opinophrme and hydroxymothoxymandelio acid
oxcrotion inoreased twofold Tho highly significant increaso in
hydroxymothoxymandeho acid can be taken aa evidenco that mor
active amines wero produced at reduced pressuro sinco tho ool
sourcos of this motabohto in normal healthy man aro epunephrind
and norspinophrine

In the prosent oxperiments eplnephrine oxcrotion increased
much more than norepinsphrine excrotion whilo in the 3lonte Roes
study tho opposito was scen This difforenco in exeretion pattern
mey bo explained by the differences of the typo and duration of
stross conditions oxporienced by the two groupe of subjects.

REFERENCES
Cowwomun W L., E. J Broxe and F hrrozzs, Acta Phymdd

Tharmacol Neorl 13; 102 (1865)
nnd J Appl Phywiol 20; 607 (1065)
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J A Bernards and G P 3L Horsten On the effect of Aypona
on the dectrionl actimty of the refona of the ot

Department of Phynology and Depar t of General P '/
Dsrersity of  fmegen

Prnnﬂuﬂy-ﬂhfurmn&buuonccrn}ngthnmhdamhipbetm
orygmmppiymddoutﬂulwﬁmyufmnnﬁmd@md:m
expgmnuwi\himbemhn{%ham(ﬂommd“'m
105" and 1958 Borxscrrr 1938 BBk ¢ dl,, 1983) In order to
ot mom information abont the role played by the oxygm lack,
*0 cats anaesthetized with sodtompentobarbital were artificlally
ventilsted with nitrogen. In about half of thess experumtents the
ampliteds of the b-potenttal of the ERG showed an injtial rise,
Then in all cassa the d-potential declined, whils the a-potential
fnereased. Then the b-potential disappeared Jeaving only s deep
& potential the latter batng gradually ropleced by & slow negative
potential. Finally this slow potential disappeared, too. From thess
results and aleo from determinstion of the eritical foston frequensy
ft appesrs that the scotoplo syatem fa mare senadtive to asphyxis
than ths photopio xystem In another 4 experiments the cats were
artificdally ventilated with rebreathing and COy-absarption. Thus
the Po, gradmlly decreased. Pea, Po, and arterial pressure were
reeorded continuously ERG was recorded separately at one minuts
intervals (Flash 16 Joule). At the moments when changes in the
LRG wers obmerved  arterfal hlood samples wers taken for
messrements of Px Po, Pea, and hasmatoerit. It wax foand
In theso experiments that & fall of Py, up to 1 mm Hg eamsed
a decrease of the b-potential of only 5% unless the creulation
remained intact When the circulation begun to fafl, as was shown
‘:‘;n“ddmd@inﬁoodm the b-potentlal disappeared

thin ooe or two minutes, lesving only a a which
gndmnrdm-xduduaﬁcdabomﬂtft:pmmhum
afier cowmation of eireulation,

We may lode that in suffc v ; the
‘:‘;‘:f‘“’ Ao net. pelmarily oaned br-'xm.:nro.%

Ylood. bat rather by o decrease
In irehemia of the rcdu:r fn aetertal preasrs rexalting
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B Bink B D R. Kluver P van Lecuwen and H. van
der Sluys Phymcal activily smoking and lung funchion

Netherlands Institute for Preventive Aledicine Leden

Thus is an addendum to tho opldemlologic study feoding end
atheroaclerosis by the Nutrition Council of the Notherlands
carried ount In Zutphen by Prof Dr F 8 P van Buchem in 1983
for tho sixth time The subjoects were 717 men aged between
46 and 60

The calorio expenditure per day wans estimated from a question
nare 1) the smoking habita wore recorded socording to the W H O
cardiovasoular questionnairo and various lung function varables
wero obtaned by spiromotry

Tablo 1 (p 333) shows tho effects on lung function of all the other
variables obtalned by Linear multiple regresaion

The multiple correlation coofficfonts of tho lung function varisbis
with age and height aro only alightly lees than thoese for all tho
variables (given 1 the right hand column) It thereforo appoas®
that the prodiction of vital eapaclty ete from ago and leight
cannot bo improved by taking tho remaining variablee into acoount
and remeins rather unsatisfactory

1) Bwx B F H. Bowxsmr and H. vax pre BLuys Asomment of
tho enorgy oxpenditure by indiroct time and moton study Tao be publubed
in Ergonomica.

R A. Binkhorst and J A Vor Aletabolion and resprration
during severe muscular exercise
Department of Physology Umirersity of Nymegen

Exporiments of AsTRAxD and Satmv (1061) wero oxtended by
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including load levels that could bo sustained for only aboat |
minute After a warming up period at a load of 150 Watt, the male
subjeot (acroble onpacity of 4 8 l/min) porformed work at loads
of 300 350 400 450 500 560 and 600 Watt. Oxygon uptake
wos menmured continuously during the work bv moans of tho
Douglas bag and Haldsne method The amount of annerobically
produced encrgy over each working time was calonlated (net
efficiency 23%) Blood lactate concontrations wero calonlated on
the Lasia of oxcoss CO: (Boumuys ef al 1008) Tho data were
substantially the samo as thoso of ASTRAND of al. (1061)

RESULTS AND INTERPRETATIONS

1 Tho scournulntion ourves for tho actual transported volume
of oxygon 1n the timo rovenlod o transport of about 3 litres of
oxypon in the first minuto of exerciso at & load of 300 Vatt up
to a deflmste maximum of about 4 litres of oxyvgen at tho three
highest loads 2 Working timos respectively woro 727 301 146
1.20 107 102 and 087 mun Tho relation botween the logarithms
of tho working times and the work loads was curve-lincar confirming
tho rosults obtained by Wmxme (1960) 3 It ean probably be
concluded from the relation betweon porcentago of the annerobleslly
deliverod enargy and tho work loads, combined with the data of
the high levels of the lactato concontration in tho blood and the
abort worlang times that tho subjoct at nork loada of 400-600 Watt
was forced to stop tho work becauso of a high lovel of acidosts
in tho leg muscles Howover this hypothoais ought to bo confirmed
by monsuremeonta of tho pH in the muscles 1n riro ¢ Tho relation
of tidal volumo and rosplratory frequoncy at tho ono hand avd
vontilation per minuto at the other hand showed a distinet difference
botween stoady-state values and tho valuom obtalned dunng
sovero oxorcise Probably thero 1a n differonco m tho effectivence
of tho soveral stimuli regulating respiration at tho steady -stato
loads and tho non-stoady-stato sovere loada.

REFERENCES
Astmawp P O e al, J Appl Physlal 16; 071 (1861)

Bouvnuys, A. et af, J Appl. Phym 1 {in press)
VWoxm, D R. Ergonomics 3 1 (1960)
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3 Th ¥ Bosles G I Klooctarmen Marifke C. Plantems
wd T B Vree MUeckanical actirsty of the human grecd and
nongrarid werws 1» vilro

Depariment of Fhynology owd Department of Obetetnics axd
Gynoecology Unscernly of Amaterdam

Btrips were axcised from the cervix and corpus of 80 non-gravid
and 3 gravid (10 3% and 38 weeks resp ) human ateri which had
been removed for & varety of reasons. Tho ages of the hywteree-
tomhrdp.thnunn,gedbutnmumdmyun@omwd
Kuoostzwsax  1945) The strips were suspendod in oxygensted
Tyrods s solntion at 37° C and thelr spontansous contractions were
E really 3ed with Banbom Inductive displ fran

ducers,

In contradistinetion to transverse strips from the inferior part
of the cervix, sagittal cervica) strips and traprverso atrips of the
opper and middle eervical regions of both pregnant and non
pregoant ater contalned contractile elements (DiroxrH 1984)
“eradrensline (5x10%) adrensline (5x10-%) scetylchollne
(5x104) oxytocin (3x102 1T ) and pltajtrin (3x10-¢ LU)
Increased the maximal contractile tensfon the frequency and,
sionally the tone of ap udy sctive strips taken from
the non-peegnant uterus and from the gravid corpus, The gravid
cervix responded only to oxytocln and pitoitrin.
Dihydro-ergotamive ( x 10-%) had no effeet a6 all on pregrant
and non pregrant tisoes (RoTerne and Brxoe, 1034}, wheceas
T jd ( 10-%) & prine (< 10-%) 0025 ( x10-%) and
paparerine (5 104} decressed wmplitude (reqruency sed 4ome of
ibete timues, Papasetine appeared to be the most potent Inhibitoc
Tsopcenatine { 10-%) decreased the valoes of these three
Parameters onfy in the grarid corpus, which effect wea counteracted
bv propancll  Dihydro-ergotamine and regitine abotished the
oxvtocie effect of not-adrenaline
From our reeults 1t Appesred that thers are no qualitative

dffcrences between the contractile properties of
pregoant and
Don pregant homan myometriam.

The gravid oterss contatne both « and
f# receptors wherea
he former predomloate in the non-grevid myometrium, *
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including load lovels that could be sustained for only about 1
minate After o warming up period at a load of 150 Watt tho mak
subject (acrobic capaaty of 48 Ijmin) performed work at Joads
of 300 350 400 450 500 550 and 000 Watt. Oxygen uptake
was measured continuously during tho work by means of the
Daouglas bag nnd Haldane method Tho amount of anaerobically
produced enmergy over each working time was calculated (oot
officlency 23%) Blood lactato concentrations wero calenlated on
tho Losis of excoss CO+ (Boumms et al 1000) Tho data were
substantially tho aamo as thoso of Asrraxp et al (1081)

RESULTS AND INTERPRETATIONS

4 Tho accumulation curves for tho actual tranaported volnme
of oxygon n the time rovealed a transport of about 3 litres of
oxygon in the first mmuto of excrciso at a load of 300 Watt up
to o definite maximum of about 4 litres of oxygen at tho three
highest loads 2 Working times respectively wero 7 27 301 148,
120 107 102 and 087 min The relation betweon the logadthms
of the working times and the work loads was curve-lincat confirming
the results obtained by Wk (1060) 3 It ean probably be
concluded from the relation botween percentago of the anacrobieally
dehvered cnergy and tho work loads combined with the data of
tho high lovela of tho lactate concentration n the blood and the
short working times that tho subjeot at work loads of 400-600 11 att
wan forcod to stop the work beenuso of & high lovel of acidosis
in the log nusaloa. However this hypothesis ought to bo confirmed
by moasurcmonts of the pH 1n tho muscles 1a riro 4 The relation
of tidal volumo and respiratory froquency at the ono hand and
ventilation per minuto at tho other hand showed a distinet diffurence
botween steadv-stato values and tho values obtaned dunng
sovero oxoroiso Probably thero ia a difference in tho effectivences
of the soveral stimuls regulating respiration at tho steady-state
loads and the non-steady stato eovero loada.

REFERENCES

Amraawn T O e al, J Appl Thyd 1 16 071 (1981)
Bounuys, A et al J Ajpl Plyenl (m prow)
Wnxin, D R., Frgonomwn 3; 1 (1960)
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caodal thalamis area or on other struotares, since pathwavs from
the mid-braln retieular formation to tbe hmbio cortiesl aress
were also dsstroyed by tho leslon

REFERENCE
Vo, D bx, Int. J “Ceuropherm. 4; 157 (1985)

G A. Charbon Influemce of the awdomomows nertoss sysem on
bdtemime-induted gastne secretion . dog8

Department of Pharmacology Faculty of Medisme Umirernty of
Ulrecht

A quanttative study of the parasympathetis and sympathetlo
mftvences on histemine-mdeced gastrie ascretion was condusted
In tratned dogs with & gastrio fistule. Tho gastrio fufce was eollected
In 3 half hour periods after administration of the drmgs. When
1o druga were useld. these were grren simultaneomly

Insulin waa given to stimulate via hypoglycemls, and atroplns
war fnjected to depeesa the parasympathetic tons while dikydro-
ergotamine (DHE) or donble-sided splanchnicotamy were employed
to block the sympathetic influence on the stomach.

Tamiin DHE or splancholeotomy sugmented histamine-fndueed
gattric seerrtion eten when maximal stimnlating amounts of
histamine were sdministered. Atropine methy! nitrate diminfshed
the gastric secretion after stimulation with histamine or fnrulin.
The concludon acems justibed that the gastric socretory
to stimulation with histamine varies with the tone of the pera
sympathetioc or sympathotic inservation of the stomach.

EN ChinAPaw P C ML Goosenand E. L \oaoch Mechanism
of tyramine tackyphylaris 1x the rescrpraized puked rat after loading
¥k worepraephng (\F)

Department of Pharmacology Cmirernily of Laden

I pithed mats peetreated with reserpine (2 mg/kg L.p 40 and
18 h before the experiment) quteiftcuortmmlm(WﬁgLr)
¥e7e markedly enhanced after Lv NE infosions of 1 10 or 20 ug
feepectively  this was in sccordapee with resolta obtained Ly
Drrx and Raxp (1933) Tho height of the first post-infedon
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Borirs, J T F., and G J hroomcrMax Acts Physdol Tharmacol.
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B Bohus and D de Wiod Effect of & MSIH on exinchion of a
conditioned aroidance response 1n postenior lobectonized rats axd 18
rals bearng lesions tn the mud-candal thalamus

Department of Pharmacology AMedieal Faculty Unicersily of Utreckt
Vondellaan 6 Utrecht

Tho removal of the postorior and intormodiate lobo of the
pituitary (posterior lobeotomy) in rnts facflitated tho rato of
oxtinotion of & conditionod avoldanco rosponso without affecting
avoidance Icarning Ditressin purified lysine vasopressn synthetie
« MSH and ACTH (A; peptide) adminmstored as long-acting
preparations during the porlod of extinetion inhibits the rapid
rato of oxtinotion (of tho avoidanco reaponso) in postenor
lobeotomized rats (pB Wicp 1905)

Theso results suggested an important rolo of mtuitary peptides
in tho CNS It wna thercforo deomod of intercat to Investigato
the locus of action of these peptides

Smeo tho hitoraturo indieatos tho importanco of the thalamie
rotioulnr system in learning and retontion of a conditioned response,
lesions woro placed stercotaxieally in tho mid caudal thalamos.

It was found that bilatore! lestons in tho mid-caudal thalamo:
deatroying the parafascicular nuclous did not Interfero with the
acquisition of aioidance conditioning but facihtated extinetion
in o similar woy ay in postorior lobeotomized rnts

Sinoe it had beon shown thnt « MBI inhibited tho rapid rato
of oxtinctlon of the averdanco responso in poatorior loboctomized
rata tho offect of « AISH on extinction was studied in tho Jesonsd
Tots
Tt apposced that x MSH did not inhibit tho rapid mto of
oxtinotion of tho avoidanos responso in rats beapng bilateral
Jesions mn the thalamio parafoscioular nuclel These results are
intorproted to indicate that tho actlon of « BISH and selated
peptides in avordance conditioning may bo Jocated 1n the mid
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und.nl:.hnhmlcumoronathorﬂnciuru,dnceputhnw from
the mid braln retioular formation to the limbic cortios] areas
wers also destroyed by the leslon.

REFEREMNCE
Wnp D. px, Int J KNeuropherm- 4; 157 (1668).

© A Oharbon Inflxence of the axlonomous nerrons sysiem om
hutcmine-induced gastne secretion m dogs

Department of Pharmacology Facully of Medicame, Unireraily of
Dtreckt

A quantitative study of the perasvmpathetic and sympsthetio
influences on histamine-indueed gastrio secretion was condusted
mm trained dogs with & gastrio firtale. The gastrio juloe was collsated
in 3 half hour periods after administration of the druge. When
two drugs were med, these were given simultanecusly

Tmmlie was grven to stimulste via hypoglycemis, and atropios
wus injected to depress the paresympathetic tone while dihydro-
ergotamine (DHE) or doubls-afded splanchni y were
to block the sympathstie influence on the stomach.

Insulin, DHE or splanch ¥ ted histamino-toduced
futrle secretion even when maxrmal amonnts of
bistamine were adminutered. Atropine methyl nrtrate diminished
the gastrio secretion after stimulatron with histamine or insolin.
The conclosion seoms justified that the gastrio secretory response
to stimuhation with butamine veria with the tons of the pars
sympathetie or evmpathetic innervation of the stomach.

q

1
oy

E\ Chind Paw P C M. GoosenandE L \oach Uechoniem
of tyramin tackyphylans 1n the reserpinized pithed ral after loading
wuk worepvxephrine (VE)

Departmens of Pharmacology Umirersty of Leden

Inpithodnuprutmtedwithmcp{m(:mgjkgtp..(om
I(hh!erelbatxpeﬂment) presmor effects of tyramins (50 pg iy )
were markedly enhaneed after Lv NE ifuslong of 1 10

or *0
rerpectively thhns[n.mdmeaﬂthmmh;obulmdg
Bexx and Raxp (1038) The height of the first post-infuafon
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B Bohus and D de Wiod Effeet of o MSH on exttuction of
conditioned avordance response 1n posterior lobectonuzed rats and m
rats beanng lemons 1n the mid-caudal thalamus

Departnient of Pharmacology 3ledical Facully Usucersily of Utreckt
Vondellaan 6 Ulrecht

Tho removal of tho posterfor and intermediato lobe of tho
pitnitary  (postorior lobeetomy) mn rats facilitated the rate of
oxtinotion of a conditioned avoldanco responso without affecting
avoldanco learming Pitressin punified lysine vasopressin syntheti
a MBI and ACTH (A; poptide) admunisterod as long-acting
proparntions during tho poriod of oxtinction inhibits the rapid
rato of extinotion (of the avoidanco rosponso) in posterior
lobeotomized rats (Dm Winp 1005)

Theso results suggested an important rolo of pituitary peptides
in tho CN8 It wnas thoroforo deomod of intoreat to investgato
tho loous of action of these peptiden

Since tho htcraturo indicates the mmportance of the thalamio
rotioulnr systom in learning and rotention of a conditloned response
lesions woro placed stercotaxieally in the mid-candal thalamat

It was found that bilatoral lesiona jn the mid-caudal thalamus
dostroying the pamfascicular nucleus did not futerfero with the
aoquisition of avoidanco conditioning but facilitated extinetion
in o mmilar way ns in postorior lobectomized rats.

Since it had beon shown that a 3SH 1nhiluted tho mpid rate
of oxtinction of the avoldanco responso 1n posterior lobectomuzed
rats the offoct of o MSH on oxtinction was studicd m tho fedoned
rata
It appeared that « MSH did not nhibit the rapd rato of
extinotion of thio avoidance responso in rata bearmng bilateral
lestons in tho thalamio parnfascicular nucler Theso results are
interpreted to indicato that the action of « MSH and related
peptides in avoldance conditioning may be located in tho mHd
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suocessively foubating Sarin (10-2 2) with rat plasma for 4 min
a2 lyaphﬂntngthosoluﬁontudwﬂcﬂfh:gtherohlﬂd
camponents in vaowo

The reaction of the Sarm, thus obtained, with punfied bovine
red esll acetyloholinesteraso (AcCRE, E0.311 ) was stadied as
described by Ooxs (1981) and compared with that of racemle
&mmmzmnmu(lﬂwjon]yomewtbmernf&rin
1 highly reactive towards AcChE. Our experiments demonstruted
that the {~)-Sarin inhibits the enxyme faster and to & larger
extent than (+)-Sarin under identical conditfons, indjcating that
the levorotatory teomer by the better inhibitor of AcChE.

Owing to the greatly duffering rate DO App Lk
amounts of AeChE inhibited with (+)-8arin could be obtained.
According to Brmexps (1084) both isomers of Sarin resct with

(BuChE, E.C.31 1.8) at an approxmmetely
equal rate. Therefore this ensyme, purified from horse serum hea
been used far our studiea on the reactivation by excess of
lsonftrosomeatorne of the {—) eud ()Sacin inhibyted entyme
(¢f Braexps, 1964) In both cames s fart initial resctivation followed
by a dower reaction waa observed. The rocults were compatible
xith two simultaneces and fndependent psendo firat order reactions.
The prepasation inhibsted with (£ }-Sarin conalsted of s prroximately
equal amounts of the fast and the slowly rescting component,
whie the (—)-Sarin inbibited enzyme contained ahoat 83%, of the
rapidly reactivatable form. Alwo the ageing (the gradual loms of
the susceptibility to reactivation by oxintes) of (—)- and (4 )-Sarin
Inhibited BuChE was studied the former showsd the faster ageing,
Our expeniments indicate that (~)-arin is the mare actlve lsomer
HhrnthamhfbmouofAcChEAndlhem‘aﬂnﬁm.ndm
of ihibited BuChE are concerned whilo it s the Jees susceptible
form with regard to hydrolsats by sarinase,

REFEREXCES

Barws, ¥ Duoehm. Buoplgs Asta 31; 190 (1084).
Couvtrx P J end B M Cowsw Acta

ey Phymol Pharmaool heerl. 12
it ‘”u(:;l;n&(‘.ll. um)lmmBlrb}m.Bbﬂ:ytAmHh

Meewmt, 5 O Federation Proa. 14; 285 (1935).
G% A S T Thems, Leden 1981
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tyramino responso was ocorrelatod with tho total doss infused bat
tho effoct of tho third injeotion was equal to that of the pro-infumon
mjeotion This complote tachyphylaxis was also present after
catechol-o methyl transferase inhibition by pyrogallol and thereforo
could not bo duo to cxcoamve leshing of tho infused NE from
the intracollular store to tho blood othorwiso ro-uptake of NE
and honoo delayod tachyphylaxis could have been expootod.

MAO inhibition by Isooarboxaride (Marplan®) marhedly inhibited
tho appearanoce of tachyphylaxis Thus tyramino tachyphylaxms
in obvioualy duo to rapid MAO mediatod breahdown of tho Infused
NE This conclusion could bo ocorroborated by the finding that
no taohyphylaxis for tyramino ocours if in resorpinized animab
an « mothyl NE (Corbasil®) infuson is given instend of NE.
Corbasil is no subatrato for MAO and tyramine enhancoment 14
still prosont 2 h after a corbasil infusion of 25 yig Aocuto promor
offoots of corbasil aro 2 5 timos smallor than thoso of NF

Isocarboxazido did not cause immodinte changes in tyramine
proasor offoots in reserpinized rats Howover & marhedly increasd
offoct was soon 1f the first tyramine injootion was delayed for more
than 40 min after MAO inlubition This enhancement was postirely
correlated with the timo lapso This proves continuous synthoss
of NE under the oxporimental conditions usod

REFERENCE
Bourxe J H and M. J Raxp J Thysiol (London) 144; 314 {1088},

P J Christon F Boronds and E M Cohon The infisence
of sterecsomensm of sann on various reaclions wouh sanrase and
cholinesterase

AMedical Biologieal Laboratory of the Mahonal Defenss Rescarch
Orgam.ation TNO Rysepk (711 )

The cholmestoraso inhibitor Sarin (sopropy] mothy Iphosphono
fluonidato) Is hydrolysed by an onzyme prosent in rat plasme
tho so-oallod sarinaso (CrrisTEN and Commy 1003) This rarinase
preforentially catalvaca tho hydrolyss of tho dextrorotatory tromer
(CrmrsreX and VAN DBN MuYsRNDERG 1065) An aqueous solution
containing mainly tho leas suscoptiblo (~)-Sarin was obtained by
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AL A Corner Eletrophgnological pargmeters of cerdbral decelop-
mext in the chick embryo

Adheionds Central Insiiste for Braww Ressarch Amaterdam

Fleetriea]l actisity begine during stage 42 of Hamburger and
Hamflton (aboat 15 dsys in ovo) and consits of waves ovourring
tn sequences of vuriable durstion The distrfbution and the sequentes
o wayes ding to amplitude and duration indieats some
ewentully random underlying process. The ‘direct cortieal
responw” (DCR) begins earler and up to stage 4. cooaists of
=mpy & mrface negative wave of 5-10 millissconds duration. In
#age 43 & langer negative eomponent appears, followring the initll
spike  while large surfece-poaitive waves sppear In the EEG
‘Thews waves ocour in an ementilly random esquence and cavse
the amplitede distribution to become bimodal. Mo significent
changes in the eloctrical pattern bave been obesrred over periods
of ereral hours, nor is the EEG  any way responsive to sersory
stimualation,

Thero 1s a strong quantitative dovelopment during stage 43 and
thereafter littls change antil the day of hatching (stege 45} At
this time & loog-lasting positive wave sppears in the DOR and
the EEG waves become more regular approximating the rhythmie
tow wares lates characterntio of the slocping state PDeriodio
spontancous and semsary-evoked flattening of the EEG also appear
¢ this time althongh the latter Is very labile and of high threshold
until the chick has began to walk about several bours after hatehing
Eroked potentials to light can aleo firet be obtained during thls
‘pro-hatchmg ertical period  of development.

“edtber cerebral spreading depression nar convuldon could be
evoked m the chick embryo

A M Ernst Mods of acfiom of apomorphine and dezomphataming
- Jranng compulnon i rate

Department of Pharmacology Univermty of Ltreckt

In rata apomorphins has been re,
goawing behavionr which hay

of the corpus strirom.

ported to induce a compulaive

btenﬂmtonquhnthamca
Experiments showed that nat only
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H Collewijn!) and A van Harrovold Intraeellxlar recordingt
during spreading depression
Califorma Institute of Technology Pasadena Cabf U.S.A

Spreading cortical depressfon (S.D ) 18 a slowly (>—4 mm/min)
propagating complex of phenomena in tho eerobral cortox having
as major aspocts depression of tho olectrocorticogram negativo
shift of stoady potential inareaso in fmpedanco and movement
of chloride and water inta apical dondtites Transiont dopolarization
of nourons has been generally regarded s tho basis of the
phenomenon

It was attompted to stady mombrane potential changes in the
cortex directly by intracelinlar recording Special attention war
given to immobilization of tho cortox Only in stablo ponctrations
of mufficlent quality tho effect of clectrically ovoked 8.0 was
studied In 14 neurons (average mombrano potential 67 mV) 8.0
and ita rocovery were succesfully rocorded In overy instanco
during passago of the 8D through tho arca of the penetrated
coll & moderato to doop dopolanzation was scon followed by
comploto rocovery A quick depolarrzation and much slower
ropolanization wero typical. Both phascs wero S-shaped  their
totn] durntion was around 2 min The minimal potental vancd
botweon 0% and 74% of the onginal one In a fow cases the extra
collnlar fiold potential was recorded during a sccond § 1 after
rotraction of the microcleotrode yust outsido tho cell Tho negatise
shift found undor these conditions indicates that tho actusd
transmombrano potential daring 8D s cven lower than ]
domonstrated by intracellalar rocording alone Spontancously finng
cella beenmo inactive just prior to depolanzation During tho raprd
depolarization n short burst often ooourred Tho original firing
pattorn as woll as the corticogram recovered only soveral minutes
aftor dopolarization

Mombrano potential changes in anoxin waro recorded only in
a fow Instances A slow depolarmation was scon during tho flmt
3 minuten followed by a quick dopolarization similar to that in
8§D This would scem to agroe with carlier obscrvations of
impedance ehanges.

1) Promcat addroms: Nothorland Contral Institut for Bran Resenrch
Ametordam.
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E. D Gerlings L N Bouman P A Bierstoker and
G Jambroos The effect of vagal stimulahon on rentricelor
comtrctilily of the wolated bood-perfused rabbit keart

Department of Phywiology Umcsrnly of Amaterdam

In & previons communleation (OrRixses & ol 1985) wo have
shown that vagal stimmlation did not affect the maximum brometrdo
tenmon In the ventricles of the Langedorff heart preparation of
mwhmw{mﬂwwﬂmm.wwym
be true if the ventriclm wers paced at a fixed rato
Brrxxs snd hoom-Wesrn (1983) bave suggested that changes
in myvoardil contractility may occur even if the “helght” of the
recarded contrsctions remaim the smme We heve

foowed the suthors wmggestioms snd we have additionally
determined both the dp/dt relatiosship and the tims from the
first detectabls development af tenston to the maximum tensian
of hometrio contraction (TIme to Pesk Tension).

During maximal stimulation of the vagal nerves, slight changes
in the perameters of contractihity of the paced ventrices wers
sometitnes obetrved. Dr GeEsr o ol (10685) bowever found
condderable negative inotroplo effects of wagal stimulation tn the
dog fiemrt. e therefore amumed that the composition of oer
perfusing fluid might be the canse of this divergence

Binen the Tyrode solution lacks macromolecnlar snbstances an
increass in the extracellular space is inevitable. TWe considered
the posibility that in ooz preparstions the ntranyocardial
wympathetio structures might be damaged by oedems.

In order to teat this hypotheds we perfused the rabbh hearta
vhhbbod,nemtdhatothemetbodmi‘hlﬂydmﬁﬂbedhy
Hrntaxs and Koamusx (1004) The aorts of the fwolated heart
was connected with the carotkd arterfes of & donor rabbit. The
tommryd:‘nhugvnf!beh:ll!edbentttukdboltngnh:mﬁ;
of the dovor mbdnudbanmdntdtugmdeoadiﬂondudng
myhounnndmoedemcmldhddmadmmmpiuﬂy
d‘{‘:&‘hﬁhmpﬂnﬂmrhkhdédmtlhwmydpof
PN oo vagal stimulation censed agam only minfmal changss
Vil etimutation bas .y foded that oven el
o e ogiaton Mmdg:ﬂﬁmﬁectourmmmrtﬂumctﬂky
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administration of apomorphine but also dopa (after MAO-
inluibition) and amphctamine caused this bohaviour

However dexamphotaminoe although structurally related to the
other compounds lacks OH-groups on tho phenol ring This woukl
appesr to bo at varianco with our stetemoent that the presenco
of OH-groups at the para and meta positions of the phenol ring
are esscntisl for inducing gnawing bohaviour (Erxar 1065) The
quostion can bo rased whether the offects of apomorphino and
dexamphotamno are dependent or indopondent of the presence of
dopamino in tho corpus stristum Accordingly the action of thess
drugs was studied In rats in which 1) the catocholamine-stores
m the CN 8 were depleted by pretrentmont with a mothyl-dops,
reap « mothyl tyrosine 2) ATAQ inhibition prevented metabolk
degradation of tho endogenous catecholamines. It appears that
the gnawing offoot of doxamphotamine iainhibited by & mothyl-dops
pretroatment but only for 18-18 hours Thus indicates that the
action of doxamphotamino 18 corrclated with the recovery of
dopamine and serotonino stores to normnl lovels suggesting that
1ts aotion is dopendent of tho presenco of (ono of) theso amines.

o Mothyl tyromno has been shown to bloch catecholamine
synthoais without affecting scrotonine levels. Our results abtained
with & methyl tyrosmne protreatment show that in theso conditiont
tho effect of dexamphetamine was also inhibited. Accordingly f¢
1 conoluded that tho gnawing compulsion occurring after
admunistration of doxamphotamino Is caused by a release of
ondogonous dopamine

This conclusion is corroborated by the finding that pretreatment
srith the MAO inhibitor Iproninzid cnhances the offect of dexam
photamine Sinco doexamphetamino itself is not destroyed by MAO
this enhancoment must ariso consequont to proteotion of releascd
endogenous dopamine

The gnawing provoking sction of apomorphine howorer could
not bo modified by protreatment with a mothyl-dopa, & methyl
tyroaino or Iproninuide This strongly suggests that apomorphine
does not act via dopamine relcase but has a dopamine-fike offcd
on the receptor structurce

REFERENCE
ErweT A. BL, Psychopharmaoclogis 7¢ 301-360 (1005}
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rhld:h&drlthumfmthVdngC,Zcmbkwdmﬂmion
hownedbyﬁﬂmgthamwﬂthlndhnbkmdmmpam‘tmg
the recorder 10 zero When s dilution eurve fa made the multiplier/
divider output CfRs oan be recarded continmomsty
Al]nurmhdcnnh}phubu.ufoundbetweﬁnclﬂnund
hdomnlmgmnmtn&.hmnptowmﬂlnmmh
arred out In dogs, aliear and linear dye ditutlon curves were
recurded simultaneously Bemilogarithmie plotting of the descendmg
limbe of both ecrves resulted In » straight line

REFERENCES

Fowixa, A W T J Isacsoy W F Surrcexe, J B. DiseoroTawAroxTR
and E. K. Woap, J Appl Phyiol. 13; 12948 (1903},
Fisecy N J %eand J Cln Lab Invest 15 suppl 95 181 (1063)
Praxeoig, € M G A. doox, 3 Noovexr L. B, va¥ pxa
W O Zisietea, Atte tortn europecs de cordw soentia conventus,

Tan Goream and Comp., Asen (1543)

F ten Hoorand D T Mastebroek-Helder Spectrophatometric
fpropertize of iadocyamng green

Dpartmeni of Chemical Phyniology Umirernty of Gromungen

Indocyanine green (Fox green, Cardiogreen®) dissolved in plasms
has » light sbsorption maximmn at =800 nm, near an isobestis

paint of haemoglobin and oxyhasmoglobin. This adds to Hs
seitability for dye dilution stodies. O the other hand there sre
oertain dismdrantages Firstly ind e green iy sontarnd, 4

withabout 5 Nal necemitating calibration of each dilution crrre
with the dve solution vaed. Becondly aqueous salutions are un
stabla the | i ¥ng as the dyo fon d
(Fox and Woon 1060)
Ihdcxmnine\hnpudbﬁhyafmmgomuﬁbnﬁm)jmfm
& lerge series of dilvtion curves & number of experiments wers
Perfoctoed The rewnlts may be summarirsd as follows

lmmmofindomnmem when disectred

plasma, were found to bave w ¢ abaorption maxim,
between 1~ 03 and 605 nm. e il
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REFERENCES
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Guear H b, 3 N Luvy IL 7mske and R L Liruaw Girenlation
Romearch 17; 223 (1983)
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Hevyans,J F and M Koomans Arch. Int Pharmacodyn, 13; 370 (1801)

F ton Hoor and G A Mook A hinear reflection densitometer
Jor wdooyanine preen

Department of Chemieal Physiology Umiversity of Groningen

Tho presenco of a Iincar relationship botwoen dye concentration
in blood and recorder deflection 1s convenient for acoutate
calibration of dvo dilution ocurves In both transmission and
roflootion denmtomoters tho relationship botween dvo concontration
and tranamitted or reflectod light roapectively s alinear (Epwanps
el al 1003 ZwistrRa and Moox, 1002) although it has proved
possible to limearizo transmission donsitomoters by cleotronlo
means (NiLssox 1963) Rofleotion densitomotors havo ot been
hnearzzed but tho resulting callbration problems wero #olved by
using a dynamio calibration method (Spanrrxa et al 1000) 1t
appeared however that thoro is a linear relationship botwren tho
reciprocal valup of the blood refleotion 1/Rp and the dyo concen
tration This holds for tho conventional reflectonioters pow in use
os woll an for & now infrared sonstive reflcotion donsitometer

Tn this now donsitomotor light from two endoacope bulba patse
through a Baird Atomic intorforeneo fllter (Aus = 05 nm
Taux=70% band width- 40 nm) and a alit { om long and 0. om
widc) on a pvo tube (innor diametor =0 16 cm) cmbedded in black
porspox Tho roflected light roaches two siliclum photocells
(Siomons BPY 45) conneoted in parallel which are placed one o
cach side of the alit Tho anglo between the eclls and tho plane
of tho pvo cavotto 1 30 degrees

The output of the photocells i fed into a Ripp Mijcrograph BD 3
Thus rocordor has an nuxiliary alide wire from which an output
aignal may bo taken By putting 10 ¥ acrows thia wire the rosulting
output signal 1s suflicient to drive tho denomnator {nput of &
Philbrick @ 3 Al I P multiplior/divider the numerator input of
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m;xobkmmbemlndbeforoﬁwaxpdmmhmldbﬁ
saried were

1 Construction of & stsble multi-channel electro-magnetio flow

meter

.. Comstruction of ealibrated eloctro-magnetio fow probes which
are stable for a long time

3. Chroaieally implantable ostheters.

£ Good condition of the experimentsl animsl and long wee of
the meorporated devices.

In the dats procoming of the flow pulssa the sortis flow palss
is differentiated (de/df) as parameter foe the foree of contraction
of the hesrt muscle and the coronary flow and atroke volume
are [ntegratad.

REFERENCES
Barncirer J A, The theory of slestro-magoetic Arw wwesirements.
Cambrdge Univortlty Press (1942}
haovar E 3, D E. (Gxxoo apd C. B. Rarraxo Ciroulstion Research 17
487437 (1968).
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e Phymol. 283 243-233 (1985).

W deJong and § M. MoLeod!), Effect of auiomomic Nocking-

spents oa the exrdovasenlar effects of octapresen (phetyd-caso-
presns)

Departmest of Phermardlogy Medical Foexlly Umseernty of Utreckt
Tondellaen 6 Utreckt o

The effect of mtravenous infectiona of 6 and 18 mU of
octapressin on blood presvare, eardise output, hesrt rate and
drrnh!hn&momttmibd(nmknh.mefdhrmg\ﬂmﬁng
fpents were uwsed  atropine sulfste propranotol
{Indeval), hexametboniom ehloride apd chlorpromasine. Baline
scrred as the placsho Chlorpromazine (80 mg/hg s.0.) was
adminktered 1 b befors the experiment and theso mate were
Wﬂthmwmmmﬂa&q—c@n{:
TJ@TWWG‘MUMYM
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2 Tho optical density of a 1 mg % indooyanino green solution
in plasma moasured at tho wavelongth of maximum absorption
in & layer of 1000 cm {s 1) was found to bo 240 This valuo
18 tho mean caloulated from moasurcments performed in the
courso of 3 months using 18 different portions of dve Tho
standard deviation of the individua! doterminations wax 0082
or 3 8% of the mean

3 To make up solutions of an oxactly known dyo concentration
sterilo dyo portions had to bo roweigled It proved possiblo
to resterilizo indooyanino greon without chango in spectro-
photometrio propertice by means of acthylone oxide. From I1
portions of restarilized indooynnino green e o was caleulated
to bo 238 with o standard doviation of 0060 or @ 8% of the
moan

4 A 1% indooyanine groon solution in water proved to remain
stablo for about 7 hours

5 Bome adsorption of tho dyo to glass (1e spoctrophotometer
cuvettes) was a complicating factor during tho oxperiments.

REFERENCE
Fox,I J and E H. Woop Proc. Mayo Clinke 35; 73 (1800)

A H M Jagenoau and W k A Schaper Flow and pressure
measurements in the unrestraned dog

Janssen Pharmacentica Research Laboratorics Becrse  Belginm

In o sorics of oxperiments on traincd unanaesthotized dogy
dircot artorial blood pressuro left coronnry artery blood flow and
sortio blood flow were simultancously measured over perods of
4-8 | Tho toohnical procodures of surgical ntervention and tho
implantation of tho oleotro-magnotio flow probes wero presented
and tho probloms of repostod clironical measuroments were disowssed.

Flow measuroments woro dono by tho olootro magnotie flow
principle and the preseuro with an eclootro manometer connested
to a proviously Inserted intra arterial catheter (aorta descendens)

Blood flow was derived from tho aorta ascondons an from the
olroumflox branch of tho left coronary artery and in romo coscd
from the common left coronary artory
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t.hauﬁﬁnhﬂyindnoedmlctunﬂmombhddﬂrﬁmnoruﬂnlry
tract but the eloctrical stimulus provoked pain in thoes unhmhL
with a pearalogieal interruption below the spinal segmmt L 4.
The rote of the eatonomlo nervons system with regard to the
dectrieal Induction of the comtraction of the detrusor and the
-.ppennnceofp.mmdthchnpﬂmuamafauttndyfnrthadinlo
were dmenmed,

J J C. Koopmans The naturs and ongim of eellslom in Hehx
powatia
Lab y of Zocphynology Universily of 7.

The carrelation of & searstary oyele in the hepatopancreas of
Helx pomatia with the eeflulalytio sctivity of its crop-juice by
Kxuonaw (1923) msde H Hkely that e cellolase of the animsl
teelf was involved. Fronxre and Loxer {(1%40) howerer isclated
aymbdotio bacteria amnmed to be respomdble for the cellukalytio
wetlvity of Helix erop-juice. A preliminary Investigation by the
author on the cellalolytio actreity of tha erop-fulos during and
after hibernation points to s celluless secroted by the antmal,
while the results of PArY a8 (1041} n treating Taventive hiscosalyms.
with antibiotics are ambignoas as to the origin of its celluless.

The foregeing makes it petemary to amome that the cellulases in
Helix denivo from two sources, as has already been suggested by
Arees end NorTHCOTE (1030) To very this asmmptiom an
ipaight rmust be gained In the stepw of cellnloss breakdown by Helix.

To this end-among cther experiments-the erop-jules of Helix
was fractionated by gel fltration on ¢ Bephadex G 100 eotumn,
a technique suocesefally applied to the frectionation of mould
cellolasen by PerTenssox (1043) and Srine and Marrraxo {1585)

Theuﬁﬁtvo{tbernu}ﬂn;hcﬁommmyedbycdhmﬂn;
lhenmmmolghwmrmducedwmgpmte{nperhm&mn

A cotton cellalose fround to & coarse suspenaion without much
dteronation of its Bbre structare (D P between 1000 and 3000)
“:.Bm;_:ﬂ fldlowe prepared by reprecipitating celtuloss from
& soluf 63%, wal
o Tteoarars), % welpharons aeld (D.P from “00 ta 600 aocording

Ttohtﬁm:wnldbedkﬁngﬂhhod oue with
wmmenm.xndogzhmm.ﬁmt;
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(10 mgfkg s.c) were administered 36 min before tho rats wero
anacsthotized with urethane Tho thermodilution method was used
to menasuro cardine output, and the blood pressure was monitored
from tho feroral artery

Pretreatmont with somo of the blocking-agents induced mgoifieant
changes Dibeneyline lowered blood pressuro to 40 + 6 mm Hg
(controls 10§ + 8 mm Hg) Heart rate of dibenzs line-treated and
propranolol treated animals decroased to 368 + 20 per min and
201 £ 19 per min respectively (controle 421 + 10 por min)

Tho ofrculation time of propranolol treated rata inereased to
57 2 05 sco (controls 44 4+ 02 aec)

The increase 1 blood pressure following ootapressin was found
to be dose-dopendent in the saline-treated animals as well as In
tho rats protreated with tho blocking-agents Dretreatment with
dibenzylino ohlorpromarino atropino and propranslol potentiated
tho pressor rosponso of ootapreasin Ootapreasin caused no changes
in cardiac outpnt or jn cirenlation time Tho ndministration of
18 mU of ootapressin decrensed heart rato but this cffect was
not obsorved in rats protrented with dibonzyline or propranclol

From theee results it Is concluded that the increaso in blood
pressure following the injeotion of octapressin is caused by an
incroaso in vasculor resistance in tho avatemie circulation

M C. do Jonge J A Kornolis en Jw van den Borg Leng
term trealment of the experimental nenrogemic Wadder by means of
electrienl stimulation of the detrusor

Laboratory of Medical Physics Unsecraiy of Groningen

With the aim to avoid the uso of the urcthral catheter during
the treatmont of paticnts with neurological dyafunctions of the
urinary bladder we investigated fn dogs with an artifical nenrogenie
Dbladder the possibility to provoho a satisfactory evacuation of the
Dladder by means of clestrieal atimulation

Irrespective of the sox of the experfmental animals or tho I vel
of nourological leston (spinal transection at D8-0 112 transeetion
of the cauda equina) wo succeeded in achieving a completo of
nearly completo micturition by clectrostimulation dunng a

of at least 20 months
There was no indication of any harmful effect reanlting from
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d]h(thahﬂermrmnﬂybehgdthomﬁplndetypoian
ucdwm)tnviwcu-madhmmﬁrﬂydiﬂhnntﬁomtbmin
now viscous media. An amslysis of the micrographs revesls that
i & viseous medfum the ciliary beat, the amplitude being loas and
the bet befng more symmotrical, resembles that in Opalina
&mn.l%)whﬂ:thaw—wdhﬁonmmtmﬁdtho
ympleetis type. The areas of the cilisted surface ip which the
s show revesal resp activation {n the normal direction in
dectrio fiekds, however seam to be identionl, the applied voltage
per em befng alike in both eases.
The abure experiments may indicats that the metschropam of
the cfliary beat in Paramechmn Is not achisved by soms internal
L a» the direction of the metachronal waves alters
when the viseosity of the medium s incressed.

REFERENCES
T J Fae Be. Tokyo Lwp. Unly 2; 283808 (1031}
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J W eilink and E L. Noaeh Effects of reserpns and chlor
promesine on spaephnse kyperpl) «nd body
Aypotkermic and wormothermic ruts

Department of Pharmacology Usitersity of Lesden

Adrenomedullectomized rats wero pretroated with either reserpine
(083 my/kg Lp.) or chlorpromazing (16 mgiky Lp) or placsbo
Eﬂmuo};pinephrm(w”mu)unbodyumpmtmlmibbod
#ages Talnes were monitored for 3 hre at environmental tem tures
of *0 and 34 C P

per "

BODY TEMPERATURE

At%r 0 the instia) body temperature in drug pretrested anfmals
lunbouttﬂ(?nmircm:imd-n\:lnumephcphﬂmm
mmmmmﬂmmmz epinephrine caused s
gndm!\cm(rntnmmﬁmtnmﬂymdrdnamthnm
n{:bm;\oe\enﬁmmoburredlﬂereﬂofpmm‘dmuta
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toward substrato A (Kp 11) Tho specific activitics wero 10 and
18 times thoso of the original crop juico respoctively and were
oassocisted with about 18 and 79, of the total protan.

Treatment with dry Sephadex G 25 beforo fractionation did not
abolish any of the activity of tho lattor fraction Its moleculsr
wolght thercforo must lie botweon 5000 and 100 000 Further wock
on the specifloity of thoeo fractions is in progress.
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A Rruysso The coordinalion of the cillary beat of Parameasn
caudatum n electric fields1)

Laboratory of Zoophysiology Unicersity of Amsterdam

Tt is well known that Paramoois of the Aurelia group in eleotno
flolds will bo oricnted along the lines of force (galvanotaxis) as
the reault of a typieal division of tho body cils into & normally
boating portion st tho anodal end and o reversed beating portien
at tho cathodal ond of the animal

Although in earlier investigations this phenomenon was stated
by exnmining fmmobilized Parnmeois in viscons medis (LupLOF?
1805 hamapa 1031) it scoma that under theso conditiors the
division into o roversed beating gronp of clia and a non reverred
Deating group doos not cescutally differ from thatin frecly swimmng
animals during gnlvanotaxis sinco PArDUCT (1063) applied his
instantancous fixation techniquo studying Paramccia showing

vanotaxis.
gn]ln tho presont experiments howover in which tho ciliary beat
of Paramecium caudatum is studied in viscous an well as in non
viscous media by menns of a stroboscopo and of flash micrographs,
it nppears that tho ciliary beat and co-ordination of tho bedy

1) Bupported by tho Notherland Orgaru at on for the Advancement
of Puro Research (ZW O)
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mpoddmnfthamodfmnouthe{mmddkecﬁano{the
stroke

Tﬂmmmmmmdmwmm
field and the swimming-rate at different potentisl gradients wera
dodied in P aurels which, by s stay overnight, were adapted
to solutions of KC1 and CaCly in distilled water Electrotaxls
s pormal fn all solutions, t.e. the animals torned to and moved
in the direction of the cathode It was fornd thet upon the reversal
of the direction of the field, the time the animals require to turn
i lurersly proportional to the potentisl gradient. As & measurs
$or responsl racoes wo adopied the potential differencs correaponding
to trke the minimum reactin tume KQ in ths mnge of
0.1 10 meq/l increased tho respansiveness higher concentrations
wers torle under ths conditions wsed. (wCr fn the range of
3 3 meq] had the opposite effect. As to the eoffects on the
sximming rats, on the contrary KQI bad a depresive influence
while CaCl; increased the rate of propuldon.

REFEREMNCES
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Hokde end their

J Noordhowk The relation between doss and slecping-time sffer
Hrary k 1 ods sration fo mics

Drepartment of Pharmacology Fres Umireraty Amaterdam
The relation between dows and duration of parcosis sfter Ly
wdministration of hexobarbital was studled in mice.
Therﬂuhnbttmnthebglﬂmmoﬂbcdamnndthndnping
time was found to be linear chadmmngtd&nmio-ﬁomgjkg

We bave tried to elucidate ths factors determining the slope
of thin doss-reeponse Jine.

In geners! the Meeping-time after intravenous Injection of bexn-
barbital i determined by o
! The sensitlvity of the CAS. to hexobarhital

The elimination rate of the drug from the CAK.
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placobo pretrentment, the nitiel body tomporature wos 3™ and
temained unaffected by opinephrine

At 34£°C tho initlal body temperature in drug and placebo pres
treated anfmals was normal (37-38 ) Epinephrine cansed 2
temperaturo elovation of about 1 & €, the maxumum befng obtained
after 1 hour

DLOOD SUGAR

Resorpino protreatmont did not markedly affoct initial Wood
suger values at either onvironmental tomperatnre, After chlor
promazino the initial values were vory aslightly increased at °0 O

At 20°C reserpine protreatment causcd o marked flattening of
the opmophrino blood sugar curve Valucs after 3 h were within
the normal range probably 1n corrclation with normalized body
tomporature  After ohlorpromazine pretroatment, the epinephrine
blood sugar curve swas much higher than in controls After 3k
no return to normal valucs was apparent

At 34°C blood sugar curves in drug pretreated ammals wer®
shifted towards normal

E D Nijonhuis B J G Flik and H J Boosowinkel
Long-term effects of Ca++ and R+ 10ns on the responstrencss asd
siwrvmsning rate of Paramaecium awreha m an dedne fild

Zoophyniological Laboratory Ustrersity of Amaterdam

Eloctrotaxis in Paramaccla cxposed fo an oloctric fiekd B
oxplained from a local roversal of aliary movement duo to
hypopolarization of tho cell mombrano i tho area facing th®
cleotrodo (JARN 1961) Cilinry reversal may also occur upon the
transfor of Parnmaoein to modia with an altored fonio composition
(OrtrriaxT 1038) At least as far as h+ ions aro involved this
phenemenon too is attributed to changes in the potential ﬂrfﬂ“‘
tho mombrane (Yasacuont 1060 Natron 1958) Cillary revers
in responso to an altered medlum howover is & transhent cffect:
Though in view of eurront knowledgo of tho structuro of blological
mombrancs (Boor: and BunarxmEra D Jong 1050) tho medinm
should exert & moro persistent inflience on the functions of the
cell membrans, hittlo fa known of tho long term offects of the fonie
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B Oeseburg and J Stuiterhelm Ascorbete ditution cwrves
eliand xnng a single catheter for snfection and messrement

Departments of Chemical Phyasdlogy end Puediaino Cardsology
Duirernty of Gromingen

Reliabls sacorbats dintion curves can be obiained uang an
oty lar pla Asctrods catheter Ascorbate {3 infected
Into the centzal part of the clroulatary system and the Indicator
concentration course meavured smperomstrically with the intra
Tasotlar eloctrode Mo withdrawsl syatem &s meed in dye dution
techniques W necemary thus allowlng for better dynamic response
charactarition. Alwo & amaller artery than that necessary for with-
drawnl of blood for dye dilatlon curves may be ueed for the
Istroduction of the platinum el da. A linsar relatiooxhip has
been found to exiet between the eoncentration of aecorbete and
the depolaritation current moasured, Ascorbate dilution curves
are thuy quite snftable for evaluation of shunt blood flow vaing
ook’s equations (Aloox snd Zursrea, 1961)

To evaluste laft ta cight ¢hunts without pancture of an

a commercialiy avaftablo pl * de cathster was modified
The opening at the tip of the cathster was closed with lscquer
and 4 new injection openings were drilled in the catheter wall
bout 20 em from the tip. Special care muat be taken not to damage
the connecting lead embeddsd spirally In the catheter wall. To
this end an apparatne was constructed with which the position of
the wirs riey be detected. The catheter i introduced into the
rkhtburtrh-pedphmﬂrdn,thotnfocﬁnnopﬂnﬁ:pthnnbdng
dtmcdmtbevmummﬂghsmtﬁdelmn;mlm;
dnmberhetmthein}ecﬂnnopmmg:mdthommmbg
electrode.

Uting this catheter shent blood flow was dotermined in 10
children and compared with the reenlts caleulated from sfmnl
tancouly obtained oximetrio data. Thix yielded & mesn difference

betwren the two methods of + 2 shant flow with a standard
deviation of 3%, shunt fow

REFERENCE
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From the 10th minute after injection of hoxobarbntal the
logarithm of its brain concentration (c) was obsorved to destine
linearly with time (¢) This points to a one-compartment eliminatwm
systom in which the motabolism by liver cnxymes plays the
principal part

8o log o= —If+constant
log eo—logoy, =1t

if co=tho brain concentration extrapolated to w0

¢y, =tho bran concentration at awakoning

fy~nlooping time

L = climination constant

After substitution of co=dfv (d=doso v=specific volumo of
distribution) tho oquation becomes

K =log d+log vfecy,

If v ¢, and L would bo indopendent of the doso this cquation
would give a Lincar relation between ¢ and log dose

A docronso of & and o alight increaso of ¢, with inoreasing dose
howover waa obsorvod in furthor roscarch whorsas o remained
constant

Noverthicloss caloniations showod Hio socond term in tho vguation
to remain epproximately constant

Tn the first torm thero must bo a spocial rolation botseen log
doso and L which provents tho log doso sleoping timo lines from
bocoming eurved Thereforo the alopo of theso lines may be
concluded to bo dotermined mainly by tho climination rato of the
drug and only to & minor degreo by sonmtivity of the O.NB.

Difforences botween our results and thoso of Viixwz (1801)
who found o ourved log doso slecping timo lino may bo exp
by tho higher dosos used and the Jower onvironmental temporaturo
during his oxperiments Theso resulted in & much sharper fall of
tho reotal tomperaturos of lus mico during narcosis compared
to ours

Proluninary investigations with log doso slooping tmo lmes
confirmed their nsofulness in elucidating tho meohanism by which
cortain drugs lengthen or shorten hioxebarbital sleeping times.

RFFERENCE

Weom D., Neunyn-Schmicdobergs Arch. xp Path u. Tharmaks um
278-204 (1064)
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W J Riotveld W E M TordoirandJ R B Hagonouw
Atlentireness and cortical evoked responses

Pagghopbyaiolaay Dirusion Department of Physiology Unteernity of
Lewden

Most authors describe an incroaso in amplitudo of tho cortieal
ovoked potentials to lightflashes as woll as to clicks wlien attention
is fooussod upon tho stimuli somo authora howover found a
docrenso

Experiments have been carried out to resolvo this discropanes
It was found thot at low frequoncy stimulation the cortical
responses aro contarmnated by an artifact due to eyoball movements
and contraction of the scalp musales In tho attentivo atato these
artifnots decrense in amplitude

Morcover it was found further that tho responsca (viwal &
woll as auditory) decroased during porformanco of o difeult task
with an ensler one howover thoro was an inerenso in amplitnde
Corrolations were found bLetweon the behaviour of tho oroked
rosponses and the mmultancously rocorded background FFQ the
docreasc of tho ovoked responses whilo performung o difficnit ek
was accompaniod by & degynchronization whenevor an inereae
ocourred more alpha-spindles could bo scon

P Rispons O W Dollobarre D Eloveld T Al E. Fonger?
W Holder J A Zijlma and W G Zijlatre Defermunahor
of the apparent firat diasociation constant of earbonie acid at differest

temperalnres
Department of Chemical Physiology Usiversity of Groningen

Thero 18 still somo disagrocment on the valuo of the appareat
first dissoolation constant of carbonlo acid in plasma at diffirent
temporaturcs 8mec this veluo 18 of great importance far the
ovaluatlon of the acid brso status using the Hendorson Tawclnlch
equation experiments were performed at seven different tempera
turos to redotormino tho valuo of this constant Aaa pH dependeney
of pK 1 duo to pH dependont errors fn some of the determinationt
undcrlying tho calculation has been reported the symbol PR

is used Instead of pA
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mbchgntﬂbedunﬁmcﬂmlmmo{tboaﬂ'adany
axpmncnthevkmluntw'l‘vmty-anmbmh.hmonun
of age mexpoudwl-ingiodwcr!mwoanpw
e right vivml cortex of the occipital lobe The X-rey beam wus
Bmited to the cerebral coctex, ita coverings and the tmmediately
mpmwumwmw:muflmpmmmmaw
and at 24 hours 72 hours and weekly thereafter until sacrifiee
serial EEG and clinteal examinations wore performed on each
animal, At 72 hours, 1 4 13 28 and 44 wecks three animals
wero secrificed for microseopds and eleotron microscopfo evalustion
of changes in tho frradiated and non-frradisted sidss. EEG evaluation
involved both visual analyxis and electronio frequency analyxds of
the evoked resporwe ellcited by photlo stimmlation of the retina.
Anfrals were subjected to a program of photie stimulaticn at
pred: ined fr ien. The lting evoked p s are
vimally examined and stored on magnetio taps for

a Grey Walter type Jow frequency analyser Within 24 to 72 bours
wost animaly showed & slight to moderate dopression in ditud

by & lomer d won on the non irradfated aide. Beyond 18 weeks
this tremd continned with scunewhat increased variations noted
between individual animals, At 4 weeks it became mare diffienlt
10 elkit & chean evoked reapomse, xnd, fn some animals, by 23
weels it was ementially imposaible to drive the visnal coctex.
Mikcroscopls sxamination and precise meavmrement of several
dendritio plexns | indlcate & sdgnificant redwetion in the
Mﬁep{emmtbe&rndhtedndeum}yutmhm
frradiation, becoming more severe with thne Eleotran microscopte
findings aleo indicate serfons structural alterations an the trrsdiated

#do wheh may be correlated with the observed functional
iteratlons,

J H Bchuarmans Stekhoven end F Kreuzer Spostarcows
Srlictans 1w the aneesthelized dog sk artifiesal ventilation

D partment of Phymology Cwivernty of Nymegen
In anacsthetized man and dogy with artifical veatflatbon ap

increnre of the alveclar-arterial Oy presure difference AaDOy)
lbewnufmhmhnbcmfmndbynﬂm(nmmq:
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olostrodo with Radiometer type 4 or type 27 pt motera calibrated
by moans of o NBS phosphato buffor Moasuroment of Peo, (to)
was performed with a photometric mothod (Bruwsrmo 196%)
calibrated with standard biearbonate eolutlons. Roproductbility of
tho Haldane gas analysis was 0 04 vol 9, COy of the pH mea
suroment 0 000 and of tho cPeo, {tot) detormination 03 macgf
1pE 1 waa caloulatod using tho eguation

pHepR 1 + log [%”‘7%’1—” - 1] )

The valuo roported by Ausrrv and co-workers (1083) was taken
for 8§

Inall 518 duplicato pK ; values were obtainod with n roproduel
bility of 0 008 Reanlts wore divided into throo pH groups at the
soven tomperaturos used 16 20 26 30 325 and 3765 G end
aro presented in Tablo 1

The relationship betwoen pR ; pH and tomporaturc was as &
firat approximation taken to be of tho form

pR 1~A+B/T+C pH ()

Tho constants A B and C woro computed with the maultipl
rogromion mothod to bo 5121 414 61 and ~0 0530 reapeotively
Tho pK ; values caloulatod using the abave values for tho conetants
aro also given in Table 1 Tho agreemont betwoen tho experimental
and caloulated valucs Is quito suflicient for clinieal purposcs.

REFERENCES
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J P Schodé W F Cavonoss L Roizinand A L Cnn!rbn
Aodification of the photo-cvoked response in the monkey by
X trradiahion
Aetherlands Central Institute for Brawn Pesearch Amaderdam Tl;
Netherlands Dept of Newrology Columbia Untreraity Aew 1om
NY USA

Changes in the photo-evoked reaponso n the Macacs mulatta
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w“mhmmﬂd.hmybepw'bhmdiﬁmmh
mmw}um&lmdedaintbhmpwt.'hfﬁh
hﬂn.mmmammﬂmmu
far as the toleration of stractural changes ls concerned (AmIENs,
\m)‘mmq\muhthuthnnﬁoforthauﬂﬂﬁudm
optical fsamare will depend on the location of the center of asymumetry
& the drug molscale o in otber words, also in bighly setire drugs
h.»uﬂmyr.ug.mybofuundfortbeopﬂmlbomnifthn
center of wsvmmelry it loctted n a non-essential molety An
nwhmntdmﬁrmﬂmu!thhmm-}cumwummmlhﬂon
given above was obtained in the etude of varicus series of smino
esters with centres of asymmetry in the amino mmety orfurd in
the acidls molety For the anticholinergic compounds the acidio
maiety was found to behavo as sn essentisl molety the amino
mcktyuxmn—e.!nﬁalmdcty(]iumﬂom 1064 and
Erirsamork o af 1083) Strictly teken & change in sterical
stricture iy comperable to & structural change in general. Relations
s Teported for the Tatios in the activities for stereolsomers could
be confirmed for saries of chotmerprs and antichalirergio druge by
comtparing compoonda with an Kileymoiety with their analoques
with an Qlermoiety with an NAMeEt-molety with an NAleEty
ety of with an NEtymolety (BaxLow ¢f ol. 1961 Vax Rossox
1839 and 1062 Sploxis ¢ o] 1983) On besds of thewo experiments
it may be coneluded that in the ehollnergto compounds the aming
Tockety 1 an casential motety whils in the anticholinergio compounds
1 f & non-cesential molety Another restriction to the general ruls
may be expected i conples of sterecmomers are tested on different
receptarsystems. This 1 wo, since the degres in which
moleties of the drog are essential for the interartion with the
Teceptor mav differ foc the different receptars The resnlts obtained
hnnndymthancﬂﬂtvdnwrbdupdmﬂynﬁmaxmic
Phosphiates on acetvicholine esterase and psendo-acetyleholine
exterane (hntyrﬂchdmukm)by%x:mdl&orn(lmmy
munmﬂmﬁmof&nmﬁidﬁmfm&mﬁhﬁ.ﬂtm
N*Wn[tbonﬂ:mcompcnndsufuulhdruﬁﬂth
»ete concerned was the xame for both esterases the activity ratios
mmﬁbﬂtmlrbdhomn:vhohmfgmdmbem
thow on the acetyicholine esterase If series of ecuples of
mm“‘mw’dﬁﬂmwmﬂnmmmﬁa
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This incroase has beon attributed to venous admixturo dus to
progroesivo atoloctasls resulting in a fall of the artenal Oy pressurs
(Pap,) particularly in hyperoxia, Tho Pu,, could be bronght back
to tho original lovel by roversal of tho atcloctasis with inoreas
of the mtratracheal pressuro

Supine dogs anaesthetizod with pentobarbital and curarfzed,
woro artifielally ventilated with pure Oy tho pump froquency was
12 per minuts and the tidal volumoe was adjosted s0 as to obtam
an alveolar COz proasuro (P ) of about 356 mm Hg Py, romained
unchanged during several hours with an AaDOy of about 60 mm Hg
and a vonous admixturo of somo 3%, of cardinc output There was
no chango in thoso paramoters when inoreasing the pump frequency
to 20 per minute and decrensing tho tidal yolumo which was
accompanied by o strong incrcase of P,

Inspoction at autopsy showod only o few local patohes at tho
doraal mde of tho lungs microscopio examination of the lungs did
not roveal any approciablo ateleotams,

No roady oxplanction for the discropaney betweon theso findings
and thoso in tho Literaturo oan bo offorod In comparing the
ocourronce of ateleotasta and Ita effeota on P.,, the posubility
of Tocal ofroulatory adjustment to atolectatic regions ncods farther
oxamination

A. M. Simonis and E J Aridns Struclere and achon somt
general principles
Pharmacoloqieal Instunte Univernily of Nymegen

PyErrrEn (1050) roported for a voricty of pharmacologeally
active compounds with a conter of asymmotry that tho ratios for
tho activitios of tho optical isomors increaso with the inarcaso in
tho aotavitios that s the dosca neoded of theso drugs. This correlation
makes sonso since goncrally ono may expoot that for highly
active compounds which wall have a high degreo of complemontarity
with their recoptors a chango 1 storfcal atruoture will bo of more
influcnco on tho activity than in tho easo of less or slightly actlve
compounds for whioh & poor fit or o leaser degree of complementarity
+with thelr rocoptor may bo assumed A more detafled consideration
howover shows that tho varlous parts of the drug molecalo ar
not nocessarfly of oqually oasontial Importanco os far 8s drug
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mmmmuwmlzmyummmwumhu
bntvrmmworh-mth]mdeﬂnintbhmpect,whidl
Imﬂ]undlﬂ’errnthﬁonbdnenmorvurlﬂlmiﬂulmdcﬂau
far as the tokeration of stractmral changes & concerned (AnrEys
llﬁd}mcomeqnmcchthnthunuofordmnﬂﬂﬁ-o“wo
optical faorners will depend on the location of the center of saymmetry
in the drug molecule or in other wurds, elso in highly active drugs
ow activity ratls may be found for the optical isomers if the
eemter of amavmmetry s located in & pom-emential molety An
experimental canfirmatton of this restriction to the generalimtion
given sbove wis obtatned in the stody of various eerles of amino
esters with centres of asymmetry in the amino molety orjand in
the scidle molety Fur the anticholinerglo compounds the acidic
mojety was found to bebave x5 an emsential molsty the amino
moftty as a nop-emential molsty (ErLzxeroex, 1664 and
Frrrvemorx ¢ ol 1063). Strfotly taken s change {n sterical
structure is comparabls to & strastaral ehanges in general, Relatfons
32 reported for the ratios in the activities for sterecisomers conld
be ] for series of cbolintergle and anticholinergle drugs by
romparing compounds with an Nlfex-molety with their analogues
with an KMeymolety with an N)[sEt molety with an NieEty-
oty o with an XEty-molety (BsRLow ¢f &l 1803 Vax Rossux
1950 and 1082 Bneo<ms ot ol 1083), On basls of theee experiments
it 1987 be cancluded that i the cholinergl poands the amino
molety is an esaential motety whils in the anticholinergic compounds
it & » non-cesential moboty Another restrietion to the general rule
Ay be sxpected i couphes of sereolsomers are tesied on different
receptoraystems. This i s0 sines the degree {n which particalar
moleties of the drug are essential for the intersetion with the
receptor mav differ for the different receptors. The results obtained
lﬂlﬂdyonﬂnlcﬁﬂtynlllu‘ksufupﬂuﬂymﬂmw
Phosphates on acetylchollne ecterase and

eaterase (hmyn-lehplhnmzn:e)byOOmmdBorn(lmmy
meu-mhm;ﬂmdthar&ﬂd&mimtouﬂiucd.&thqngh
the sequencs of the varions as fur as thefr sotivition
mmmdm&emfmwhmmgwyn&‘

tylcholing esterave If series of oouples of
wmpoundjmmmpundiarthdruﬂrityoumommaumtu
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This incroase has been attributed to venous admixtare doe to
progreesivo atolectams resulting in a fall of tho arterial Oy pressure
(Pag,) particularly in hyperoxia. The Pag, could be brought back
to the orignal level by roveraal of tho ateloctama with increas
of the intratracheal pressuro

Supino dogs annosthotized with pentobarbital and ourarmed,
wero artificiolly ventilated with pure O; the pump frequency was
12 por minute and the tidal volume was adjusted so as to obtain
an nlveolar COs preasuro (Pagy,) of about 35 mm Hg Py, remained
unchangod during soveral hours with an AaDO; of about 60 mm Hg
and a venous admixturo of somo 39, of cardieo output. Thero was
no change in theao paramoters when increasing the pump frequency
to 20 por minuto and docreasing tho tidal volumo which was
acoompanied by o strong increaso of P,

Inspection at autopsy showed only a few local patches at tho
dorsal mdo of the Inngs microscoplo oxamination of the lunge did
not reveal any appreasblo atclectass

No ready explanation for tho disaropancy betwoen theso flndingy
and thoso in tho literature can bo offered. In comparing the
ooourrenco of otolootasts and its offects on Pu,, tho posmbility
of local eiroulatory adjustment to atolectatio regions needs further
oxamination

A M Simonis and E J Ariéna Structure and adion some
general principles
Pharmacological Instilute Unteernly of Aymegen

Prrorrnn (1050) reported for s varlety of pharmacologicelly
active compounds with a centor of asymmotry that the ratios for
the activitioa of the optical Isomers increaso with tho inercas in
the activitios that s the doses ncoded of theso drugs. This correlation
makos sonso sinco genorally ono may oxpoot that for highly
active compounds which will havo a high degree of complomentarity
with tholr recoptors a chango in sterical structuro will bo of more
influcnco on the activity than in tho caso of less or slightly active
compounds for which a poor fit or alesser degreo of complementarity
with tholr recoptar may bo amumed A moro dotailed consideration
howover ahows that tho various parts of tho drug maleculo aro
not neecssarily of equally esscntial importanco as far as drug
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J W Snellen Xegative wark dunng walling and cpcling om a
mator-drven treadmill

Department of Physiclogy Univernty of dymegen
Tbauxygenurpmditweu!rdﬁngdmhﬂ‘lmduydlnguphm
«0d downhill at different pedalling speeds and transmisdon ratios
hlbeminrut}gﬂedh:atdertoﬁndﬂ:ﬂhrpﬂ-neglﬁnhd
wuxtalnable during & period of an hour with the smallest fnorease
o metabollc rate

The smallest increase in metabolie rate was found In oyeling
with high pedaling spesd (80 r p.m.) The sustainable work Joad
fa Iargely dopendent on the subject but negative loads of * kealfmin
with metabolio rates of 3 kaalfmin sre practiosbls

Tho findings are fn acoordance with the literature

REFERENCE

B. cthook of Tt Bection 3 Reaplestion. Tol 2
Amencan Phywologicsl Socety Wasldogton D (. (1065)

W F H Strodr On the saferaction of dexiranmolecules suth plaema
proteins and cholesterol

Poriet Prodwcten 3 T Awaterdam

It ia posible to lower s high lipid-contraction of the blood by
«iministermg & dextran solution to the arganitam bowever the
mechaniem of this aetion is not known.

Since Rrcxerrs (1952) ahowed that dexiran forms compleres

It can easily bo confirmed by the sedimentation, noticed after
mixing u 2, salution of eny of these fractions .5 1 with dextrun,
But the question in how far imparities of the solsted protein
Irections are responadble for the pb renmins open.

Foc a mors exact approach an analysix of the sedbents, obtained
Yv mixing plagms with dextran was tried out by meaws of EE
wd IE bat, for some vmidentified roassn, without soccrss For
lhiqm»nmunﬁ:umnpimtﬂ:luedlmnt(obﬂimdhy

‘;ﬁhmmm)mwmmw Tt conld
lbm-nthlztholcdhnmtchhﬂyeumulofﬁ‘brhngm‘nddn
of haptoglobulin and y-globalin.
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systems such as for instance the muscarimo and nicotinte receptors,
also the sequence of compounds in tho serics a8 far as their activity
1 concerned 18 found to be changed.

In concluslon no correlation betwoen the ratioa for tho activitis
of couples of related compounds such as stercolsomers and the
activity of the most actlve compound of each couplo 18 expected,
if a variety of drugs acting on a varlety of biological systems
is involved. In other words tho cloar out correlation observed by
Pfeiffer might well bo incidental
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W A S8mit G Bechtand A. A Th Boenakkers Correlations
betiresn siruclure and fuschion i tnsect muscles

Zoological Institute, Unsversity of Amasterdam
Zoologreal Instiste Catholic Univermty of Nymegen

Extensors trochanteres of the mesothoracio log of the cockroach
Periplaneta americans were studied

Correlations were found botwoen (a) the struoturo the cofour
and the number of sarcosomos, (b) some enxymea of the cnergy

radacin, thway and (o) the staying povwer
F Ttwos fu::ludcd{hut mo(elin.nim fnnﬁlognn of musclo are graded by
internal properties of the fibres as well as by nouromuscular

control
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7 C. do Valoln Some aspects of exyyesation at the capillary lerel
Veherlands Central Institwte for Brain Research Amsterdan

A critien) analyale was made of the process of oxvgen transport
i the CNS This procors axvgen diffasion, appears to be dspendent
on & mumber of factors which are not readily aecessible elther by
thearetionl or by experimental approach. Soms of these factors,
such as the number of capiliaries supplying one singls veuron and
certain cheracteristics of oapillary networks were elacidated. The
vales obtalned fram the I for the intrscelfular oxygen
tention below which cellular oxygen consumptron decreases varies
from about 10 mm Hg to 0.6 mm Hg For the determimtion
of the axygen diffesdon coeffictent desd tisnes at lower temperatures
then In the én rico condition have been generally veed and the
enormons changes occurring in desd or dving tiwue have been
inmficiently taken Into account. Eapecially in regard to jenie

ents and the it changes in intra and extra
cellular space it will be evident that any comperizon between

18 titro and (# tyro condrtions u rather precsrioms, The “cylinder”
mode] for oxygen drfmion htroduced by hrogh and elaborated
by Thewn ¢l ia far too simple and can no longer bo regarded valid.

P E Voorhoeve P Andersen and B Holmgrist Ercuatory
synapets on hippocampal apien] demdrites activated by emtorhimal
shmulation

Accepted for publicatun by Acta Physiologice Scandinavica.

J Vosand H.J van der Helm Protans of the dexelopiong braia

Netherlands Central Institsts for Brarm Research and Aewrology
Department Wilkelming Gosthurs Amaterdam

metbodshpnbihhedbyme(lw)hnnbacomludcd
Lbllmvhxﬂpmtt{mafymnglnmhhnlmtmntm
nte compared to those of older animaly In order to determine
‘Mbumntwldbommcdbydlﬁtrmhwmdnmmpauﬂm
the palinm of rabbits af 0 5 10 16 *0 and 30 days of age and
Ed of chicken embryou of 8, 1., 14, 16 18 and *0 dayw

batched ehick of 3 7 and 10 dagw were inveatigated by
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This was confirmed by an IE of the supernating fluid after removal
of tho sodiment Hore tho Just-mentioned fractions were lacking
or diminished. Less convineing wero tho results of a planimetrio
analysis of quantitativo IE s obtained by a toohniguo developed
by A¥oxso (1904) It was found that after mixing with NND-
doxtran and with dextran BP only the ;-globulins remafned
unchanged but that tho concentration of all tho other proteln
fractions capecially of i (flbmnogen?) and of yglobuln wers
lowered Moro exporiments have to bo performed to confirm thes
results

Theso observations cannot cxplain tho lowering of tho hpsd
concentration by dextran

Now 1t is woll known that cholesterol and phospholiprds aro
espeoially bound to the s and i lipoproteins. We could ehow
that in bovino plasma tho first and in rabbit plasna tho second
aro the most important. In man the Hpid-contalnng fractions
wers confined to the pre bota or alpha 2 lipoprotemns (LEVY cs.)

Now when dextran was mixed with plasma of man cattlo or
rabbit and the scdiment wns romoved by centrifuging in nom
of theso lipoproteins o deoreass could bo observed by FF or by IE.
The plasmn was nused untreated as obtamned after removal of the
orythrooytes or after raising tho cholesterol content by mixing It
with this lipld in combination with Tween 80

Sinco dextran did not react with esterified cholesterol another
posaibility had to be verificd :e tho reaction botween dextran
and free cholestorol

To fuvostignto this cholestorol waa disperacd in distilled water
with tho aid of Tween 80 Tho fluid was centrifuged for 30 min
to remove the excesa of cholesterol and then distributed among
soveral jackots. To cach of them a solution of dextran of diffurent
Mw and concentration and to tho control 00% NaCl 1 4 was
added With the exception of tho control flnid a floceulous scdiment
was formed in all mixtures After centrifuging for another 3¢ min
the control fluid romained opaque but all the others were mor®
or less transparent with a sediment on the bottom

This oxperiment showa that dextran combines with freo
cholestorol and by this wav lowors the lipid content of the plasms-

Further investigntions aro boing planned to substantiato this
conclusion and to find out what happens with these gediments.
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antomatio chanpel seloctor
Bec-mam.hnb-m-bcdbefumtbap:mlxmremchuthaog
detector In the dispherometer the senaftivity of this detector cen
bcnd}ycl}cuhwdﬁnmremrdudeﬁecﬁmnnddnngvin(),
exnoentration. The recorder deflection eansed by the CO: detector
hovover W determined by the detecior sensitivity for both Oa
and CO,. By measuring explratory air contsining different O; and
€0y concentrations, pairs of equations are obtained from which
the separste semaltivitis may be calculated. In one series of
expertments all or part of the COy of the expiratory air was abeorbed
to mereass the chiferences between the ges mixtures led into the
diapherometer

TUsing the thus determined senaitivity values oxygen uptake
o, and carbon dioxids production Veoy were determined with
the dlapt ter and oalonlated from i Iy porformed
Haldane anaiyses. The reproducibility of I, was 117% for the
dispherometer and _77% for the Haldane anslyses. Theas values
e 1.29% and 1 0°% respoctively for Vep, The mean difference
betweon the dlapherometer and the Haldare velues wax cnty slight.
Thewe resalts indicate that the disph s ¥ufticiently

to be used in the deterrunation of cardisa cutpat secording to
the Flek principle

D de Wied Effect of axtonomic Bochng-opents on ths  salt arousel
of dnabieg  » fhs et

Department | Pharmarology Medical Faculty Umirersity of Dtrecht
Vondellaan 6 Utrecht

The pl of minute of cholinergic agents in the
Bypothalamas of water-satisted rats causes vigorous deinking,
indicating that chalinerpio stimulation participetes in the regulation
of water ftaks {Groamax 198_}). Accordingly it seemed of Interest
tadhimﬁpte whather other stimuli for water Intake woukd be

{ by vrllar cholunery hanbime in the CNS The et
ssoml of drinking' {Adolph) sx induced by the subsutansous
tnjection of & hyperovmotic NaC solution (WaTSER ¢ al. 1064)
wudumﬂgmvmd:hung\nnu.rm:hrumhnwfm
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moans of polyacrylamide gel clectrophoresis. In tho developing
pallum of tho rabbit 21 fraotions wero found and %0 fractions
in the hemisphore of the chick Aftor addition of Trton x 100 to
the gels and extracte 2 extra fractions wore found to enter the gel
During dovelopmont only 2 fractions of tho rabbit pellium showed
on increase in concentration whilo no changes wero observed m
tho remaining fractions In the doveloping hemisphero of tho chicken
b fractions showed an increasing concentration whilo 2 fractions
decreased At 14 days of incubation a fraction appeared while
at 20 doyn of incubation o frnction disappeared It scoms that
only minor changes ooour in tho solublo protein composntion of
the doveleping rabbit palllum In the braln of the pro-hatched
ohick more profound changos taho placo in its protein composition
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E vando Wall P Rispons F ten Hoor and W G Zijistra
Calibration of the diapherometer wiuh expralory air

Department of Chemical Physiology University of Groringen

As tho Noyons dispherometor (kipp Delft) widely in use for
motabolio rate measuroments doca not impose any burden on
tho patient tho method was supposcd sultable for tho determinatien
of oxygen uptake and earbon dioxide production for cardiac outpat
dotorminations according to tho Fiok principle in cases of cardo-
pulmonary disorders A study of tho aceuracy of the method was
therofore undertahen

Calibration of tho diapherometor is usually performed by Jeading
puro Oy and COs through tho hood Howover becanso gas eylinders
proved to contain tracea of Arand hr and to simulato the conditions
undor which tho measuromonta take place in elinical practice it
was doctded to enlibrato tho dinphoromoter with oxpieatory aif
To this end expiratory mir from volunteers was collected in 8
1300 I airtight pro bag This pvo bag is connected via o calibrated
rotameter and an aletight centrifugal pump to the hood of the
diaphcrometer  Bamples could also be led simultancously t
Haldano gas nnalysis apparatos for the determination of Os

0 a
and
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To determine whether this effect of DFP Is dus to a direct
effect ou the heart, experiments ware carrled out with the isolated
rat heart acoonding to L Jorff The dependency on the dose
of DFP axd the effects of atropino and PeS were fnvestigated.
It waa found that in the isalatod heart DFP cen induce effects
smilar to those found in vive The degres of reduction of ventricalar
contraction foroe and of miBlivelitage of ECO (peak to peak values)
in the courm of the experiments depends on the dose of DFP
This Jom of function emonot be jofinenced by either atroplne or
oximes, Using severnl dose lovels §t was found that perfusion of
the heart with 8 xg DFP/m} tvrode during & min ceusod effects
which already differed signifieantly from untreated control hearts.
‘This threshoid dose was comparable to the threshold doss in rro,
sinee it wea observed that after infoction of 4 xLDyp DFP sc.
In intact animals blood levels of “free  DFP between 3.5-5 5 pg/ml
bood were found to ocour during some 10 min. Tho dose of 4 x LDsy
may be copstdered as s threshold dose {a rieo sines with this doss
4 out of 6 auimals died from beart fallaro after higher does all
rats duwy.

The pbenomenon of cardiae death may aho be observed aftes
organo-phosphates other than DFP such e sarn.

Cardlas desth may be {mportent in eo far as {t determines the
opper limit of succertful therapy with oximes and stropine after
DFT this npper Himit f» reached with oomparstively low doscs.
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sovornl hours. Thorofore tho offect of a varloty of centrally acting
substances mainly related to autonomio blooking agonts was studied
on tho salt arousal of drinking 1n order to gain an insght lnto
tho pathways that participate m this process of water consamption.

Malo whito rats woighing 180-220 g wero injooted subeutaneously
with either 12 ml of a 159, NaCl or of a 00% NaCl solation
oontaining 2 4%, prooalne HCl to avold pain Tho ammals wero
placed mto metabolio cages and water intaho was measured overv
hour Sinco maximal drinking nwas obtamned within  hours after
loading with NaCl in subsoquont exporfmonts the intako was
studied for 2 hours Watcr intaho of rats treated with 0982 \aQ
amounted to 17 + 00ml that of animals treatod with 1895 MCl
to D4 £ 09 mlper 2 hours Autonomic blocking agents and related
subatanoes woro administerod intraporitoneally at tho samo time
of tho wnjoction with the NaCl eolutions.

Scopolamine mothamphotamino amphetamine chlorpromazine
atropine mocamylamino hexamethonium nothalide indeeal eo-
aalne dimpal artene and neobonodine marshalled Jn the ordt
of potency blocked or reduced tho salt arousal of drinking

Mothylatropine nitrate dibenzyline cyprolioptadine deworfl and
pitreasin tannato in ol fafled to affect tho fncreased woter inteke
of thursty rata.
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O L. Wolthuisand F Mestor The efects of DFP on the rat heart

Aedical Diological Laboratory of the National Defense Pescarch
Orgamzation TNO Rysweyl (Z 1)

Atropinized anaesthotized rats troated with 4 8.or 16 ¥ LDso DFP
suboutancously dio from heart faflore notwithatanding continuots
artiflefal respiration or treatment with oximen (PsS or Lally) The
timo of death after infection of DFP dopenda on the doso of the
organophosphorous compound Even comploto recovery of neuro-
musealar transmisdon and roturn of apontancous respiration after
oxime administration docs not provent from death of cardiae falture
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Engene J Bocker Catecholoming meladoliem
Department of Physiology Univernty of Jymegen

Bhnﬂkwruthld]phydoh;icﬂlﬂmulimu\lmuhm
of the leved of astivity of the aympathoadrenal system. Meastre-
ment of the concentrations of the compounds lavolved fn theeo
cranges oan give Information about the events taking placo when
the crganism is exposed to such stimull.
The biosymibesis and metaboliom of sdrenaline (A) and mor
adreraline (A) wre falrly well inderstood but thers i no complets
sgreement with regard to the production plasms levels and ex
eretion of the sctive amines and their metabolites. According to
the beat avaflable sources, the healthy edult human durng &
rodarutely ective *4 h day produces or releases sbout 1-2 millf
grame of A end sbout 4-8 milligrama of NA. Practically all the
A b secreted by the edrenul roedalls and abmost all the \A origl
natew from the sympathetic nervowy system.
Betarso of the very fast rate of removal from the blood the
paxm Jovels under normal condittons are very low It seems
wis to scespt that at reet human plerma contsine less than I
derogram of fres h inek per litre The determination of
such small amounts of A and VA, even with the best equipment,
not only requires large valumes of blood but always luvolves the
element of uncertamty This is coe of the sovers! reasoms whish
ke ceteeholamine wotk with blood an extremely dificult propo-
tion,
For manv purposce urinary catecholamine exeretion fgures ar
thfictory of oven more meaningful than plasms valvey in spite
of the fact that ouly & very amall fraction of the active amines
produced appears o the urine in free form Atcepted normal
dem&lOm!cmgnm:qumdekmgnmo{\A
Per ™4 bours In many eaves determinution of the quantitavely
most important eommon metabolite $-hydroxy-£-methoxy mandello
wid (IBDLA) will #dd valusble information about the overall
“ttecholamine motabalian. The aversgn pormal exeretion of
HSDLAmbeuka:nb-lomﬂugnm‘perumE“n“
ordinary routios working day imposes many stress conditions on
\hmvhkh'mmmgdhywmthm
and exerrtion of eatecholamines Thers fx

2 clear ent relationship
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Broxen, B J Catecholunino motabolran L
Borrina 8. L., Erythrophlenm alksloids, enrdias glyoosides and active
eation transport 3
Horstex G P M. nnd J E. Wrnxsrsmaw Tho offoots of trammoctlon
of the n.opticus immediatoly after birth on the dovelopment
of tho structuro and clostrical activity of tho rotine wm
Kuux J A.J G P AL Horsrex and J E. WingrLMax An objective
method for tho d fon of tho ocul Lo
Kawvzme, F,, Thysiological It of cotocholaml axcnv(lmr‘

m man under various oxperimental conditions
Krwvzar, F and J H Soruvruans Staxmovan Pulmonary O
diffusing capecity in tho artiflowally vontilated, anacsthothred dog s

Arrnraw R.J van Mmfoum radhss of curvaturo in continuoudy
recordod fractlonal gas concentration curvos in rolation to distrl .
bution disturbances in tho lung b

Rosavx, J AL vax Pharmacology of sdronorglo tmnsmisdon

8uraura, J P G Wator and oloctrolyto almormalitios of the atrophis -
Bartorhrs muselo of tho frog

Barr W A, G Bromr and A. M Tr Brewaxxers, Correlation sl
botween structure and function i inecet muscles

Vanmorstab A. A. I About morphological roscarch methody for 102
catecholaminos and their distribution in yoammalan thwucs

370
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The alkuloids erythrophleine and camaing like onabein nhibfted
seeretion of cersbrosmnal fluid in the cst (Varea ef al, 1084) and
active sodinm transpoct i the toad-blsdder (Boxrrre and Caxany
1084). Contrary to ousbein, the two alkaloids were Jens effective
hmﬂhﬁngmeﬂunnndmmpmthm&n&nhiﬂﬂnghtﬁ
uﬁﬂttdATPtuAcﬁvityinuhomidplaxﬁluﬂto‘dbhdder
While ombain iohbited Xu transport tn tosd bladder only from
the serosal and not fram the mucosal stde, erythrophleine inhihited
wqually on both sides. Apperently erythrophleine, in eontrast to
ooebaln, penetrates cell membranes rapldly owing to its tertlary
amine struetrrs and this may explain the discrepancy

1t s23 canclunded that the stviking similarity in pharmacotogreal
effects of the tuo groupm of substances b the result of thelr stmiler
effeets on the Na K activated ATPase system.

REFERENCES

Baxroro, AL X 3L Hawxon sod AL B. CasanT Buothom, Pharmsond,
135 13-22 119e4).

and AL R Caw oY Am. J Physiol 207; 1005-1000 (1964).

Varma, T 8 8 L. Bowroed and W W Orrztr Am. 3 Physiol.
15-11 2 (1ead).

206

G P M Horsten sed J E Winkelman Tks effrcts of
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of the streclurs and electrical actinuly of the retima

Latoratory of gen mewrophymidlogy Uneversity of Kijmegen

hmwmmmammﬁngummﬁmotmm
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these irpolaes o early a8 porrfhls.

1t became evident that the development of the eleotrion] acti
“f_‘_t:m\mmmzdumbedhyth}.mm b
Ohmofthercﬂmoﬂhnqnofthwdngsmlho
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betweon the rato of phymeal and omotlonal astivity and eatschal
amine oxcrotion For instanco during undisturbed sleop NA ex
crotion decroases significantly and thoro is practieally no A ex
aretfon  Tho lower HBIAA oxcrotion i ovidenco that not only
exorotion but production of thoactivo amines is reduced duringaleep.

It is obvious that this dopendenco of catecholamine production
and exoretion on stross conditions must be hept in mind in all
types of exporimental work with catocholamincs.

8 YL Bonting Erythrophlexm alkalords eardiac glycondes and
aclive calion {ransport

Dept of Biochemutry Universiy of Nymegen

Erythrophlenm alkalolds (6.¢ crythrophloino cassalno) ooourring
in tho bark Icaves and scods of tho Erythrophioum family beharo
pharmaoologically almost oxactly liko tho cardino glyooaides (4
digoxin digitoxin onabain) although ohomically the two groups
of substances aro quito differont Thoy have a strong cardwtotic
action which after intravonous injection eausea P R prolongation,
brady cardia octopio rhythm socondary tachycardin and finally
vontrioular fibrillation and death In lower dosoa thoy have s
poaitive Inotropio offoet

The cardine glveosdes are known to inhibit sonsitively and
spocifically active cation transport in many timsues This conkd
also bo shown for Erythrophloum alkaloids with regard to active
potassium uptako in orythrooytos Sinco the inhibition of catfon
transport by cardiao gly cosides can bo explained by the Inhibition
of tho Na k. activatod AT aso syatom it was investigated whother
a similar relationship might exist for tho Erythrophleum alkalolds

Erythrophlcino and casanino in 10~ M concentratfon strongly
inhibitod No K activated ATPaso activity in four difforent tmsnes
swithont any offcot on tho acoompanying Mg activated ATPae
A slight stimulation ocourred at a concontration 1/300 of tho half
maximal inhibition eoncontration a phenomenon also
with the cardlao glycosldes. Increasing the potassium concen
tration in tho incubation medium roversed the onzyme inhibition
by both groups of substancea (BoxTmaa f al  1004)
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F Kreuser and J H Schuurmans Stekhoven Puimonary
0, diffsring capacity in the artificlally rentilated anaeshetized dog

Dept of Phynology Umicersily of Aymepen

I has been stated recently that the O diffason gredient in
hypoxia is very amall, if not ble, and that the pul ¥
0, diffvaing capacity is, therefore, very large, both in man and
in the dog In order to further substantiste this surpefsing finding
a weritw of experiments were perfamed in anaesthetreed dogs
(pentobarbrtal) weighing 15-33 kg with artificis] ventilation. Both
the alveolar arteria] Oy pressure difference (AaDO;) and the arterio-
alveolar COy presvure difference (aADCO)) were determined at
twolsvels of hypoxia (0 and 12 / Oy i the inspiratory gas mixture),
The Q; difh ady was obtalned from the totsl measured
AaDO; by subtracting the term a ADCOy/R (where R =respiratory
txthanpe ratio) as an exprewdon of the dumiribution component
or alveolar dead spece contribution of the AaDO; The results
with 8 or 1 % Oy did not differ aignificantly and were pocled.
The mean aADCOy was 3 mm Hg (SD =22 mm Hg) the mean
AaDO; 20 mm Hg (S.0 =4 mm Hg) resulting in an 0; diffasion
goadient of aboot 8 mm Hg and an Oy diffusing capactty of about
10 m! Oy/(min x mmHg) Similar results wers obtained in another
veries of experiments in dogs with spomtanecus respiration (not
reported bere). It was concluded that dogs in hypoxis have a
well defined O; diffusdon gradient from which en Oy difft
capacity of around 10 ml Qyf(min x mmHy) ean be calonlated.
Admﬂumnclmhnmmchedformninnptﬂhmnuc{von

theD:deOdlﬂ‘ndnge-pu{tylnmrmalmb}ech[Knmm
and Vax Looxrrry Caxriavxs, 1983)
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J A J Kljn G P M Horatonand J E Winkelman
An objective method Jor the determuination of the ocxlogram

Laboratory of gen. neurophysiology Unicersity of Aymepen

Normally tho mothod of Ardon 1s used for the dotermination
of tho electro-oonlogram (E O G) Thix method nocemmtates the
voluntary co-oporation of tho test subjoots

The optokinetio follow movement of a rotating rairror appeared
to mve good reproducible EQ G values

The mean values, the roproducibility as well na the influence
of light and darknees was discussed also i correlation with the
blood sugar values

¥ Krouror Physmological meaning of catecholamine excrefion 1s
man under vanows experimenrtal condifions

Dept of Physology Umirersily of Aymegen

Although the adrenal cortex often reeeives moro attention in
conncotion with the humoral aspects of strems tho reactions of
the cateoholamines also deserve conslderation particularly after
the dovelopment of roliable chemical mothods of determination
Tho production of catecholamines ocours in tho adrenal medulls
(ndrenaline) or in the sympathotio ncrvous aystem (noradrenaline)
or in both Tho releaso of adrenaline is influcnced mainly by
omotional faotors and is thoroforo rather unspeeific that of nor
adronaline Is regulated by moro speoific stimuli through the
sy mpathotio nervous system  Various eascs reported in tho literature
show tho difffoulty of distingutshing between different factors such
as homoostasis cmotions, oxcrcise hypoxis cta. Investigationt
during o high altitude expedition to Monte Roen (up to 4500
metres) in 1063 showed a doubling of the concentration of free
catecholamines in plasma and urme which was duo to an increas
of noradronaline with unchanged adrenalino concentration The
free catccholamines as well as tho concentration of hvdroxy
methoxy mandehio ncid wero also increased during a 90 minute
atay in tho low pressuro chamber at an equivalent altitude but
this time tho concentration of adrenaline was increased whereat
that of norndrenaline wnm unaltered Thim differenco might be
explaned by a differenco in the emotional conditions.
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wyutbesis and rate of enxymatie oxydation n by intracellalar mono-
amins axydass The adrenergio pDrurotranemitters are released
upon nerrous stimulation adjecent to postaynaptic recoptor mtes
B{A ard DA) or into the bloodstream {). Termipation of the
poural transmission procees B mainly governed by a rapid re-
uptake process by which relessed catecholamines aro taken baok
into the newrom Seo figure
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R J van Moerten Almumum radius of curvature in continuondy
recorded fraclional gas concentration owrves ¢x relation to disnbulton
draturbances sn the lung

Depariment of Lung function Dr van Spanye thimiel Groesheel

Ono approach for the ovaluation of the uneven distribution of
ventilation porfusion and diffnsion in tho lung is the continuons
rocording of tho fractional voncentration of gases such as He
COs nnd 01 during oxpiration Such an expirntory curvo consats
first of o continuation of the inspiratory part owing to inspiratory
oir from the dead epaco of tho alrways. Then follows & steeply
rising transitional phaso which passos over an axponential phase
into tho flatter alveolar phaso in pathological cascs almost the
wholo cnrve may bo exponentild On tho basis of a sumplo Jung
model inoluding one balloon and ono tube which may be locally
enlarged an exponontial funotion may be derived for tho exponential
part of the expirntory ourve This derivation is based on the
sssumption that tho fractional conecentration of an oxpired gas
changes in time proportional to tho concentration difference
Dotweon balloon and tube tho proportionality constant is oqual
to the quotiont of gas flow and locally incrensed airway volume
and is the reciprocal valuo of the time constant (T) 1t s shown
that this timo constant may be oxpressed in torms of the minimum
radin of curvaturo (Rai) of tho oxponential phaso, With known
gas flow tho values of T' and I'am Aro a mensuro of the tubo volume
locally enlarged in pathologionl cases liko centrilobular omphysema.
For cases moro complox than this model a study is mado of the
concontration fronts moving from tho alveolar entrances to the
mouth where thoy armvo aimultancously during expiration in
normala at reat resulting in Rpo=0 Rp (after wash in of He)
and Roo. aro o measuro of distarbance in distribution of ventilation
and vontilation perfusion mtio roapcotively 1n tho lung Pue i
suggostod as o dingnostio eriterion for the ovaluation of contrilobular
emphysomn.

J M van Rossum Pharmacology of adrenergic tramapi«noh
Department of Pharmacology Medical School Umirersity of Nymr®

Adrenergio transmitters dopamine (D) Jacyo-noradrenalne
(NA) and laovo ndrenaline (A) aro synthetizod from L-tyrosine
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INTERFEREKCE WITH SYNTHESIS

Ithpm-fbhmlnﬂncnealdmm'giutnmhdonmtm!yby
lcﬁnﬁm«mnﬁvnﬂunn{mmtypuo(mpmbm
alo by influencing syntheshs, storsge release reo-uptake and
metabollem of the negrotranamitters.

Lagros methylparatyrosine («MPT) inhibits the ensymatic
formetton of DOPA fram Ltyrosine a0 that the tissns level of
all threo catecholamines will be Jowered. Obvioumly those netrans
that hare s high tuxnaver of catecholamines will first be deficint
if ymthests s stopped. #3IPT does havo an effeet in the peripheral
Dervou spstem {sotihypertensive agent) and In the central nervons
syatem (antipsyehotio drag)

A hipdragine ansdogoe of DOPA, inhibits the drcarboxsiation of
DOPAto DA However decarbaxylation cannot be blocked complate~
Yy 0 thas the synthests of catecholamines is not blocked in this way

Duethyidithiocarbamats and disulfiram mhibit the g-hydro-
xylation of DA to NA. In addition, thix process cannot be inbibited
0 & safficknt degree In order to stop the synthesis of NA and A.
Only in very high doses does dunlfiram lower the timns lovel of
KA. There Is a nced for & potant fhydroxylation inhibitor fn
ocder to inhibrt the synthests of NA selectively while Laving the
DA formation unimpaired.

Thers are no drogs avallable yet that block the {ormation of
A from KA

INTERFERENCE WITH EXZYMATIC
BREAKDOWY

The intracellular oxydation of eatecholamines way be blocked

by vanons drags oh rized as MAQ inhibrtor as for
pargyline and nidlamide Theee drugs interfers with the regulatlon
of the tiwuo level in wuch & way that the level of eatocholamines
in tho nenrony rises by & factar  or more It is conoeivable that
ibe vanous MAD ishibitors, altbotgh elevating the levely of DA
mammd&mm(smmﬁmmm

\onlo!urbu.tmmatondl&nmdcgml’urmph.
vlalamide canees overt stimml while iptanlerid

and pargyline
&“D&.th'mglmthe!umermo-hhfbmrdmumt
wwrong elavation of DA Jerels,
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RECEPTOR SITES

Different effecta are produced by the three natural catechalamies
as different receptors are involved The 1 receptars are tvqueal of
noradrenaline and are located adacent to postsynaptie stmpathetic
neuron terminals i the vegetative nervous svstem and to nar
adrenergio neurons 1n the central nervous svstem (neural trans
mission) The 8 receptors are tvpica) of adrenahine and are located
in various tissues independent of mnervation. Adrenshne reaches
the receptors bv transport throngh the bloodstream (humoral
transmission) Evidence 15 available that there are receptors typueal
of dopamuine These dopamune receptors are probablv also located
adjacent to dopaminergio nerve terminals jn peripheral and central
nervous svatem (neural transmsson)

RECEPTOR ACTIVATORS

Since the three natural catecholamines are strongly related
chemicallv thev mav alto activate the receptors that are tvpeeal
of the other amines. Br chemical modification however more
selective receptor activators can be made than the natural trans-
mtters themselves. Therefare laevo-phenvlephnne 1s a more sele-
tive a receptor achivatar than \A. Laevo-1soprenaline 15 & more
selective freceptor activator than adrenaline Tt is expected that
alzo for dopamine receptors more selective activators mav be
found than dopamune 1itself These selective receptor activators
do pot pass the bloodbrawn barrier and therefore have only perip!
effect unless thev are applied dmectly to bram structures, The
imuidarzoline compounds naphazolme and tetrahvdrozoline are
selechve A receptor activators which mav also have effects m the
brain. Dexamphetamme appears to be an activator of dopamine
receptors m the bram.

RECEPTOR BLOCKING AGENTS

Neurotransmussion of the eatecholamines mav be mterfered with
bv selective receptor blocking-agents. Piperoxane and vohimbine
are relative specific 2 receptor blockers. Propranolol and pronethalol
are speafic 8 receptor blocking agents. Halopendol and rpramide
are relative selective dopamine receptor blocking-agente. ATl three
tvpes of receptor blocking ngents mav pasa the bloodbran barrer
and exert central effects as well as peripheral effects
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IKTERFEREYCE WITH SIXTHESIS

It ta posfbls to tafl leenergle tranambuion not only by
sctivation or Imactivation of the varjoms types of reccptors, but
alo by influendng synthesis, storege, refeese re-nptake and
metsbolhim of the neurotrapimlttors,

Laevoo methylparatyrouns (aAIPT) ivhibits the enxymatie
formatyon of DOPA from Lotyrosine, so that the timus Jevel of
all threo catecholamines will bo lowered. Obvicwly thase netrans
thet have & high turnover of hok will first be deflolent
if ayntheals is stoppsd. NPT does have an effect in the peripheral
nervom system (sntibypertenaive agent) and in the central pervous
system {antipeyobotie drug)

A hydrazine analogne of DOPA Inh{bits the deesrboxylation of
DOPAtoDA. Howerer devarbaxylation cannot betlodked complete-
Iy o0 that the synthesis of enteeholsmines is not blocked in thivway

Diasthvidithtooarbamate and disuifiam inhibit the g-hydro-
yistion of DA to KA. In addition, this process cannot be inhibited
10 & mfficlent degres in order to #op the xynthexis of NA and A.
Only In very high doses docy disulfiram lower the tisers level of
NA There is & need for a potent fhydroxylation inhibitar fo
order to inhiblt the synthesis of NA selectively whils leaving the
DA formation unimpaired.

There are no druge avallahle yet that block the formation of
A from KA,

INTERFEREYCE WITH ENZYMATIC
BREAKDOWKX
The intracellclar oxydation of catecholamnines may be bincked
by sanous drugs characterized as AAO inhlbitor as for imtance
Pergyiine and nialamids. These druga interfrre with the segniation
of the tiwns level io wuch ¢ way that the lovel of eatecholamines
In the newrons riwes by & factar  or more. It is conceivable that
the vancus AAQ whibiton, althongh elevating the fevels of DA
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RECEPTOR SITES

Different effects are produced by the three natural catecholamines
ax different receptors are involved The + receptors are typeal of
neradrenaline and are located adjacent to postsvnaptic sympathetic
neuron terminals in the vegetative nervous avatem and to noe
adrenerge neurons in the central nervous matem (neural trans
mission) The f receptora are tvpical of adrenaline and are located
in varous tiraues independent of innervation Adrenshne reaches
the receptors by transport through the Dbloodstream (humaral
trnsmission) Fridence is available that there are receptora tymeal
of dopamine, Theae dopamine receptors are probably alro located
adjacent to dopaminergic nerve terminala in peripheral and central
nervous svatem {necural tranamission)

RECEPTOR ACTIVATORS

Smco the three naturnl catecholamines are stronglv related
chemically they may also activato the receptors that are typeal
of the other aminea. By chemueal modification however more
sclective recoptor activators can be made than the natural trans-
mitters themsels e, Theru fore Inoy o-phenylephrine is & moro ackee-
tine a receptor activator than \A Lacvo 1soprenaline 18 & moro
sclective f receptor activator than adrenaline It is expected that
alzo for dopaminc receptors moro sclective activators mav be
found than dopamine itaclf Theso sclective receptor activators
do not pass tho bloodbrain barrier and therefore have anh peripheral
cffect unless thev aro applied directly to brain structurce. Tho
imidazoline compounds naphazoline and tetrahvdrozohne ar¢
relective A recoptor activators which may also havo effects in the
brain Dexamplictamine appears to be an activator of dopamine
recoptors in the Lrain

RECEPTOR BLOCKIANG AGENTS

Nourotranamlssion of the catecholamines may be interfered with
by aclectivo receptor blocking-agents. Piperoxanc and 3 ohimbino
are relative specific 4 receptor blockera. Propranolol and pronethalol
are apecifio § receptor blocking-agents. Haloperidol and spiramudo
aro relative sclectivo dopamine receptor blocking agents. All threo
types of recoptor blocking agents may pass tho bloodbram barrier
and oxert central effects an well as periphoral cffecta
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between 76 and 95 % Despito the marked scstiering a clear
oxrelatian between muscle mas and water coatent conkl bo
established. The Jower the weight of the muscle, the higher was
the total smomnt of water Paralle] to the increase in water an
areumulation of sodium per kg wet waight could be observed.
Theso cheervations mggested that an fncreass of the extracellular
ecompartment had to be responsible for the elovated water content.
As measured by the chioride-space the extrecellnlar compartment
tndeed proved to fncrease from £ 13 % in fresh mosclo to 3 H %
sfter captivity Furthermore theso tisne analyses also revealed
some intracellular cedema. Since there seemed to oxist a relationship
between water content or extracellular space snd muscle mam
we tried to get information about the radius of the muxcle flbre.
For this reason we calculated the fibre diameter on the basis of
the potamtum content. From these calenistions it followed that the
mean diameter of 80 x decreased to 34 g after captivity To test
these calonlstions planimetrio studies &y well as funotion-tests
{twitch) were petformed on both freth and old froge. By these
two methods the seme dixmeter could be established.

In conclusion we may say that all changes observed are in
favour of atrophlo alteratlons. They provide s besis for upder
standing why extrewe varistions in extracellutar fluid compertment
are 20 often found, if the Sartorins muscle s weed for study It could
be shown that, to excluds strophlo muscles for experimental
s dimpls water-determination on the control muscle wonld s

W A Smut Loological Instutate, Univernly of dmeterdam,
G Beeht and A M Th Beenakkers Zooloeal Instituts
Cathelic U veraty of \ pmepen
Cmtldwbdmdr-dmcndlndimmmnuda

d“"“*‘ﬁmgnfmdbmm(-)cbemmmmm

warcosomes, *ome erayrmes of the energy producing

0d (c) the staying power pathmay
echanical

R {unetions of musels
&% well a» nearomoseulsr u:ntrol.m greded by Intermal properties
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INTERFERENCE WITH STORAGE AND
RELEASE

Reserpine and totrabenazino reduco tissuo Jovels by damaging
the atorage vesicles m the cell Doplotion of amines howover
may not bo complete mnco synthesis is not impaired Theso drugs
impair neurotransmission by dopletson of all AA DA and 8T
both in tho contral and peripheral svstom

Tyramimo releases NA from ncurons and so causes an indureet
a-svmpathomimetio effect. Amphotamine doea nct similarly in the
peripheral nervous system on NA neurons In the central nervons
system it may also releass NA from NA nourons but also direetly
activato dopamine reeoptors.

Specifie dopamine releasers are pot known although thero Is
evidence that benzphetamino and cocnine may releass dopamine
m tho ocntral nervous systom

FALSE TRANSMITTERS

Mothyldopa is converted into mothyldopamine and mothylnor
adrenaline which act as relensers and to o certain extent aa fabe
tranamitters, ainco thoy tako over tho rolo of noradrenaline whilo
being lews officient recoptor activators.

INTERFERENCE WITH UPTAKE

Imipramino despramine protriptylino and othor thymeloptio
drugs fnhibit the re-upteke of NA but also of DA in norsdrenorgie
and dopaminergio nourons respoctivoly In this way they increaso
tho concentration of tho nourotransmittera near the recoptors and

facilitato the transmission process
Many substanocs are not sclootivo mnce they influence the

transmission process in moro than one way It is obvious that
selootivaly noting drugs should bo used as tools in Investigations

on the nervous systom

J F G B8logors [Water and elecirolyte abnormaltlies of the
alrophic Sartorius muscls of the frog
Department of Phymology Unscersity of hymegen

Studying Sartorius muscles of frogs hept in the animal houso
during winter it was found that tho total water content varked



Acta Plysiol, Pharmecel, Neerl, 14 (1967) S-390" © Nors-Hokend Publisibey Cs.
Yot 10 bu mmppadmd by et Or ol Weckowt WOMSR purimnos Srem T pabiudei

NETHERLANDS SOCIETY FOR PHYSIOLOGY AKD
PHARMACOLOGY

PROCEEDINGS 104TH MEETING
GRONINGEN \OVEMBER 1¢ 1868

Cosrxa, H. D., The demgn of & very fast tonomoter for sereening
Pposes

Hanrx, i, Bormtossrwory EREG responses I nawborn infants se-
conpaned with monoeypaptic refiazes

Earx, 7 H. ran, The oemdo-veetibular reflex macheniem of the pike
(Excx Luciow) during growth

Rorrem, J W The drectional semitivity of eegls retaouls colls in
the eompoand eyw of the blowfly (Calliphors

Lousn, H G Eye movemnents m leepeng tewbom infants

Wrmarorr, H A K and J W Korrxw, The tie-resving
Power m hmocoler vimon

Ormex, C. 7 pix Spreifiitien of the senes celle of taste hairy of
Call;pbors, erythrocerbala Mg
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A A J Vorhofstad About morphological researck methods
for catecholamines and therr distrnibution yn mammalian Lasues

Department of Anatomy Umiceraity of Nymegen

In this leoture the histochomical teohmques for catecholamunes
was reviowed From each mothod wore explained reaction mecha
nism apecifioity senmtivencas, and the degroo of callular Jocalzation.
After that o survoy was givon of tho distribution found in mam
malian tissucs

In conclusion the meaning of cloctron microscoplo nnd autohisto-
radiographio methods was briofly disoussod
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A Hrbek Somatosensory EEG responses in meborn snfanls ao-
companisd with momosymaptic refleres
Dept of Derelopmental D exrology Umwersily of Gromingen
Taing sveraging techniques, cortical ovoked potentisls ao
companylng monoeynaptio reflexes (knee ferk, bieeps- triceps
and lipreflex) m infants were discovered. Seven Infants, six new
boros and one in the sge of fire weeks, were examuned.
The cbesrved ovoked reaponses may be divided imto two com
povents an early primary component most provounced o the
carresponding projection area of the coptralateral sids snd o late
component ocemrning aymmstricelly on both hemfspheres and
reathing maximum around the vertex. The peak latency of the
st defloction is on the average sbout 50 meeo during the firsk
ten days of life Thu valus decreases during the mext days and
weeks,
The respocses behave differently in the two phases of aleep
In rapid eyo movement phase™ the ampiituds of the primary
P %! 4. while the amplitade of the late part Is
decressed in relation to the reeponse pattern in the slow wave
sheep.
Comparative sxaminations carmed ont in three adults show that
there are no important differences In the ahape of the resporme
between mewborn infania and adulta Only the time-course n
adalts Js much faster
Cmmﬂmmmmv«udhdvhm«ukedm&h
(Hraex and Ml 1964 Hawrx of al 1908) gives evidence

fw-.mturmltuﬂtydthowmnmn-yuﬂmm n
pewhorn Infants. -

It is supposed that the described evoked

are o~

REFERENCES

Hunzx A and P Maxxl, EEG clin. Xeurophysiol. 16; §7.
5891 (1
——= I Vhovisd Y m-ﬂ.mmm&lyﬂ—{ﬂtlm
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T D Costor The design of a very fast tonometer for acreeming
purposcs
Laboratory of Physics Umirersity of Grommgen

Tonometers meanuro the intra-ocular pressuro from the outside
by deforming the cornea The relation botween foreo and defor
mation g es information on the pressurc as far as the deformation
cnergy is carmed hvdrostatically to the deoper parts of the eye

Tho oxisting tonometera aro statio mstruments +e during
measurement all parts of nstrument and oye arc at rest. For
screcning purposes  however they are too time-consuming

In recont yenrs the late Profomsor I M Dokking of tho Ophthal
mological Inatituto of Grongingen University devoloped a dynamic
mothod based on the idea that the relationship between focee
and deformation is reflected In tho shape of tho timo - velosity
curvo of an object that collides with the cornea.

The presont author has assisted in the choico of optimum para
moters Shape mass and spoed of tho colliding liammier are the
threo main degreos of designing freedom In order to minimbe
tho enorgy spent in deforming the cornea (which is a functin
of its clastio proporties and not of the intra-ocular preasurch
tho radius of curvaturo of the colliding hammer surfaco should
not bo smallor than that of the cornca which as it consiata malaly
of fibrous tissuo will dovelop high atrossea whon longthened but not
when shortened We have accordingly chosen a convex spherical
hammer tip with a radiua of our:aturo oqual to that of tho cornes.
The collision assumes the character of half a period of & harmonie
oscfiintion whioh makes it attrastive to uso the collison timo A3
the mensurcd quantity as it is independent of the Lammers
initial speed. Tho hammer bounccs back boeforo the subjeet can
react and anacsthesma is superfluous

REFERENCE

Dexxmva H 31 and H D Coaren, Dynamio tonomot £y Ophthalmologes
(Basol) (In prnt 1967 probably)
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mdfnnnd[ur;&uo!l.?cmmdﬂumvﬂnuu{ﬂmmd
310 em respectively

Thonmpl}t\ﬂeormwpo!hnhwmthm‘mmmmthn
0.04 A This is in the seme order of magnitude as the minfmum
dhphcamenluftbohnhlntbam-gmd@rdluthnhummm

REFERENCE
HL b Vires, Progrees m Blophysics 6; 207-261 (1956)

J W Ruiper Ths direchonal seant nily of single retinule cells
fx the compoxnd epe of the Bosfly (Culhphora Erylhrocephala)

Depariment of Biopkpncs Laboraiory of Phynes Umrersily of
Gromingen

Thes drrectional sensttivity ¢ of a aingle retinula cell f1 dstermined
by the dumster of the receptor part of the coll and by the tmage
formed by the refractive system Becanse of refraction end dif
fraetion of the small lems there fs no sharp focal pont, bat & foesl
lme whreh extends along the opteal axhs (Kvreen, 1067)

The directiopal senvitivity calcolated by wing the geometric
parameters and the refractive indices involved is in accordance
with the electrophyuiological Bndings of Wasmmo o ol. {1964).

REFERENCES
Kerxa, § W In “The fanstiona) organmation af the Compound Eye
G DBrxctano (ed.) Pergumon Prew; pp. H-51 (1968},

“‘u‘nxv\ D Brxxwanot and P #rxxcx, L. vergl Phywol. 48; £13-428
1944}

H G Lenard Ewe motements in Heepang mechorn infants
Dept of Derelop ! Vewrology L y Hoepital, Gromngen

mpﬂmmmu(ﬁml)durmgtbe»ﬂlkd"ﬁmlahm"
{Asranaxy and Krernux 1033} or “parsdoxieal phase (Jovver
1985) of sleep have beon recorded ¢ phically in the
rvurnofpo}ygnphjelnmﬂgndﬂn-lnnfuﬂmhedthymbam
luhnt-.l’lmhmmttmthmﬂ!y bt in an irregulanty varying
amount durlog an epoch of REM-aleep. Paralle] recordings

with
ﬂmeeonﬂmho(&lmdlolhorvdthtﬂﬂhmdnn
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J H ten Rato The oculo-restibular reflex mechanim of the
pike (Esoz Lucius) during growth

Department of Biophysnics Laboratory of Physes Umcernly of
Gromingen

The dimensions of the labyrinth undergo notablo changes durlng
growth Tho threshold of tho oculo vestibular reflexr howover
is independent of the length of tho pike, as wo havo establubed
expertmentally for horjzontal angular acceleration W o aceordingly
poso the question how this is posaiblo sineo tho mechanism of the
eyo movement bohaves lincarly noar threshold and is independent
of tho azo of tho pike

Tho threshold  of tho senso opithclivm is a function of the
arca A enclosed by tho eanal tho length Iy and the radius ro of the
natrow part of tho eanal tho viaocosity 5 and the denuty ¢ of the
endolymph and tho cross-ecotion O of tho ampulla With tho
aid of the differential cquation propesed by HI pr VRIES (1836
wo denvo

Ap Hroty m

= oh o

y ia tho angular veloaty of the sinusoidally moving anjmal
Wo dotermined the dimensions of the labyminth in 40 pikes
varying in body longth (I in om) botween 4 7 and 07 em

We obtamed A =0085 [1™ mm? I =080 [** mm
0,=0030 [08 mm? r =0063 [ mm

Wo also measured 5=00125 Powso p~1007 gfem? and y= /et
With (1) wo find
=14110097 A )

As s atill depondont on ¢ wo dotermined tho height Ae of the

cupuln
h =00 194 mm

Now [At=37 x 105 P01 {s practically independont of the body
Jongth Ono poasiblo concluston ia that tho stimulation of the
organ & mediatod through the bending of the oupuls. Wo havo
aalonlated its radius of curvaturo rosulting at throshold stimulation
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threttme (25 gaec) for baoth eyes. Theleft flash, however way delayed
with respect to the right one by a thme At

Wo determinad the threshold vatws At for which m positive
m@zﬁunoftbeax:htnmofadel"batmntbetroﬂuhu
waa given with a probability P end found PO % for M=}
e, and P=100 4 fur 4t=30 msee. Plothing P versus A¢ w»
obtatned & eurve thet in the range of 1 meeo <4t <17 msec oan
be nicely approximated by the linear relationship P=10 Af+ 58 o

This reeult shonld enable s to determine whetber or not thefe
ars eigniBeart differences in eoding between stimull whase product
of intensity and daration is comstant (reelprocity relation) but
are unequal in daration }f theso coding-diferences should result
in & change in peroeption-delay of a fox meecw

Iu the wecood series of experiments we accordingly ehanged
aoe of the farbes (the left one) in such & way that the product
of intensity and duration was kept copatant, and chose for the
daration Ty~ 4440 peea, (= 12 times T} and T 8880 wee0 (= 4
times Ty) Plotting the resulting threshold values 4t wgainst P
wt frond two curves that are xmfler 1o the one obtalned with
jdentical flashes except for & displacemsnt to the left by en amount
of 4 mseo and 8 meeo respectively

Ve conclode therefore that thare does indeed axirt a different
coding for unequal flxthes within the tecipcodty relation.

QG 3 den Otter Speaficilies of the semse celle of lasis harrs of
Calhphora enpthricephala My

Zosloyreal Latoratory Usirersity of Grormgen Heren

Toneenn&nthumtunufthucdluinmﬁngmhlh
of the bluebottle Calliphora erythrocophals Mg ww recorded the
impulwes geoerated m theso bairs when applying water and diferent
concentrations of sodium chioride and sucrose Morrprer we
stimalated taste bamy with 0.5 M sotutions of diffarent chlorides
and potasium salte

The znmhn- of celi active doring the stimulations were deter
ouned by making
il 0g frequency distrflations of the amplitudes of

When stimulating with eslt one two or thres cells became
setlve drpending on the mit coneentration and on the location
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miperimposed on elow rolling movoments Interval histograms
of REMs have negative exponential distributions which seem to
be tho result of several random pr Interval histograms of
oye movemontas of awnko babics aro more regular and contain
less longer intervals In contrnst to observations in adults (Deest
1064) thoro aro no ove movements at all during quict skep in
nowborns, Synchronously with tranment increases in the amount
of RFAls thero is an inoreaso in froquency and wregulanty of
reapiration o dopression of monosynaptic reflexes and an increase
in tho amount of small muscular twitches Thero are no aignificant
changes in heart rato and no changes in the power denaity apectrum
of the parloto-ocerpital ELG dopendent on the amount of REMa

Brzzt ¢ al (1064) found an increased discharge rate during
REMa in tho medinl and descending vestibular nuclei Poyprnse
and Mornmsox (1065) proved that bilatern! intaotnees of thee
structures js indispensable for tho occurrence of REMs. Statistical
analysls suggests that tho cyo movements during REI sleop repre
sont a complox random process Ono might hypothesizo an inwresse
of random noise in tho vestibular nuclel during REM-slecp.
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1 A K Mastobrook and J W huipor The lime resdring
porwer tn binocular cision
Department of Biophysica Laboratory of Physics Umrersity of
Qromingen

In tho first serics of exporimonta tho subjects nght nnl}ult;g
tyo havo boen stimulatod soparately (n tho binocularly i,
field of vision) with rootangular flashos of bright whito light ¢ .
woro identical In Intonsity duration (Tp=Tpe=3 0 js00) a1
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THE BEHAVIOUR OF EVANE BLUE (AZO-DYE T 1824 IN
THE BODY AFTER INTRAVENOUS INSECTION Y
”
G B. A, STOFLISOA sup P J J VAK WUNSTER

INTRODUCTION

Evans blue b frequently ueed to dstermine the plaxma volums.
Tho substance combines specifically and finmly with albomin s
kg as the eombining capedty of albumin for the dys b not
exceadod, Thie ta why 1 was balleved that the plams disappesrance
enxte of T 1824 woald yreld further data about albumin catabobiem.

ot investigetors did, using ¢ new method (o determive the
Evans blue.

About the dbstribution of T 1834 throngh the body s excretion
and bresk-down litla i known.

It bas been extablhhed that the dye dissppears mare rapidly
from the blood than does U1 albumin. Thie mede Le Vrxx and
Fremusw (1047) soggest that in the body the dye s released from
the afnin without the albumtn betng metsbolited. To kavestigate
the repid dwappearance of Evana blos fram the blood wo studied
the total excretion of the dye and whother somewhera in the body
T 1324 s socumnlated or broken down.

MATERIALS AND METHODS
THE GALLBLADDEA YOXFOLA

\\;hwmmy:pﬂ&dda&tnhmm&dﬂbdﬂptmd!ng
tnlhnowm(lw;’lhbuommmghthumbburhxmd
eolieeted once in 4 hoors throogh & three-way tap,
T;wa-mmmwhmw

Frre
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of the hair (Dex OTTCR 1 press) Two groups of cells could be
distinguished 1., salt cells and non salt cells. The salt cclls were
mainly responaive to cations but presumably alao to anlons (Drx
Otren and VAN DER Porr, 1085) The non salt cells could be
subdivided into moro or less =ensitive water receptors and ecl
which till now have an unknown function

The responses wo obtained to different muerose concentrations
slhioned activity of two cells (Dev OTTrr and VAN DER STARRE,
in preas) Tho reaponses of ano of these cells wero clearly positively
correlated with the changes in sugar concentration tho impuales
of tho other cell ahowed a tendenev to ncrease their frequencey
whon tho sugar concentration was lowered In by far the most cascs
water also evohed activity in two cells (DEX OTTER and \ v¥ DER
STARRF in press) in about 10 %, of the stimulations impubses of
ono coll only liave been revorded

REFERENCES
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DETEXIRATIOX 0¥ EviXs NLUR mr TIE BILE

Wbcntr_vhgladetermlmthnammtofEnmh!minbﬂﬂ
aevording to the method as desorfbed for plamma we were faced
with the diffcalty that to s certain extent bilirabin too, ix edearbed
on cellalose ‘I‘hhpurrntla.\whdmof&nqmntl‘tyolesu
from the difference In optice] density before and after adsorption.
For this reason we oluted the dy» quantitatively fram the celluloso
column wslng dimethytfarmanmide (DMF). We preferred DIMF to
w%ma:a.-dmtvhiahmmmmmidbym
(1931 1953}, beoanse in our experienoe scotona doos not elute the
sdsocbed dye quantitatively from the colamn. This results fn
erroneous valves especially in the fow concentration range.

DMF however alio partly removes the adearbed bilirabin, By
measuring the opilos] demsity of the cluste at 820 mx and at
450 mpu (the adsorption maxims of Evans bios snd of bilirubin
respectively) & oarreation for the co-oluted bilirnbin can be applicd
s follows

OD.aurrveted = O.Dtro —0 04 x O.Dipe + 0 004 X OD.ane-

Oxidstion of biirubin i prevented by adding ascorblo acid to
the bile

Procedure

To 10 ml bile 10 ml of & twioe-dituted solation of comtcentrated
Rogypen TZ and 20 m! of & 200 mg/100 ml solutian of asserbio
ackd (r 0,9 5, Na(2 are added Thin mixture fs centrifuged for 10 min
at 15000 x g

A glam tube 5 am In length and 05 am in internal diameter
In Joosely packed with Whatman or 1 paper powder By » length
of pars-rubber tabing previowly tmmersed in DMF for 4 hours
to extract any tracea of dye, this ecumn s fitted to & fannel.

A known quantity of the bis mixture 1 filtered and the column
hm&dwﬂh‘mlb?%hnﬂvﬁ!ﬁhmﬁmttamum
nmuﬂmbtdemofhllrnbiu,\mtbeghahhhbnmd
and the cotumn bs eluted with 1 mi DMF 1 ml0 9% XaCi I ml DMP
lmlU.ﬂ%\l(llndlmlD)ﬂ'rﬂpt&rﬂy The volame ts made
tubmlthhon,o\taAﬁerrndh:gtheopthldcndtyu:lg
nndﬁ.‘ﬁm,-tbnmvcﬂunfurﬂ]]rubhhupplkd.sundmm
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FURIFICATION (OF EVANA DLUE

Commercial preparations of Evans blue often contain s red
impurity (GREGERSER AND GrrSoN 1037 ScHwaiBTIROIT 186%),
which in our Merck and Gelgy batches amounted to 4-6%. In
ordar to cnsure reliable data the dyo was first purified. An aqueons
solution of tho fmpure Evans bluo was treated with coneentrated
sodium acotato This proccduro was ropeated until the dye was
chromatographically pure (Brarr Organic Synthesis 1044)

DETERMINATION OF EVANS BLUE IN THE PLASMA

In goneral tho concontration of Evans bluo in tho plasma M
dotormined spectrophotometrioally a correction befng necesary
for the plasma & own colour As thm colour s not constant, howover
plaama samples oolleoted at the beginning of somo long term
investigation ahould not bo uscd as blanks over the ontire period.
Coxorry and Woob (1054) arnived at o correction based on optieal
denmty (0.D) measuroments at various wave-ongths. Such &
corrostion ia lss rolisble though and may result in considerable
ctrors espeanlly at low dyo ooncontrations. For tlus reason ¥o
used tho method doveloped by WyERs and Vax Muwsre (1981)
In thismothod tho blank valuo of cach plasma samplo }s measured
by climinating tho Evans bluo from the plasma to bo investigated.
To ashiovo this tho Evans bluc-slbumin bond is dissolved by &
dotergent after which the freo dyo fn tho prosenco of NaQl b
adsorbod on a loosely pached column of Whatman nr 1 cellulos
powder placed insido tho stem of a 4 cm funnel

Procedure

3 ml of plasma is dilatod with 6 ml of 099 NaCl and 3 ml
of 0 209 solution of Rogypon TZ1) (s domestio detergent) T:l“
optical density of this mixture is measured beforo and after tho
ndsorption of tho dyo on occlluloso at 020 my in 4 om microcells
usng a Unicam 8P 500 apeotrophotometer From the dlﬂ‘crm:
in optical donsities tho Evans bluo concontration is mlmln!ugauy
compsrison with & standard ourve This standard curvo i perfeotly

hnear

1) Obtained from Rogiar-Bosman, Rotteedam, Tho Netherlanda.



TR PTMAVIOUR (F X7i¥E BLUN »ns

Anrutaboex;mtad.tboltdﬂofucuamuhedlm:ﬂmhk

amount of andigested oellalose to which & large part of the dye
tned adsorbed. After repeated extraction with DUF finally

M%ofu&iedqmnﬁdun{!?mblmmmvﬁed

Procedure

)medmmmgmdm.mmmdudmwml
D)lI‘mdquut:nnd.Aﬁacmh-HugingnluooOxgthondhmf
Iy extracted with, respectively 20 ml DMF 20 ml! 00% DaQ,
20 ml DMP 20 ml, 0 9% NoCl and £0 ml DMF

Tho total smomnt of extract is deslceated s racwo (0 1 mm Hg
£t 40 O} The resitne s dissoired In & known quantity of s 5%
demmmmulﬂOngthndnwmhlﬁon

of the Evans hlus s carred out acvarding to the mathod as described
for bile

EXPERIMEXTS AND RESULTS

In 8 bealthy men, who had fasted for 10 hours 0,5 mg Evans hlns
per &y body weight was injected intravenomly According to
Rawson (1843) ArLeX snd Omarovars (1930) and BcawirTIROPF
and Hézpes (1060) this dosage does not exoeed the binding capacity
of slbumin for Evans bioe Ten mirmmtee after infection the plasms
dyo concentratian was determined this valus was considered to
bo the tnftinl value, At first dally but afterswards twice & woek,
he determination was repested and thus we followed the dis-
appearance of the dye from the plasms for about 65 dayn. The
data for each individual were plotted semiogarithmically aguinet
{be tims, The curves showed all the sams ghape (FIg 1a and
Fig 1b) After the tenth day three randomly chosen cuzves wers
webjected 1o & regression amalysis. A straight Une and & parabola
wero fitted to these curves. The reduction of the residual variance
obtained by use of the parabola fnstead of the stralght line was
Mwmmmlm.mmmmmm
convertional F test (Sxxprcoz, 1636). The resnlts appeared to
e highly signifieant ln favour of the parabols. Therefore we
W;h::llhllthnhmrﬁtmmmﬁ&nt.

lmenyhﬂmrmnldug-(nigh&n.m plasma
dhmmmmopbtkdmnhmlghﬁygmnﬂa
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obtained by adding known quantitics of Evans blue to the sams
medium

Recorery lest

To 5 m! of bilo diluted as deacribed known quantitios of Evans
blue were added and tho recovery was calonlatod

Added Recovered  Tercentago

2,00 pg 197 pg 8.5
400 ug 30 pg 98
8.00 ug T2 g 985

DETERMINATION OF EVANS BLUE DY oRaans

In this investigation tho animals wero bled to death under
penthothal anncathesin A welghed-out part of an organ was cut up
and ground with a known quantity of 09% NaOl in & Bithkr
homogomzer at 50 000 rpm  After the tissuo pulp Lad been dilated
with an equal volumo of a 502 Rogypon solution and 2 volomes
of 00% NaCl tho mixturo was contrifuged at 15000xg In the
supornatant tho Evans Bluo waa determined by tho method 8
describod for bilo Noxt, tho amount of Evans blue per gram
(wot woight) waa caloulated In a fow eascs tho acdiment contalned
shreds of tissuo which still showed tracea of dye Accordingly in
such case tho dotermination would yicld valucs that wero slightly
too low

DRTERMINATION OF EVANS BLUR IN PALOES

Evans bluo is docolonred by tho inteatinal florn. Therefore when
tho oocurronoco of T 1824 m facces was investigated tho contents
of the doga intestines woro sterilized For this purpaso thoy reectved
3 days before tho administration of tho dyo and during the
oxperimental period overy 6 hours 2 tablots of Nobacetin ) omally
Thoso antibiotion were effeotive in suppressing tho intestinal flora
for 8-10 days. Evans bluo solutions incubated with facces obtained
during thia poriod woro not decoloured

1) 1 tablot Nebacetin forto (Lundbeok) contains 165 mg Meorayemo B
baso and 12.500 U DBacitracine,
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Aamtobeeq)cduithadcrﬂoﬁmwnulmdnwmldmhb
amount of andigreted celluloss to which s lcge part of the dy»
remained adsorbed. After repested extraction with DMF finally
w—w%dnddedqunﬁthofmbhommod

Procedure

lowdﬁecumgmmdlnnmu:tagntbanﬂ:mml
DMF and quarts ssnd, After centrifuging at 15 000 x g the sedfment
W txiracted with, respoctlyely 20 m! DMF 20 ml 0 9% NaC,
20 m! DMF 20 ml, 6,0% NeCl and 20 mi DAMF

The total amount of extract is deaicoated 13 eoewo (0 1 mm Hg
1t 40 C) The restdne is dimolved in & known quantity of & 8%
Rogypon sotation, After centrifuging a# 15000 x g the determination

of the Exvans blne Ja carred ont aocarding to the method e deseribed
fox bile.

EXPERIMEXTS AND RESCLTS

In 8 heafthy men, who had fasted for 10 bours 0 5 mg Evave bles
per kg body wesht was injected intravenomly Ascerding to
Rawsax (1043), Az and Oramovars (1050) and ScEWARTIXOPY
and HoLrrs (1960) thie dosage does not exoeed the binding eapeaty
of albumin for Exana blve Ten minutes after injection the plasma
dye eonceniration was determinsd this valne was considered to
be the inftial valus At first dafly but afterwards twice s week,
the determination was repested and thus we followed the dis-
Appearance of the dye from the plasma for about 85 dsys. The
Gsta for sach individual were plotted semffogarithmioally against
ﬁetiml‘hemunhcwtd.ﬂthemnhxpe(ﬁg.hmd
Big. 1b) After the tenth day three randomly chosen ourves wers
wbjected to & rogression analyee. A straight lins and a parabols
were fitted to these corves. The reduction of the rewidual varfancs
oblatied by s of the parabols lnrteed of the straight line wea
Mwmmmm.mmmmwm
':?enthmlPtmmmmlm)’ﬂmremlulppundm
mﬂﬂyngnlﬁnntiniumnrotweplnboh.wmvﬂ
m‘;;h:;td&n'hsllwﬁtmmﬁmt_
¢ fame way in 8 normal dogs (welght ¢ 20 kg) plaxme
ﬂ-wunmnrmmphucdm-fwm}ghuypcrbdm



304 G D. A STOCLIXOA AXD P J J VAN MUNSTER

obtamed by ndding known quantitics of Evans hluo to tho sams
medium

Recovery test

To & ml of bile diluted aw described known quantities of Evans
bluo wore added and tho recovery was ealenlated

Added Recovered  Percentago

200 ;g 197 o 8.5
400 pg 3.0% g o8
800 ug T mg 065

DLTERMIRATION OF EVANS DBLUR IN ORGANS

In this investigation tho animals wcre bLled to death under
poenthothal anneathesia A weighed-out part of an organ was cut up
and ground with a known quantity of 099 NaCl in a Bahler
homogenizer at 50 000 rpm  After the tissuo pulp had been dilated
with an equal volume of o 0% Rogypon solution and 2 volumes
of 099 NaCl the mixturo was centrifuged at 15 000 xg In the
supernatant the Evons bluo was determined by tho method as
described for bilo Noxt tho amount of Evans bluo per gram
(wet woight) was calculated. In a fow cases tho sedument contained
shrods of tissno which still showed traces of dye Accordingly i
such casos tho determination would yicld values that wero slightly
too low

DETERMINATION OF EVANS BLUE IN FAECES

Evans bluo is decoloured by tho intestinal flora. Therefore, when
tho ocourrence of 'T 1824 1n facocs was nvestigated the contents
of tho doga intcestines woro sterilized For this purpose thoy reectved
3 days befors tho administration of tho dyo and during the
oxporimental poriod overy 0 hours 2 tablots of Nobaoetin 1) onally
Theno nntibiotics wero effeotivo in suppreasing tho intestinal flors
for 8-10 days Evans bluo solutions incubated with facees obtatned
during this peried wore not decolourcd

1) 1 tablet Nebaeotin forto (Lundbeek) contains 185 mg Necaryeiae B
base and 1500 U Bacitracine,
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umwummomnmmmd.mb&
amomnt of mdigested collulose to which a large part of the dye
Mmﬁmmwmﬁmﬁmbﬂﬁmﬂy
63-00%, of edded quantities of Evans blus were recovered

Procaduers

lo;rnm.auf{;mamgmmdinnmurtogdhavﬂhwm!
DATF and quarts rapd. After centrifuging at 16 000 g the sediment
ke extracted with, respectively 20 ml DMF 20 ml 09% KaQl
20 ml DAIF 20 ml, 09% NeCl and 20 m} DMF

The total amount of extract fa destocated 1 roewo (0 1 mm Hg
at 40° C). The restdne is dimolved in & known quantity of & 5%
Rogypon sotutlon. After centrifuging st 13000 % g tho determmation

of the Evans bluo s cartled out sscordmg to the method as dewcrfbed
for bile

EXPERIMENTSE AXD RESULTS

In healthy men who had fasted for 10 houry, 0,5 mg Evans blve
per kg body weight was injected travenomly Acocrding to
Rawsos (1943) Arrrs and OmaBovATS (1850) and Scawarrrxory
and Hbrzrs (1060) this dosage doos pot exceed the binding capacity
of albumin for Evans blue. Ten minutes after injection the plasma
dye concentration was determined this valos was considered to
be the initial vales At first dafly but afterwards twice s week,
the drtermination was repoated and thus we followsd the dls-
sppearsnch of the dye from the plasma for about €5 days. The
data for each individusl were plotted semilogertthmically sguingt
the tlme The curves abowed all the same chape {Fig Ia and
Fg [} After the tenth day thres randomly chasen curtes wers
mb}vﬂedtonrrpv-imlnl‘ymAltﬂlghtllnolnﬂlplﬂboh
were fted to these carves. The reduction of the residual variance
vbhinedbyuuo!f.hcpnbohhﬂtudofthnl&dgmlhsm
Mlanmntbmmidndﬂrhmubomthep-nb&,uﬂngtba
tonvetional F test (Sxroroom, 1938), The resutts appeared to
bﬂhlg‘hly!lg‘n‘ﬁmntinhmurofthapcnbda.’ﬂ:ﬂefnt-n
m';:h:!d\hliﬂwlmurﬁtmhmﬂdmi

ame way in 8 normal dogs (weight ¢. 20 ) plaams
m‘mmmﬂomdmlfuﬂnjghﬂy:-hd;na
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intravenous injection of 2-3 mg Evans bluo per kg body weight.
This dosage did not excced tho binding capacity of the albumin
cither Tho individual curves of tho dogs aro presonted in Fig 2

*%
1009

209

s00

300 \
200 N
100

w
50

—_—

1
¢ t 4 6 8 1 3 H » do?

Fig 2 Thodhup-penmnmnvanmbh»fromﬂnbloodinammldOB"

Prom theso curves the arithmetic avorngo was calculated resulting

in ourve A (Fig 3) I[udogﬂt.hcdlsn}:q)v;m‘x-nnonoi‘tlmdyt)frmfnﬂf'e

ploama ooours at & considerably moro rapid rato than in man

which confirms tho findings of Srar et al (1053) and of ALLEN
REGERSEN (1003

mgnc:u other do(gn u)gn]llyla.ddcr fistuls was mado and the b’l:]’

produced was collested. Tho quantities varicd between 100-200
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2 4 3 s © r daye
Fir 1. The dmeppesrunce of Evass bioe from the blood in dogr. As The

arithmetis svecage of the § nocroal curves ploteed in Fig 2. Band C In thase
entyves the eharp break Indiostes the momens when the

fxtule
becarne cbeiructed. Afler ous day the curve follows Ha inhdal eoarss.
D Dwappwsrance szrve m  dog in which the d. choledoctus was opematively

& day being faltly constant for cach dog After intruvencus Injection
of Evans blos, desppearance carves were obtahued these curves
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woro tho same s thoso of normal dogs. Besides tho daily excretion
of the dyo with tho bile was dotermined In Fig 4 theso valots
aro plotted as porcontages of tho injected dose.

Evans blue
(%6 of injected dooe)

4-
76% =380 mg 6,0%a 2,99mg

3
2 dog 2 dog 3
1 L

4

| 119% =604 mg 140%=7 64 mg
3
2 dog4 dogB

136092 8,00mg 143% 880mg
3
2 dog 6 dog 23
1
4 6 8
2 4 6 8 2

Fig 4 mmlmotmummmbmmummm«-hw
hdoppbuedupamtaauofuwin}wtcddm
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Amiping tho plssma dissppearance curve, Wyrzs and
VulIm(lN!)un:m.odthtwﬂ'ydAynwmuntpereaﬂaso
nftbonmgngmonntddyvdrmhthzginthnﬂwd Iy exoweted
hthshﬂa.“’ethmfomu]mhtedthnpaurﬁgﬂdthndlﬂy
mthleLamdodlnmyocto{theqm&tydmnhﬂng
i the hlood on that particular day As b1 shown in Table 1 thess

Taxex 1

Amecnt of Evons biw duily cxcraal in (o bile in perciwiages | Do everoqs
sty of dye ciromboting n $he blecd cm Ot partiomler day I%e emownt
o} dys is calendaied frome e induridual dssappenrency sxror

Trog Doy ajter imiravencxs injection

1 2 1 3 PO T T T »
T 32 %101 RNILE SGIe%IT LA 1SN
3 24 8.45% SSLQL 0% 100% 180%, 1842 0%
4 1 %278 %263 %2989 409% 40,0%.252%
L LA N N RALINILONIT 0%I00%
. 1 %lzes a3 0%, 58,0%,51 0% 46,09, 27,04,
n LN % TP & 9% [TL0%I9 0330 0% 28,19 430, 30.0%

are not constant however The total exsretion of
T 18.4 in the bilo after Intravensus fnjection appeared to be rather
snal] maximally not mors than some 189, of the quantity injeeted
¥ recovered (Fig. 4) In two dogs the galibladder fistuls became
cbrtrutted n the course of the investigation. This resaled in but
& brief re0 of the plasna, Evans hive level, after which the dis-
sppesrance curve fesnied fts original course (Fig 3B 3C). Also,
after igation af the bile duct to prevent the excretion of dye

o the biliary ducta the disppearance ourve devisted only alightly
from the normal one (Fig 3D).

bemnﬁn-h]-lnthel}rerkﬁney-rﬁunmﬂintholymph
nodes (Table ). In the lungs, heart, skeletal muscles intestinal
m‘:mlwhmhmumw{nﬂnnymd!bedynm
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three bothtbeqmﬁtyu{'rlsﬂhthpmmmdtbe
qmnﬁtyh cmeteddns' in the bile was determined. In total 38-47%
of the injected doss wus recovered (Tabls 3)

Woinmﬁg-md-—hotbdnﬁcrinmmomlnjwﬂonoﬂinmblm
ﬁndynhuxu—e(edinthnhem}‘nrthkpwpmewﬂrﬂtn&d
whether the dye fs absorbed In the intestives. After sterilintion
of the intesthnal tract with Nebacetin a dog was given 200 mg
of Fvans blus orally Whereas in the facoes 165 mg wes recovered,
mdnoouldbemucdtnthephmmdinthandomurpm.
In soother dog, which had received 10 mg Evaas blus per os
ﬂyﬁmsmmomtd.m:nmﬁonedbefmiumdaturmm.ﬁw
of the amomnt of dye in facces gave s recovery of B0-00%.

Accordimgly i ts our view that there is bardly any absarption
of the dye In the intestines.

Next, In two dogs the bile duet was Ligated and a third was fitted
with & gallbladder fstnla, after which these three dogs recatved
an injection of 3 mg Evans blue per kg body welght. Only over
the firat five days after this njection messarabie quantities of dye
were found in the facces the total quantity exereted ws reapestively
8% 203% and 174% of the miscted does

DISCUSSION

Bawsox (1843) Arvex and OnaEovaTs (1950) end Sarwivroxors
snd H3Lxem (1060) caloulated that 1 albumin moleculs fs eapable
to bind 11-13 molecules of the dye. Aziex end ORamovate (1951}
#tated that this bond b »o finn that in pormal plasms there will
ocour 1 free dye lom & sgainst 1000 albumin-bound molecules.

The distributioes of Evans blas over the mtravasenlar spece
and a4 disappesrance during the first hour after intravencas
hkcthntmnpa‘&dtnboeqnﬂtothﬁd"‘-‘ﬂbum}nby
Crorris o ol (1030) Bram of o (1833) and Somvrrs o ol. (1933).
Stodies of Le Vexy and Franax {1947) CoworrY and Woaon
(1384), Wress and Vi Muysrzx (1981) and Gamxow and
Waretow (1059) showed however that after the firnt hour the
d!’"d—i‘m‘ﬁmlﬁobhodmnehmnp!d}y Heneo Ly Ve
lbanmv.u(luT)nndGmwdenmpw (1939} mferred
that “MﬂrebmdbdmnEnmhlmmdl[bummhm
ﬁmﬂmb\mhbotnmnlmmfarﬂbﬂmhmw
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pearance of the dye from the blood might bo explataed if it
d:dpdbcnhnnthnws:mhthebodv-mdmbkmmi
of Exans bloe b excreted sccumulated or broken down. This
blem was studied by m in dogn

Fu)hu.n (147} funnsrth-t Erans blae is excreted In the bile
over the first hour the exeretion turned out to be on en average
4% of the quantity injected. After a latent perfod the concentration
fa the bile decressed proportionally with tho blood coneentrations,
bat at & lower lovel

1n our experiments we found the total excretion of T 18 4 In
the bile aftet intravenons injection to be rather small, maximally
Dot more than some 15% of the quantity injected was recovered
(Fig 4). Mareorer wo showed that this exeretion over the second
day when the concentration In the plasma has already dropped
considerubly is as high oc oven higher than over the first twenty four
boars (Fig 4). Thua we may speak of & certain tardiness in the
excretion throogh the liver

Obstraction of the bile duct resulted tn only a alight deviation
of the plasma disappearanoe curve In comparison with the normal
ooe {Fig 3B C D).

These obscrvationn pofat to the fact that the excretion of dye
in the bils has no considerable effect on the course of the dis-
apprarance curve In our animals which were free from albuminaris,
there was no excretion of dye In the urine We succceded In
demomstrating that after intravencus Injection of Evans blus this
dye was exerrted fn the fartes. But thiz exeretion was no more
than » wlight percentage of the tots! injected dose (1 T4-3 %)
fumhmlgubnhmofmuatnternthduampm
bowerer the assumption of HoLyux of af (193:), W ETTERIOXN of 0]
(1980) and of Bapaxnux o of (1960} that excretion of scrum
sibamin in the intestines o part of the nocmal protetn eatabolbm,
for the onls possiblity for Evans bive to enter the intestinal traet
Bt when bound to albumin, Becanse a3 wo showed there s no
tesorption of dye tn the intestines the exeretion of Evara blos in
the facces, consequently is & mearnre for the exeretion of albumin
i the iotestines. As, bowerer the determination of the dye In
the faccea ta not mfciently exact £ was not pomlble to arrive
At & quastitatire ealculation of the Intestinal albumn cutabolism,

hh&wnddyvimmﬂoodmotm}yhnpkm
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10 contradsetion with Wrzss and Vi Muxsrzz (1061) GQamrow
od TarEarow (1950) and SCHWABTIXOFT and OETF {1000) who
stated the eurve had an expouential conrse Further constderation
dthewmdm‘bedbyWrmtnqulIm(lNl)unﬁ
meeby(lmw-.nd‘hrmmw(lm)wbnfuﬂondtbndh-
appearance of Evans blue over -3-35 dayw only 1 likely to reveal
that when comtinued over a loger term those curves will pot
present an exponential course either Coyoriy and Woo (1954)
too, point out that the course of the dissppearanes curve la not
10 exponential one.

e demonstrated In dogs that after Intravenous injection of
Evans bles the dye is socumulsted in several organs, Therefors
wo think ft very likely that in man dye from depots may be restored
to the cirelation, which fact explains that the Evans blue dis-
sppearance curve has no exponential eourse.

As mentioned by WoLr (1952) and by Alrxre and Moz (1053}
420 dyes bave caramogenk properties. For Evans hiue this might
be explained by the above-mentioned accummlation in certain
organa, WWILsOX {1857) has ahown that this dye hasalso a teratogenls
eficet on the foetus. For thie reason some reservs in the use of
T 1824 for dagnoatio purposes wonld secem to be destrable

In three dogs (Table 3) we determined the quantity of T 18.4
in tiver Midney spleen as well as that exereted in the bile 12 resp
10 deys after intravenous injection. In total only 36—-47% of the
fnjected doso was recovered If in these dogs the quantity not
focovered shonld be dutribruted diffasely over the remaining part
of the body the various argans would present & dys concentration
of circs 0.0015 mg/g timue. Although aecurute determination of
Tower coneentrations i not possible qualitetive damonstration s
fairly eary In the Junge, heart, skeletal mmcles and suboutaneous
bemie bardly any dye was traced, the concentrstion of the dye
belng certainly far below 00015 mg/g tiswoe.

Benco we may conclude thet Evans bloe is not only exereted
n the bilo end acrumalated fn varivos organs, but aleo that &
\age amount must bo roken down in the body

SUMMARY

(T 1934}, alibough spacifically and frmly boand
trncw for thie serams protein; the dyw will dissppeer

The o dye Evana hine
0 albmnm, fe no real
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by oxeretion wo wondered whether T 1824 might bo accumulated
somowhero 10 tho body

Now {t is known that after intravenous injection of Evans blos
tho lymph nodes turn manifestly bluo (Le Vemx and Fomux
1047) Mrurer (1647) Tonme and MoorE (1043) Girmow and
Warenrow (1059) Lawsox ef al (1047) and Crurksmans and
Wrrrenp (1945) all assumed tho retioulocndotholial systom (RES)
to bo capablo of retaming Evans bluo eccording to ALLrx and
Onanovats (1950) and FREINKEL ef al (1063) tho dibamo smino-
acidsof tho nnoleoproteins aroallegod to bind the dyo Caumoxsmirx
and WnIrrreLp (1045) contonded that the binding by tho RES
sots in vory soon after injeotion ( cat offeot) GrroprsEw (1951)
and others have disproved this nsscrtion Moore ¢ al (1043)
experimented with radio-nctive di bromo Evans bluo in mie
24 hours after injeotion thoy found o high lovel of radioactivity
in tho liver as well as in tho intestinal mucosa and the facoes.
With tho techniques as desoribed we did flud fn doge high
oconoentrations of Evans bluo in the liver spleen kidnoys and lymph
nodes, cepoolally in tho mesontorio ones (Tablo 2) However only
traces of dyo were found to be present in tho fntestinnl mueost
Thia disoropancy with tho findings of Moorn ef al. (1843) coukd
bo oxpluned by the fact that theso authors measured radioactirity
Presumably thoy dotormined mainly degradation prodnots of
tho dyo

In sovernl dogs tho Evans blue concontration appeared to be
folrly constant in tho organs whon tho investigation was made
6-20 days after Intravenous injoction of dyo This was also the
caso when n gallblndder flstuls was mndo or when the biliary duet
was obstruoted VWhen howover this investigation took placo 3%
rospoctivoly 38 days aftor injootion (Tablo 2 dogs nr 1% and 16)
lower ooneentrations wero found in all organa.

From theso experimenta wo may conelndo that tho bond betweet
dye and albumin is sovorod aftor which the dyo is stored in the
organs, whereas tho uncolourod  slbumin sob froo continues to
tako its normal part in motabolixm In an Investigstion of 8 healthy
mon extended over o poried of 05 days, wo found that tho plama
disappearance curve of Evans blue has ccrtainly not an oxponcntis!

Ia, will
typo in decline but that in a logarithmical plot & porabol "
be mgnificantly more satisfylng than o straight line (Fig 1) Th
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from the scrum more rapidly than 117 albumin docs. Morcover ooe
oxperiments showed that when tho disappearance curves of normal sdatts
are followed over a poriod of 60-05 dag, thoy will not present an cxpaneatial
course contmry to what {s reported in tho literaturo,

When investigating theso phenomena in dogs wo found that the dye
was cxcroted in tho bilo and also to m small degres, in the intestines,
Howover the quantitien recovered from bilo and facces were too slght to
account for tho rpld disappearanco of the dye

Also wo demonstrated accumulation of tho dvo in the hver spkvn,
kidncyw, and Iymiph nodes. Wo think it very likcly that from theso depots
dyo fa restored o tho ciroulation thus proventing the serum diseppesrancs
clurve to asumo an exponential course Yo determined in thres dogs the
amount of dyo recovered In tho body 1 —19 days after intravenous njection.

From theso fludings the coneludion would scem jostified that pert of
tho dyo ie broken down in the body Aw it is shown that azo dyes have
carcinogenio and teratogenis properties and as wo demonstrated that
acoumulation of T 18 4 ocours In varioas organs, some reeerve In the T
of this dyo for diagnostic purposcs would scem to bo desirablo.
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phenylhydrazones formed are extract~d with hexane An aliquot
% coocentrated end diluted again with ethanol. The extinction
of this solution w messured at 395 nm.

Results with this method are usually 10-15 pOi. too low but
with & recent modifieation, proposed by Prres and Birrauee (1965)
& 100 pCL. recovery of standard substsnces is reported.

After the definits proof of the & — fumaturated ether pirvoture
of native plaxmalogens by RarPont and coworkers (Rarronr e ol
1957 Rarrorr and Frawm, 1857} Norton used the method of

B1qu end E: (1848) for the determingtion of viny] others
by speafic addition of Iy (reactlon I1). Thie method has the
adventage of being abaotutely spewflo for plagmal under the

ctoditions paed. It has however not much been wsed, perbapa
mdiunhurdy]ov-md&my

The methods deser{bed thas far do not dicriminate between
chollne, ethanctamine and serine plammalogens. For  anyone
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METHOD FOR THE SINMULTANEOUS DETERJMINATION\ OF

PHOSPHOLIPIDS AND THEIR PLASMALOGENS THE ROLE

OF PLASMALOGENS IN TIHE EMBR) ONIC DEVELOPMENT
OF THE BOVINE BRAIN

nY

R. E. DE ROOIJ axp @ J M HOOGHWINKEL

1 INTRODUCTION

Smco plasmalogens wero discovered in 10°4 by Feurazx and
Vorr (1024) various mothods for their dotermination have been
proposcd (FEVLGEN and GROXDERG 1939 WrrTeExBCRG ROREY
and Swexsox 10,6 NonTto¥ 1000 Dawsox 10060) Thr principhs
on which theso methods aro based are summanzed m Fig 1

In tho oldest and still widely used method of FroLaex (1830
1051) (reaction I) plasmalogens are hydrolysed with 2 N HCL
The fatty aldehyde thus formed reacts, after neutralisation with
NaOH with the fuchaine-sulphurons acid reagent of Schiff This
method Is very senmtive but it has scveral disadvantages. The
reaction botween the aldehyde and leucofuchsine has to take place
in water and is dependont on tho dispersion of the aldchyde
Further diffoulties arse with the extraction of the coloured
compound prior to the colorimetrio determination cg the
formation of troublesomo omulsions. As the reagent also mteracts
with short chain aldehydes, formed by oxydation of unnatarated
fatty acrds the values obtained by this method tend to be somowhat
too Ingh Soveral modifications (AWomeL and Wartsam 1844
Brruion ¢ al 1048 GraY and MAGFARLAXE 1059) havo been
described but none of theso scoms to bo quito satiafactory

Tho teohniquo dovised by WrTTENBERG KOREL and SWEXS0¥
usca tho samo prineiplo. Hydrolyms is achwoved with 0 1 N sulphuric
acld and followed by reaction with p nitrophenylhydrasine In
othanol at 70 for 20 min After addition of water the p-nitso-

410
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beeaks down Jocithm and sphingomyelin fractions which are fres
&mphmnbgm&&mshwmmtm.blawuyhﬂvm
rmudthphrpbahpﬁanmhkhjmdﬂedtomnng\lmt
we fn phospbolipdd research.
Hxlnlﬂssl‘}AmmEnxum-ndSmduaibednphmﬂom
d tion based on a peperch tographic scparation of the
degradath duets of phospholldd Fractlons after .
with 90 pO% scetio scid, with or without addition of HgCls They
earried out phosphorus determinations In the chromatogmphis
spote. Tostesd of measuring the aldehyds formed during scld
bydrolysts, as in the methods of Feulgen and Wittenberg ef ol.,
the amount of lysophorphalipdd prodeed by breakd of the
plaxmalogens is determived, The method which we introducs can
bo seen a4 & modfieation of the Marinetth-method. It has the
edvantags af being much simpler thanks to the use of the tricomplex
staining procedure which allows s direct determinatfon of the

1 1

7 content of & phosphalipid mixture

2 MATERIALS AND METHODS

Human blood samples from bealthy males and females were
obtainsd by venous punciure In ail cames clotting was prevented
by 2dditlon of heparin (1 mg for 25 ml bood)

Red cells wers separated by osotrifuging for 20 min b 3000

1 v/v), and chloroform. Exeh of thes solveuts
Wit uped twics in sncoession in Liberal amounts (about 50 mi esch
time for 10 ml plaama or erythrocytes). The exitects were combined
lnddrhduvmnntampantummcemdh;w The reaidus
wis disctred in a fow ml of chioroform methanod {4 1 1 i)

Presh ox beart obtained from the slaughterhouse wan cui into
p&mdtbomlm'nmpiewmhmnmdwhhms&nm!
(100 m! for 15 g of thame). The mixture was kept at room
w{awmnamtmww.
dntctddnnﬁ]&rlnd&aruﬂunmcxtrut:dvﬁhtbunm
volume of methenol-chloeafoem {1 1 vfy). Afier 20 min this
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intcrested in the distribution of plasmalogens in tho varions
phosphiolipid fractions this 18 & serious handioap Soveral authors
(GRaY and MAOFABLANE 1o. Wrneren, 1960 Tmerxefal 1960).
have detormned plasmalogon conocntrations in phospholipid
fractions after chromatographio soparation But aoccording to the
rather labilo nature of tho viny! etheric bond such procedures are
hLable to givo orroncous results (Prres and VAx GExT unpublished
results) Morcovor they requiro as a rule much matenal and ars
thus unsuitablo for routino analyais.

In 1060 Dawson dovised a mothod for tho comploto ovaluation
of tho composition of o complex phospholipid mixture Tho esmple
to Vo analysed Is first hiydrolysed with alkalr (reaction 11T} Fatty
acid residues aro split off and dinoyl phospholipids aro converted
to water soluble glyoerophosphato esters whilo plasmalogens form
Iysoplasmnlogons After soparation the enol others of the Iyse-
plasmalogens arc hydrolyaed under acld conditions and again
glycoro phosphato csters aro formed (renotion IV) Remammg
sphingomyelins and cther phospholipids ean bo hydrolysed with
conoentrated HC! Tho water soluble glyocro-phoesphato esters are
soparated with papor chromatography and detornuned by measuring
the nmount of phosphorua in ench apot In a later paper DawsoX
et al (1062) describo soveral modifications Ineluding the use of
HgCla In renction IV neocasary to split oyclio noctals eventually
formed from tho lysoplasmalogons.

Although this mothod has tho advantago of specifying the
differont forms in which plasmalogens can ocour 1t is rather
laborious and roquires a fairly large amonnt of material (16 moles)

Tho method of selootive lydrolyals has been oriticized by
Prernuszgo and Gray (1902) who found o small loss of aldehyde
during alkalino hydrolysia. The same paper deseribes tho formaton
of o oyalio product during noid hydrolysis of Iysophospholipkd
which Is much moro resistant to acid hydrolysis than the pxpccitd
Jyso product Alorcover the rato of hydrolysis of acyl groups i
not tho samo for di acyl phoaplioliplds and plaamalogens (RENRONEN
1003
D,s)vmm and Dawsox (1002) havo found that formstion of

ly
tho oyalio aootal can Lo grently reduced though not entlre
chloroacotio acd used

provented by addition of HgOl to the tri
for hydrolysis. Wo have found however that HgOls in acctic sod
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peevious day Thnhydmlywdextnothnpplkdhnlfumnydmu
utbomi@ndumm(mmnogmm:mmnudm-lbodby
Hoourwrxxrs and Vav Krzxrex (1860b) durmg 8 to 8 houra.
'Duymdrbdinnmu!ﬂ:mdmlncdln-hihmnmnlng
0003 pCt. Panceas red (Edical Suprs Ponceau 4 RS, ICI) 0. pCt.
UOAAOyh and 001 N HQ, durjng 10 to 16 h. In this beth only
amphoterio phupho!lpidammlmd.:\ﬁcrdmngbetwm Alter
p-.parth"poumadhnadwithnpm:ﬂmdmmmrymfuﬂy
rhhspnh-d‘nd.nn?.lchlpothphcﬂdlnnzﬁmledenmam
flask and the dywstaff is extracted with 3 ml 50 pCt tert. butanol
contalning 0.6 ¥ HCL After s few hours the extinction of the
sclrtion s determined st 510 nm against the solvent as & blank.
Backgronnd eolomr which is very alight, does not have to be
determined because the presence of lipid in & spot completely
provents the wesk interaction of the staining reagent with the
fbers in the paper

Urually four components are present, ru. ethanclamme eephalin,
beeithin, sphingomyelin and Iysotecithin. In the hydrolysed material
ths cephalin andjor lecithin spots are diminkhed and the
sphingomyelin and Iysoleaithin spots are increseed in comparison
with ths original smple (Fig 2) The inerease of the sphingomyelin
#pot, ia doe 10 the prosence of lysocophalm which has approximately
the same R{ valos sx sphingomyelin.

As the resction between phospholiid uranyl nitrate and Poncean
red B stoechiometrio (HoooHwIxgrL and Vax Krexrax, 1060s)
the amount of dyestuff bound ls proportional to the molar amonnt
of phosphalipid irvolved. Therefore the extinetion values meararsd
carespord with the molecular distribution of the phospholipds.

From thess extinction values the percontags compoaition befors
and after hydrolyds fe calenfated. The plasmalogen eontent fs
foond from the ddf in position between hyd dand
non-hydrolysed rmaterlal. M

3 RESULTS

Plasmalogen concentrations
e‘kumodfmmthndemuﬂodchlnarhmoﬂpdedthﬁ
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procedare was repeated and & final extraction with tho samo volume
of chloroform followed Tho combined oxtracts wero dried and the
residuc was dissolved in chloroform methanol (4 1 vfv)
Brain phospholipids were extracted by blendmg the sample wth
chloroform methanol (2 1 v/v) usng 20 ml solvent for 1 g tissne
The homogenate wns hept at room tompernture during 1 to 1} homr.
Insolublo matenal was removed by filtration the extract was dned
and the residuo dissolved in chloroform methanol (2 1 v/s).
All lipid extracts were stored at ~20 nnd remained essentislly
unchanged for soveral wecks,
Lipid phoaphorus was dotermined with tho medified method of
Zinzadso according to HooanwrkrL and Vax Nrexerk (1060}
Paper cliromatography was carried ont on silica impregnated
paper (S & § 2043b) using as solvent dl isobutylketonc-acetio
acid water (40 20 5 v/v/v) (HooauwINREL ¢! al 1050).
For impregnation tho procedure of MarvETTI and Storz (105¢)
was slightly modificd 310 g mhicn gel (Mallinckrodt Chemieal Co)
wan carcfully dissolved in 1 liter = 2 N NaOH the solution was
mndo up to 17 1 with water Stripsof 8 & 8 fllter paper (12x 4 cm)
wero impregnated for & min in this solution blotted between flter
paper ond immersed in 6 N TICl for 5 min The strips wero then
tennsferred to & scoond bath of 6 N HCl whero they remained
for 25 min The strips wero thoroughly washed with tap water
and finally rinsed with distilled water dried in the air and stored
in & desicoator

21 PrLASMALOGEN DETERMINATION

An aliquot (usnally 0 2 ml) of tho lipid samplo contalning about
2 4 molos of phoapholipid is dried in o stream of nitrogen The
residuo is dissolved in 0 1 ml 00 pCt. ncotio acid In this mediom
o spocific hydrolysis of plasmalogens to aldohydes and l‘)’:’(;
phospholipids takes placo (Grax 1058 [060) Tho aootle
polution is placed in a both of 37 and kept thero overnight-
For the chromatographio soparation two impregnated filter P‘P“';
aro used On Loth papers four spots aro applied nsing tho orfgina
extract and the acotlo acid solution in nalternation The samplo
ia usually applied 0-10 timea The number of applicationa is duﬁx
from a spot tost nccording to Hooamwingny, ef al (Lo.) mado



Tamew 1
Phorphol pid compoelion ¢f soms fiirues.
Amount of plasmalogen

phowpholipid befare a8 parcentags of
(b) and after (a) fraction indicated
hydrobysis

o L
Tisscw LL
¢ Lls ltwldu\mr doer
I
Human scytlrooytes [ b, 23.8 | 405 305 22 345 318 17 28
o 174[393 304 39
Hunen plesns b. 5.6 234 1208 L ¥
. BLT 237 128
Hamas whit matter|b. 377 34 229 traco 773 773
o 88 394 51D trece
Humao grey matter |b. 3.6 E21 143 tmes 317 373
w21 A28 203 trace
Bovie brain b. 405 401 182 L1 805 548 40 &2
w175 376 4123 27
Bovins corpem b. 384 M3 13 0o 7
sallosam o 128 14 528
Bovine heart b30 543 90 27 ST 03 490 40
rovecie o 167 277 M2 23

Abbrermtocs Ses explanetion Fig 2. The numbers toder the besding
e (mcroems) are celoulated from the fncreess of the
Tysopeoduct, thoss tnder the hesbog der (decreas) are
caloieted from the deorwass of the parent oompounds.

They compeise 2 pOt oc less of the lectthin fraction which means
Iexs than 1 pCt of the total phospholiplds. From table * it b alee
orident that a steady increaws of the sphingomyelin cocurs from

sphingomyelin jncresse during embryonio development How these
obserrations are related to the proceas of myelination will be deakt
with fn a forther study

MEMmmmeympmlm
Plamalogen content of bovine heart mumls at varions sges.
Andmvmmsdshthmmmademquuhmm

o of ealf heart and one of adult ox heart. Results of these
w50 shown tn Table 3. roalyee
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Chromatogram of phospholipids of bovino heart muscle befors and efter
hydrolysis. C I, 8 and LL denoto cthanolamine cophalin, leelthis,

yolin and lysoleolthin respoctivoly This picturo aleo gives th
di ion of tha ch graphic papor used for the separation Ia the
hydrolysod phospliolipids tho sphi yelin epot ja divided into two regioos

tho uppor ono reprosonting lpl:lngumyoll.n tho low or one roproscoting fyao-
othanolamine cephalin

Tablo & shows tho changes In plasmalogen content of bovins
brain during embryonio dovelopmont Tho nge of the embryo b
exprossed in months aftor conooption The ago was dotermined
from Fig 3 In this figuro tho cstimated ago of tho embryo B
plotted against total wet weight of brain Tho ostimation was dono
by officials of tho alaughtorhouso on goneral appearanco of the
footus. A stondy inoroaso of tho amount of othanolsmine plasmalogen
Is obsorved up to the 8th month after that porfod no ul,t;'ﬂlﬁﬂ'i-’i‘t
further inoroaso can bo demonstrated. Locithin plasmalogens ar®
found only in very small amounts Caloulation from either the
desrenso of leolthin or tho increnso of Iysolocithin results in valucs
which aro not sufficlently rolisblo to include them in the table.
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choline he
In the first place we would menthon t!
dmplh:ﬂyo{thapmoedmrh}chhdemandrltulbytheehmmlw-
graphis u[thopmdneﬁouﬁhtrpupcrﬁlhmtmy
furthctre-tmmtofthaﬂpida-ﬁcrthe-}dehyﬂugmuplmqﬂh
oﬂ'fmmtbdrphsm.}ogvm.ﬂewndlynmlddntauutbn

fm ~
Z
Tuo
0
[m 5
20 i

months
'1 4 5 0 W 1
——e-attmnated age

g 1

The curve grves the relation bepwoen the total weight of the brain eod
he aetimated age of the fotuses

Tanrx 3
Phoephol ped compesition of becins heart muscls,
| Perceritage conmpoaition of Amoant of

| phospbolrpads befors (b) Petmalogen ss
and after (a) bydrolyei peccectage of

f fraotion indicated
¢ (risfmwfec]r|

T

Erbeyn [hu:(sn 1) 2 @ 13 #
o 10|20 |sr| a3

ot M3 B 87| 19 4 W 1
n173 MO 230! 20T

O hoHo|s3] 00f 21 81 0 45

167|377 (202! to3

Abbrevistos Bes Fig 2. T deotes total
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TaBLE .
Dhaspholiped compostion of dereloping borine brawn,

Tercentage compomtion of Amount of sthanalamine
Rhospholipids bofore (b} plasmalogen as pereratage

and after (s) hydrolyss of fraction Indacated. *
Age
in months c L B LL o] T
14 $)* b 3306 587 48 290 bt 1
» 210 583 163 38
24 (10) b 330 508 48 .4 37 3
a 214 878 175 33
4 (30 b 6 634 23 18 g 12
s %01 013 158 28
8 (T4 b. M3 897 40 0 43 16
a 100 380 185 230
6§ (88) b. 364 500 I6 15 43 18
o )91 550 234 8
7 (115) b 348 53 83 16 51 n
6 177 BB "6 .8
T (13) b 317 008 57 18 B 7
n 163 588 37 *0
8 (153) L 33 581 76 traco 1.1 L]
a 164 370 %00 traco
9 (*18) b 357 519 1.3 traco .3 1t
a. 178 807 315 trmeo
3 (33 b 40. 452 MG trsco -1 k=]
(oftor birth] a. 183 453 304 trco
adult (418) b, 405 401 183 11 58 +
a 175 376 4.3 387
8co Fig *» T denotcs toial
Numboes In parentboses give total wot weight of braln used
* Tl valoes given azo tho mosn of the valucs obtained Ly wing bt
methods of calculation (sco Table 1 and tho text)
aro but soall

Although changos in phoapholipid composition
considorablo changes in the plammalogon amount — fnerease = o
thelr distnbution — detreaso of othanolamine plasmalogon ad

{ncreaso of lecithin plasmalogon — ocour during the process of ageind
4 DISCUSSION

The method presonted in this paper has some advantages 0"‘:
othor mothods in uso for tho dotermination of ethanolamine an
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cholme plaumalogens. In the first place we would mention the
gl of the procedure which b d rated by the chromato-
p-npbh‘ scperation of the products on filter paper withoat any
farther treatment of the lipids after the akishyde groups are split
off from their plasmalogens. Secondly we would draw attention

o

partvs

' roenths
2 4 08 3 0oR
——astynated 2p¢
e 2
The curve gives the reiaton botween the total weight of the brain and
the estinated agn f the ftumes.

Tawus 3
Phospholped oomperition of bowine Meert muscls,
Percentage of Amomst of

e frlsjwjo)n)s
Ealrys Baalanilns| 2 oo w 0w
a 141 |ae|any | ey
e b3 a1 | 87( 19 4 W 3
o o 173|340 | 250 | 23y
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to tho fast that using this proceduro the ethanolamine and cholms
phoapholipid distrsbution in mol pereentages and tho plamalogen
osontent of theso various phospholipids aro obtained at the same
timo As o disadvantago wo ean mention the fact that only thoso
phosphioliplds and plhospholiprd plnsmalogens which arc stalnable
on chromatograms with tho tricomplex staining proceduto are
assayed Howover as it is hnown that in most tiavues serios
phospholipids aro present in relatively low eoncentrations compared
with choline and cthanolamine phoapliolipids wo think that thw
method will bo valuablo for tho study of various biologion] problems
of lipid mctabolism

Concerning the scnsitivity of the mothod wo may sy that tho
values for the plasmalogen contont of the phespholiplda obtawed
by this method are of courno determined wlithin the limits of the
paporchromatographic quantitation method By our cxperincs
with the quantitation of phospholipids with this mothod wo could
evaluato that tho phospholipld distribution measured is accurate
to within a few por Cont. Tlus wan studied for red ocll and plams
lipids of various animal speoies (HooGWINREL et al 1000 Hooo®
wixrry end Bruyn 1060 Hooonwrovkrt, Da Rootws and Dark
MALIER, 1005)

Tho plaamalogon poreontsges of tho varlous phospholipidy
howavor arc enlenlated by subtraction of two porcentago distrd
bution values obtained nftor papor chromatogrmphio scparation.
Tho mothodologieal orror of the quantitation mothod thus oocurs
twioe in the plasmalogon valuea. Thi disadvantage is overcom?
rathor woll by using both calenlating procedures (seo Tablo ) ead
taking for the final plaamalogen percentage tho mean valuo of
both approaches Plosmalogon perocntages bolow 8 pCt ste not
to bo rogarded os vory roliablo and only givo & reasonablo
approximation

F}’n our oxamples which aro inoluded to domonatrato tho usofulness
of tho mothod wo clearly domonstrato that the method can be
o vory good ald to tho study of biologleal probloms. Wo con 5
that 1n tho embryonio dovelapment of bovine brain the almerved
inereaso of plastalogon poroontago of tho othanolamino phospbO“P{‘d
precedes tho incronso of sphingomyelin 8phingomyelin itmoll m‘:’;
or loas starts to incroase whan histologically myolin can be deteot
in the tissue
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Byltudyingvmbov{mhuﬂﬂpldumplmnfmndthnt
Lhyhmphoﬁpﬁdm'bubnmthumainbmﬂnmphsu{
aolmels of vations sges. The plasmalogen percentages of the
ethanalamips and choline phospholipids howgver undergo signifoant
changes during the process of ageing

Bathﬁkllndh&othuimpﬂrhnwufphmdogemhtha
Upﬂttmwtnmltnb:ologluldtvtbflmutofbothorzuw.Wethluk
thw i of gooers! Importance in studying the physioo-chemical
properties of beclogical membrane strotures as such and alo of
changes in these properties daring development and in pathology
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TOIE-RESPONSE EXPERIMENTS
YITH ANTICOAGULANTE ON RATB

»T

P L L TAMMEST, ¥ E. LOOSJESY) axp R. WLINENT)

IXNTRODUCTIONX

Tn the last fifteen yoars sntlooagulants have becomo the preferred
chanﬂull‘enbfmmdentmm)l’rbdruhhfldmhgohfhu
they do not introduce a repellent property in beits. They mey
and ahould be nsed far several days In suoccestlon until the animals
are killed a1 s result of fnternal bleeding The dose, though repeated,
fa kow and thu limits the hasards for men and domestis animels.
Ineidents! intales are msually without lothal effect, Aoreover from
the point of view of visnal symptoms of mtoxioation kifling rata
by anticoagulants is lees repuixtve than eg. by Seills (Loossrs,
1830},

The only drawbesk of thelr applicstion fx the loug time thet
s paen before a destrable effoct fa obtained. In general the treatment
et contioue untd] no more bait by eaten, which may take two
weeks of jon or even raore, ewpsolally when black (ship)
ety (Batha ratins L) or house mice {Alws muscxdus L) aro
concered. For testing these rodenticides 1t is necossary to apply
them doring a ceriain period, and to neorporate the time factor
in the asscswment. Mrthods of testing antiecoagulants av rodenticides
were described, e.g. by HArs and GAryes {1080), by Breriey (1058)
wxl by Loosrs {1659)

A siudy was curried out on the posibilities of arriving at an
et intarpretation of dats from experiments conoerning the
relatloeahip between timo aod effect.

USIKG TIME A% A MEASURE OF TOXICITY

BLm(lNO)mmﬁomM“nﬂmnhmmyboinvﬂndm
mlyu;tﬁmn}n;mhthtthahngthufumtn‘ghm

" thmlmwmmx“

" Flant Protestion Bacvics, Wagringw, The Ketheriands,
a
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eonecntration determines tho amount fixed within the cegamm,
but also as tho measured responso to o givon doso of poisen which
may or may nol involve a time factor in its adminlstration

Experimenta on chronie poisoning involve threo vanables the
doeo or concentration of the poison the cxposure period, and the
effeet observed (mortality) To simplify the comparison of varkons
poisons or animal specics fn this threo-dimensional relation one
may chooso a fixed lovel of ono variablo and study the relation
of the others by means of two-dimensional gruphs. We may
thus have

a  tho dosage/mortality graph based on o fixed exposure period

b the time/mortality graph based on a fixed doso (administered
either at the beginning of the experiment or in the form of
daily doscs)

¢ the time/doss graph based on a constant offect, eg & 50%
mortality

Tho considerationa bolow mainly rofer to b and o, the time factor
being the variable measured The following model might then apply
Suppose that thers s no ehmination of the poison absorbed and
that death ooours when o oertain amount has accnmulated, this
amonnt belng a random varlablo Chooming & mortality of 50%
tho lovel of effect tho expectation would be that the product ofd
(3nily doso) and ¢ {number of dsys) would bo constant Le. d¥t~c
On & linear soalo thia relation would bo representod by tho postive
branch of an orthogonal hyperbola. Taking logarithms the oqustion
is log d+log ¢ = log c, so that on a logarithmio scale tho graph
bo a straight line mesting the ccordinato axcs at en angle of 487
This oan bo expluned as follows. In Fig 1 assuming angles of
45 p+q will always oqual 4B or AC On two-sided log paper
log p-+ log ¢ will equel log A B ar log AC Howover aslog p+loge=
~logpxg the valuo of pxg will be constant for tho line B0
If p is tho concentration in tho food or tho daily dose and !:
the response timo and if there iy a constant value of tho produe
pxq then tho lino will approach both axes at angles of 457 -
Doviation of the 45° lino to & hyporbole with ono or both axis
indicate an elimination of the polson o of the offoot 8¢ lo¥e
do@oeeurmlupprmmhtonhmloot'r:nj.uiv:mlmrecrpmwﬂf-flil“"'J

higher doses.
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LN €

Fig 1 Espbanation i text.

Tn phumacology the method of plotting dossge-timo responses
on two-aided logarithmio paper is sed when dealing with varioms
dostge levels. Thia fa probably done beowuso J# was found that
in many csses straight lmes were obiained. Two exsmples may
b taken {rom

In toxlcity experiments with liver flukes Vix NoospwDk e ol
(1943} obtained a straight line In a concentration time graph plotted
on two-uded log paper the time being probably too short for &

ble elimnation. In expesh with & r
substanes fed to rats during their entire 1e Dxvoxzry snd co-
workers (1062) aleo cbtained a straight line of 46° In & log tume-og
dosage graph indscating thal there s & summation of effeet withont
apparent elimination, a summation of hitx” ar & situstion of
frrevernble dumsge. The same method Is used for the measarement
of toxicity far fuhes in polluted water and examples were deseribod
by Joxs (1964}

For ecaleahation and plotting graphs it is more convenlent to
use median vaives rather than mean veluen A modian value ean
bo estimated when for instance 50%, of the papulation ts stil altvs
mdthhuﬂeulhonttrmhndngdnarperhncnhbﬂ;bdmcﬂ
mlm:ho{;buc.hunkﬂlcd.Am:dhnvllmunlhodmﬁy
e umd for log or nou-log plotting In eass of & mexn value Ht

il rake & difference whether it is
of o e log or & nonlog sverngs
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Another mothod of plotting was used by Powers (1817)
experiments with soveral toxio substances on the goldfish. He
plotted the reciprocal values of tho lethal time, 100/(lethal time
m days) which ho ealled veloeity of fatality

For caloulation this mothod is very conventent becauss very
Jong survival times are reduced to near zero and thus ensbles
tho caloulation of & mean with reciprocals of infinite values. There
is howover no reason to oxcludo tho higher valucs and the method,
though first used was later abandoned by tho authors

MATERIAL AND METHODS

Experiments wero carried out with brown rats (Rattus sorvepens
Berkenh ) ond tho whito laboratory variety and with black ship
rats (Ratius rattus L) Each batch conmsted of 5 animals, which
were givon a fixed concentration of the anticoagulant in the
laboratory food Tho lethal exposuro time for cach ammal was
recorded ond tho median lethal timo of cach batch asscsed.
Experimenta woro terminated after 40 days, natural mortality being
negligiblo during this peried Ono experiment was carried out with
10 animals por batch and continued until the lnst anmal died
after 210 days.

RESULTS

Tho tablo bolow represents tho results of tho experiment with
10 animals por batoh continued until the last animal died.

TapLy 1
medisn
ppm in food survival timo in days per animal survival time
Az 7 7 B 8 8 011 11 13 M 8
h 3 5§ 9 13 14 15 19 *1 8. 31 4l 15
18 13013 13 L, .3 36 45 147 08 310 EA)

Attontion should bo drawn to tho lorger variation at lower
doeages and tho long survival times for the last threo animals.
Natural mortality can bo ignorod na it starts after this pariod.
Tho thirco animals mentioned also dicd of internal bleeding Rosults
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dosage-time grapb. A tabulation of recalts
;‘Whm@muumh“"“ 2 which alxo
mmwwmmmmd“hmmmm
than others.

Medlan  thal time
n cayt tog scals

oo

B

[T

FENE

ROy

L]

» i

“ 1

» i

0

5

u mmauend

Srewn Aty
1D nats per pawh

n fa0d
My
P ]2

1. W 12

Fig. 1 Dossgetimm graph { X = rosdien Ietbel tims, and the dotted lines
the in lethal timee)

STATISTICAL SIGNIFICANCE QF REAULTS

From Table 2 it fs dear that at high concentrations of patson
and short survival times the differences betwoen betches are small,
Probably dus to » minkmum lethal time which i needsd for these
Poiwons. At very low eoncemitatlons thers are clesar differences
between poiaons, a4 W comparing the 3.1 ppm level of Endrodid
with the ather compounds. In thost oases in which the murvival
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TanrLn 2
Explanatien in toxt
Lethal time 1n days after regular feeding with anticoogulants

Warfarin C 1lC [ |
Compound ‘ (standard) Endrocid b | IE. i] ’End.roui
3 -
8 - 2 Ot o+ | Brown rat | Brown rat |Brown Rat (Brown Rat White mt
rekea | g | Eo | o 99 28 | 9% | oo
/A [
ppm In food
} [ 4 4 4 7 10 s
8 5 [ I3 8 10 ¢
400 0 [ 4 8 ] n 4
10 [} 7 8 0 13 7
1 10 8 8 n 19 s
5 7 4 5 5 [} 4
00 5 7 5 [ 8 0 4
8 8 5 7 [ 10 1
3 10 [ 7 ] 1 '
13 1 7 7 13 11 s
7 [\ [ [ 18 7 ¢
[ 8 [ 7 18 10 ¢
100 10 0 7 8 36 12 M
14 ) 0 0 3 16 N
14 [ 10 12 30 18 8
0 [ H [ [ 1 s
1 1 o 8 a s 7
50 12 7 [ 9 38 9 1
14 ] [ 13 >d40 >40 s
16 10 8 n >40 ~40 ¢
10 s 4 o 9 ’
1 9 5 10 all 1 ¢
5 3 [ 5 13 >40 8 !
4 8 6 13 >40 :
>40 10 8 10 >40
18 7 5 8 10 :
>40 ® [ 12 >40 p
135 >40 10 7 19 >40 7
>40 10 1 >40 >40 .
>40 11 [ >40 >40



poan food

¥ n 7 3 o :
>40 » 5 st >0 s
w | >0 it s >4 >4 °

Se | m s >0
>40 | >0 * >4 ®
1 7 - :

al u s

| >4 | >0 s >4 1o
40 10 1
>40 1t I
1 n
all 18 3
14 >40 P >40
>40 >4
>40 >40
«a it
“ >40 40

times ahow an overlap the significanoe of the resuits should be
Asemed statistioally The test chosen is Wilooxon s two-sample teet.
InTable 3 rankings of survival times are given for samie aompacisans.
Thers f some evidence that sxpertments with 5 anfmals are
fneuficlently indieative and that it wonld probably be better to
foarease the number of animals from 5 to 8.
lnudnloﬂlm:wmuh-tm-mmpnbonhglmbﬂm
Endroeid (e) and Warfartn (w) for & lovels of toxieant in the food,
ﬂmtbc&muuhnfmmT(thWkthaMdlﬁﬁh(mk
vum). Biatietieal evidence I sseepted from P<0 05
Itfdmmzhmdﬂﬁm(m)hmthndambcnkded
for the levels of 25 125and 3 1 ppm but not for the 6.3 ppm level.
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A largor number of animals might roveal whother at this latter
coneentration tho differonce s also signifieant.

Tho results of tho experimenta tabulated in Table * are
roprescnted as graphs in Figs 3 4 and 6

Tanrae 3
rpm Two-samplo tent of Wilcoxon for survival times of Endrocid {e)
in & Warfarin (w)
foo on brown rats
ranking from long to shott
lothal timo P (rank sum) D valoe
-5 w W w W o o O 185 <0.02 slgn.
w
125 w wwwo o 178 <000 sign.
w o o
°
03 w wwe o ww -1 >0.2 nof sign.
o °
o
21 w W W WwWo o ° 15 <001 sign.
Medlan tethat time
in days. Log scale
0
40
30
20
10,
;t "
s S~ « * Maz Mo v
5
4
3 Endrocid
Brown rat  ——
? White rat  »=
in (red
”Tag u’:lc
! X n a3 123 50 10 200 X

Fig 3 Tho plottod lincs show that for End

rocid thero is only & small

if any difforenoo botwoon the brown rat ond its whito laboratery varicty
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INTERPRETATION OF RESULTS

Using time aa a critorion it was possiblo to obtain information
on varieus probloms regarding the ovaluation of various anti
coagulnnts on two spocica of rats The differences aro not due to
the amount of the aotive ol 1 in the pound as there b
only limited vamation in this respeot

In tho graphs tho horizontal lines indioato that at higher levels
of poisoning a lmit tho minimum lethal timo is approached This
Limit appears to vary botween compounds.

Tho region where differences can bo dotected moat cleardy B
tho upward slopo at the lower levels of poisoning Statistical
treatment is possible 0g at tho samo Ievol of poisoning in vsing
tho distribution free two-samplo test of Vileoxon For small
differences tho sizo of tho hatohes must be increased for obtainmg
a significant difference
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SUMMARY

Varfons dosago levels of ent lants woro ly fod to whits
laboratory Leown and black (ship)rats, Using timo as a critorion, dlfferences
wuro found and could be tested statistically by a distribution freo mothod.
Rowults woro plotted on n log time-log concontration greph, vaing media
Jothal tlmouncdtmslg\lﬂeamdimrummomodbdmm
of tho compounds when teatod on the leuwn rat. A significant difforenco
in senaltivity botwoon tho brown rat and the black rat was demonstrated.
Tho method scems also sultabile to dotoot roststant strains in rat populstions:
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THE INTERACTION OF SOME METAL IONS WITH THE
UTERUS OF THE GUINEA PIG

nYy

D BPRUIT uxp J P KUIPER

1 INTRODUCTION

Tho contraction of the guines pig utcrus is gencrally used fn
tho techniquo of SoHULTZ and DALE (sco o g Jaxnz, 1960} in order
to Investigato propertics of matorials which causo allergio reactions.
This method conld not bo used in tho investigation of niekel jont,
as non-scnsitized uter! contracted in their prosence The nickel
conoentration was about 01 to 1 mmol Ni++/l An oven more
poculiar featuro was that tho reactivity of the normal uterus to
ropeated dosea of tho Ni++ deorcased ovon aftar rinsing with the
comploning agent EDTA & decronsing reactlvity would only be
oxpested in the caso of o hypersensitive uterus. In addition provions
oxposuro to Ni++ docs not influcnco tho response of tho uterus
to other agonists, o.¢g histamine Co*+ in contrast docs not causo
contraction of the utorus

Theso obacrvations aro interesting oa it 18 alrendy known that
tho nodal action potentisl is vory much prolonged by the same
Ni++-conoentrations and it has been coneludod that this effect B
duo to dolayoed and reduced inactivation of sodium permeabllity
and delayed inoreaso of potassium permeability (Mzves 1003)-
Bimilar offccts were obsorved by Hasmnmra and Osa (1983)
uslng Co*+-solutions at concontrations ton times higher than the
nickel concentrations Thereforo Ni*+ and Co++ wero both
investigatod

2. METHODS

The utert wero cut out of the es g suspended In tho
ou guinca pig o

opparatus according to Somurrz and Darre (Fig 1)
ren



£UN CITERLCTION OF SOME WFTAL. TOXE @

T
Schultz-Dale-apparatus ————""

with Tyroda sointion. The length of the uterl was abost 2§ em
the dlameter varied from 3 to 4 mm. 20 ml Tyrods solution
sarrounded the aterws at o temperaturs of 37 *C. The contraction
of the utercs was regivtered. The Tyrode solution was stirred by
babbling air through it As soon a¢ the uterns relaxsd the metal
for was edded to the solution by plpetting & concentrated solution
of the ehloride.

At any desired moment o.¢. 5 min laser some liquid way sampled
in oeder to determins the smount of metal bn present, The amount
of nickel wia determined by measwing the intenslty of the colour
doveloped by a dimethylgiyexim reagent st 445 ma ecbalt was
dﬂmhedbyﬁ:-mmuddWmmdBum(lm)mdmnﬁ
according to Fravgom (1858),
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1 INTRODUCTION

Tho contraction of tho guinea pig utorus is generally wed in
the techniquo of SoruLTz nnd DALE (8o 0 g Jaxag, 1960) in order
to investigato propertios of materials which causo allergio reactions.
This mothod could not bo used in the investigation of niekel kont,
as non-sensitreed uteri contracted in thelr presence Tho nickel
concentration was about 01 to ! mmol Ni*+/1 An oven more
poculinr featuro was that tho reactivity of tho normal uterms to
ropested doses of tho Nit+ decreased oven aftor rinsing with the
complexing agent EDTA o deorcasing reactivity would only be
oxpected in tho case of a hyporsensitive uterns. In addition provions
exposuro to Nit+ does not influenco tho response of the nterus
to other agoniats, 0 g hmtamino Co++ in contrast, docs not causo
contraotion of the uterus

Theso observations are intercsting us it s already known that
tho nodal action potential is very much prolonged by tho same
Ni++-conoentrations and it has beon conoluded that this effect B
duo to delayed and reduced inactivation of sodium permesbility
and delayed inoreaso of potassum permeability (MEvEs, 1883
Similar offeots wero observed by Hasrmoma and Oss (1983
nmng Co*+solutions at concontrations ton times higher than the
nickel concentrations Theroforo Ni*+ and Cot+ were both

nvestigatod
2, METHODS
The uteri were out out of tho guinesn pig suspended in the

apparatus sccording to Scxurrs and Darm (Fig 1) and
434
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g 1

Behuitzs-Dale apparston.

with Tyrods sofntion. Tho length of the uteri was sbout 2}
the dimeter varied from 3 to ¢ mm. 20 ml Tyrode solution
rurrounded the uterus st o teroperatnre of 37 “C. The contractien
aof the wterus wax registered. The Tyrode solation was stirred by
bubbling air through it. As soon as the uterns relaxed, the metal
fon was sdded to the solution by pipetting e conontrated solntion
of the chlaride.

At any dewred moment, o.g. 5 min later sams liquid was mmpled
o order to determine the amount of metal ion present. The anoant
of niekel was determined by messuring the itensity of the calour
developed by » dimethylgiyoxim reageot at 445 mp cobalt wes
d:tu-mhadhyﬂ:omﬁbodufmudﬁum(lm);ndmﬂ
sceording to Fxaxgom (1038)




430 D STAULY AND 7 T XUDRR

The Tyrodo solution waa renewed by dealning it into a container
and pouring now Tyrode aolution into tho apparntus, repeating
these manipulations threo times This flushing process took aboat
ton soo

At the end of each oxperiment tho uterus was weighed. The
weight of the uterino tubes filled with liquid, varied from 60 fo
250 mg tho air-dry material of tho lightest ones being aboat 10 mg
In order to determine tho nickel content of tho uterm after the
oxporiment was finished (ns & control) 1t wos placed in 4 ml of
o muxture of concentrated HCl and HNO; (1 1) carbonized
dissolved in 4 ml HCl+HNO; and tho nitrio acid removed by
evaporating with HCl Tho residue was dissolved in  Lttle HCl
and tho nickel determuined colorimetrically usng dimethylglyoxm.
Tho nickel content of the uter always correlated with tho ealealated
contont (Figs. 4 6 and 8)

3 RESULTS
31 TnE verake or Nr+ (UOp)+ axp Co++ pY THE UTEEDS

The rato of nickel uptake by tho uterns from the surromnding

conc {mmol/1)
100 binding of Ni**
to the uterus

095

Q90

0,85
-
Q30
Q25
1 2 3
time (min}

Fig 3 The uptako of NI by tho uters.
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Tyrode solution was measured by sampling some liquid every 30 seo
after the nlckel had been added to the salutlon. Fig 2 represents
the decreadng Ni-cocoentration of the surcounding Hquid. After
sboot 3 min the NWi-concentraton of the solution had become
nenly eonstant no more nickel was sbeorbed by the uterus. As
this peciod of about 3 min s very ahoet it may be conaluded that
the metal fon had probably been abaorbed ou the oatads of the
uterus and had not yet penetrated futo the cells (see Vam
Sreveamrex, 1982)
Cobal and uranyl behave similarly (Fig 3)

conc (mmel/1)

Lo of Ni

bindhing
(U0 *and Co
to the uterus

9s

Q30

ity

Q75

aro d

013 oot

1 2 3

tm [mi

P 1. The mptak of Ni++ (UOW** sod Cot* by the utecm,

dA&ﬂnmdloe:mhmthunmgummmdon
wmhtb(wnt)mmuknhtod,md
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comparod with the metal 1on conocentration of the surrounding
solution The motal jon was shown to have been concentrated
about 30 times

Tho Ni-concontrations shown in Fig 2 produco o contraction
of the uterus as do the uranyl concentrations shown In Fig 2
The cobalt however docs not causo a contraction of the aterux.
The contraction of the uterus by nickel was at its maximum when
tho amount of nickel added inercased tho concentration of NI in
the surrounding liquid to about 1 mmol/l Yet the uterms was
still ablo to contract as it could bo stimulated by histamue. A
small contraation of tho uterus was produoed when the conoentration
of niokel n the surrounding Lquid was about 03 mmel NifL A
second weak contraction could somotimes bo observed with this
Tow concentratfon whon the experiment was reposted after
changing the Tyrodo solution but this ovourred only shortly after
the first contraotion

At the oritieal concontration producng maximum contraston
{1 mmol Nifl) nnd at tho higher concentration of 10 mmel Ni
the uptake of nickel by tho uterus was about the samo The uterm
was left in the solution for exnotly 3 min The Tyrode solution was
then changed three times and tho uterus loft in this solation for
ton min Aftor this time 0 07 mmol Ni/l was found in the sohtion
whother the original contraction had been caused by a concentration
of 1 mmol Nifl or by 10 mmol Nijl. When tho initial conocntration
was 03 nunol NIl howover only 002 mmol Ni/l was found in
the elution liquid. The maximum contraction of the utcras by N
eecms to bo oorrelatod with this maxymum adsorption.

32 Tqan RELDASE OF MCTAL IDN FROM THB UTERUS

Tho olution of nickel from tho uterus was studiod ot PH 7.5
and pH & Tho utorus was suspended in the Tyrode solution for
oxnctly & min aftor tho nickel fon had beon ndded. Durng thi
period a stoady state was establishod as wos shown bofore. Tho
surrounding solution waa then quickly replaced by fresh Tyrodo
aalution (without Ni) Ton minutes later o steady stato was aain
obtsined and the solution waa replacod onco moro by a freah one.
Theeo rnsmgs woro ropeated sovernl times. Moanwhilo s fow il
of solution were romoved in order to determine the

conoentrations (soo Fig 4)
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o0, (mmelfl)———— ——————— —T——— "

10°  ghutton of NI™ }dnﬁundm” tution of NI

12348 12345 12348

Fig. 4 The elntjon of Ki++ from the niems

At the lower pH less nickel was adsarbed by the uterms, sa i
evident fram the nickel concentrations of the fimt washing. At
PH LS it was abowrt 0 07 mmol st pH & only 0 01 mmol Xifl (Fig 4}
Yet o8 pH 5 the elution of nikel from the uterus by succemive
Tinamge was not proveeding s enadly as at pH 75 The anbsequent
Tyrode wolutions eomtain quite appeemablo amounts of nickel,
showing that 1t was being released quits slowly The effect i
demonstrated clearly in the third graph of Fig 4.

The wmount of nickel absorbed may be ineresaod when the
Incubation time of the 1 mmol NI/l at the begiming & extended
from & to 10 min (Fig 5) The lsst traces of nickel ere removed
from the oterus only with difficolty Copsequently munch mare
nickel penetrates into the organ when the imsubation tme s

dnmblbytboum’ﬂomb‘hhcmmmdbylhm
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compared with tho motal lon conoontration of tho surroundmg
solution The metal 10n was shown to havo been conoentrated
about 30 times.

Tho Ni-concontrations shown in Fig 2 produco s contraction
of the uterus o8 do tho uranyl concentrations shown in Fig 3
Tho cobalt howover docs not causo o oontraction of the uterss.
Theo contraction of tho uterus by nickel was at its maximum, when
tho amount of nickel added Incrcased the conocentration of Ni in
the surrounding liquid to about 1 mmolfl. Yet tho uterus was
still able to oontract as it could bo stimulated by histamine. A
small contraction of tho uterus was produced whon the concentration
of mickel in tho surrounding liquid was about 0.3 mmol Nifl A
second weak oontraction could somotimes bo observed with this
low conoontration when the oxperimont was ropoatod sfter
changing the Tyrodo eolution but this oocurrod only shortly sftec
the first contrastion

At tho eritical concentration producing meximum contraction
(1 mmol Nifl) and ot tho higher concontration of 10 mmol puls
tho uptake of nickel by tho uterus was about the same Tho uterns
was loft in tho solution for exnctly 3 min The Tyrodo solution a8
thon changed threo times and tho uterus Joft in this solution for
ton min Aftor this timo 0 07 mmol Ni/l wss found in tho solutioa
whother the eriginal contraction had been caused by a ooncentration
of 1 mmol i/l or by 10 mmol Ni/t When tho initial conoen
was 03 mmol Nifl howevor only 002 mmol Nijl was f°"'"df:
the clutfon liquid The maximum contraction of tho uterus by NI
soamns to bo corrclatod with this maximum adsorption.

32 THE RELMASE OF MDTAL ION FROM THN UTERUS

Tho olution of nickel from the utorus wos studied at pH ;’5
and pH 5 Tho utorus was susponded In the Tyrodo wluﬁonﬂ]ﬂ;
oxactly 6 min aftor the nickel ion had boon added. During The
period & steady state was cetablishod as wos shown bofore
surrounding solution was then quickly roplaced by froeh Tyrodo
solution (without Ni} Ton minutes later & stoady stato ol again
obtalnod and tho rolution wos roplaced onco moro by & fresb """l:l
Thoso rinsings wore repoated sovorsl timea, Moanwhilo o fov |
of solutlon wero removed in order to dotermino the nfcke

oconcentrations (soo Fig 4)
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N
elution of NI applied 3mmol Co
it § mmat N for 3 min tak
- caviz A cavia B
cone {mmolfl}

10° ot wa hed T3 woshed awr

away
1
10 om0
Q026
0?2

103

—rrr
1 2 3 4 1.2 3 4
washing

Fig & The infinence of Co++ on the sdsorption of Ki++

proceeded with the same speed whether cobalt was present or not,

s 1s obvious from the equal slopes of both graphs (broken linet)
of Fig 6

SUMMARY

1 Tho sdditson of Ni++ or (UOx}** up t0 & conowntoatin of 0.1 mmol
to ) nmol/l caimes & comiraction of the twterws Co*+ does not ecuirset
1be uteroe, even x3 higher concentrstione. The coutrwetion produced by
X1 earmot be repested, unies yery Jow conosntrations are repestad
withey  short thme

Y s
1 munol K =

3. The prosence of Co** in the utorns decreases the contraction produced
by meked 1o home exhent and ) the mane time buw miokel de adeocbed.
Previoos contact of the uterss with cobalt dows mot prevect sontraction
by nickel, after the cobalt hes been rinacd from the terve.

and mexkmm

both occur a4 sboat
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conc. {rmmolf]
10° elution of Ni**
after different
incubatien times

10!

102

103

1 2 3 4 3 6 washing

Fig 6. Tho olutfen of Ni + from tho uteru, as infuenced by vanom
inoubation timea with NI

a8 was montioned Loforo nlthough 1t is not able to caouss &
contrnction It can bo expected that cobalt and nickel jons may be
exchangeablo (VAN Srevesmecx 1962) When o conoontration of
3 mmol Cofl was rinsed from tho uterus before 1 ramol Nifl was
applied tho uterus behaved quito normally tho ability of the
nickol fons to cause a contraction was not diminished and niokel
rencted in tho same way as wo dosoribed boforo (Fig 6 sccond
graph) Yet less niokol waa adsorbod when tho nickel was added
to the solution after tho cobalt has boon presont for 5 min and
wos not cluted, A weak contraction of the uterus ocourred in these
circumstances. The cobalt concentration hiad not completely blocked
tho adsorption of nickel but had lessened it to about ono third
o5 might bo expeoted when tho two jons compoted with cach other
sbout equally (Fig 6 first graph) Apparontly tho adsorbed
concentration of nickol lons oaused tho contraction of tho uterus
The elution of the niokel ion from tho organ into tho solution
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SIDIVLATION OF ENZYME ACTIVITY IN THE UTERUS
QF THE GUINEA PIG BY NICKEL IONS

»Y

R. L CORMANE!), D 8PRUIT ax» J F KUIPER

1 INTRODPUCTION

The obscrvation thst nickel looe cause & contrastion of the
merus of guines plgs {Srevrr and Kurers, 1867) led to an
ivestigntion into the influence of thess ions on histochemeally
demonxtrable entymes in that organ.

Niakel woally inhibits the sctivity of enxymes, if any effect
can be oberved {Varrer, 1901). We found, howevrer o
viimmlation of the setivity of alkaline phosphatsse in some
tiroumstances. In the human uterus this enryme has been observed
to oecur with varmble activity and to be espechally localired in
e muscls fibres (Opzx, 1050). Tt hes bren suggested, that the
emyme Plave & role in glycogenesis and in the traneport of organio

serosy eell y; {Horaex vix Parrsparcer
1963 Hemro ef of  1038).

1. EXPERIMENTAL

Thagm-pigumﬁmnmpendedfntbaq:p&nhnnmdmg
msmvmumbsu.,un&am’bcdbehvmnmmdlim
1987} fome contractions were produeed by the addition of histamine
to the mrrounding Tyrode solution. The bistamine was rinsed
from tho uterns with Tyrode solation 4 calenlated amount of
nlcb\otm\n\tth\cridamthmlddedtothaTﬂDdolduﬂon
to obtan the final concentrations shown in Tabis 1. Yhen the
ntﬁmhdccmhc!ed.hnsllbndmmhxbufmﬂ.m
} Trteerd sddrmm Dermoatok
Yruw, Armterdaint, Toland. T

4“3

Darerdt

Bleym Gaat
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4  Tho metal jon js adsorbed by tho uters within 3 min, but it penctrates
much more slowly into tho intorlor

8, Only minor amounta of niokel aro ndsorbed at pll 5, compared with
pH 7.5

6 A utorus which has boon stimulated by nickel, can not be regonerated,
oven by tho eddition of the comploxing agent FDTA.

REFERENCES

Fraxgoms, C. A., Anal, Chom. 30 50 (1068)
Hammora, B and T Osa Jap J Thystol 13 219 (1803)
Jaxs, A Thosis (Grontngon 1060)

Moves, H. Pilugors Arch gos. Physiol. 278 £73 (1863)
Strzveraxex, J van Thosls (Leidon 1902)

Wisr Tv 3 and W W Draxpr Anal Chom. 26 693 (165)



STINULATION OF XNSYND AGIIVIEY 4“5

Rt iz the actrvity of the alkaline phosphatas of the
-ym:i?mu{utu{bmd/diﬁ‘u!mﬁ'omnmmlbutthewﬂﬁty
and Jocalization tn the endomstrium hed alwo changed. In pormal
ucﬁm::m]hephmphuuuﬂvﬂymohﬁndhihoinm
stittam of the ater] only apd £o astivity was obwerved lnalde cells
of the endametrivm or &b ¢ell membranes (Fig 1 &) Even the
uterd, trestsd with 3 mmol Cofl, ahowed no sppreciahle alkaline
Mhlmwﬂtymthemyumhmmdthcmdmﬁumw
was any sctivity of the ensymo observed at oell membranes. At
the cell membrapes of the glxndular epithelium of ater b and f
however intense aetivity of alkaline phosphatase wasseen (Fig 1 f)
The interiar of the eells again showed no activity

3 DISCUSSION

Becanso the activity of afkaline phoaphatase was determined
by the mathod of Goxon: {1951) and since during this treatment
cobalt wniphide fa being precipitated, the p of nltkel or
tobalt origmating from the experiments might possibly give rse
to bizckening not origineting from alkaline phosphatase activity
However the concentratlons of nickel and cobalt used In thess
experiments were low Thas, & econoentration of 0 3 mmol Nift did
not blacken the sections. A concentration of 3 mmol Cofl may
bave blackened the sectiont to such an extent that the sctivity
cbserved was somewhat Incressed” (Tabls 1) Therefore the
nkkel origmating from the 3 mmol Nifl solation cenpot bave
bixckened the sections appreciably Boaldes, the rinsed uterd f wers
blackened a8 moch as uterd b Comsequently the really “much
inﬂ'nnd“wﬁvﬂyofthodhlhnpbﬁlphmoheﬂtdmbmd{
st have originated from the enxymo Heelf.

thzeoncmm!ionofujd:elhmmlnnm-aﬂhumqtﬂmd
fwmximumuwtndbnmdmutmumldnrmtheuﬁﬂty
of the alkeline phosph in the interstitium of myo- and
mdamm-hmmru-ymu:hlmrmnilthﬁdhn;,mmmw
that & very strong ensyme activiy was foand at the cell membrant

the alkalme tase
htm}y-’heahmmefﬁwum- sctivity very moch,

Xm:ubmmwﬂhiruh'l‘ymdawlntbuforhlﬂuhmr



444 B. Il CORMANE, D BFRUIT AND J P KUIFZR

transforred to a tubo and immersed in hiquid nitrogen for quick
freczing Bocause tho lowest nicke! concentrations and all eobalt
concentrations did not produco o contractfon of tho uterm
(Tablo 1 d and e) & period of 5 min was allowod to pass before
theso uter: were taken from tho Tyrodo solution to bo frozen
Durlng thia 6 minute period the metal jon will havo been adsorbed
to tho uterus,

In Table 1 uteri f were not treated in tho samo way as uteri b

TabLno 1
Co and allnlins phosph aclivity of the uterna of the quinea py

with some metal ton comcentrations.

uterus stimulated by alkaline phosphataso
contraction 4 ivity of tho myomettun

Ni + Cot+
a - — - porroal
& 3 mmoll - + much Incroased
o 03 mmol/l — + normal
4 001 mmol/l - - noeroal
[ - 3 mmol/l - somowhat incroasod
/3 mmoift - + much incroased
and rinsed
by Tyrode
solution

and the other uter] as they wero very well rinsed with Tyrode
solution to romovo all nickel from tho uterl. In viow of tho results
of provious experimonts (Srrurr and Kurees, 1067) this was
achioved by washing throo times immedintely after the contraction
with an interval of 2 min botwoon wnshes this prooedure ¥ss
ropeated for helf an hour

Tho uteri wore investigated histochemionlly for somo hydrolyxing
enaymes, alkalino and aoid phosphatasce AMP-aso ADP-aso,
ATP aso ond polyphosphatnso as in carlier investigations of human
skin by Coraaxx and Karspeex (1863) Only the alkalino
phosphatase activity of somo uteri appeared to bo different from
the aotivity of tho normal histamine-stimulnted uteri. In this study
tho mothod of Gosonr (1062) was applicd Tho roslis of tho
ostimations are recorded in Tablo 1
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(expa'hnmh/)dldnotmdcrotholawlntemhyufﬂmnlhﬂm
phosphatese activity mor remove it from the cell membranes. As
s consequence the change in alkaline phosphatase activity by the
tranalent prescnes of nickel W Dot & temporary one This lasting
enzyme activity correlates with the non-restarable contratliity
of the nterus after treatment with such nuckel concentrations and
might perhaps bo correlated with variations n membrane
permeabllity (see AlEves, 1863 Hrerg o ol 1058)

SUMMARY

The allubos phospbetsss activity of the interstithm of myor mad
endametrrum i moeh faareassd when the aternsy of the guinea pig hat been
exposed for & few minstes to a nickel concentmtlon exoreding the

required for and roaxi sdeorption
(> 1 nurmol Ki++1). In addition erxyme sstivity is found at the eell membrans
of the glandilar epltheliom in the emdometrinm whers it was pot found

‘The elkafine phosphatase activity of uteri, expossd to Co*+ doee not
daviate from normal.
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CMAYOX [N TER PATTY ACID PATITINN OF TNR LIVER Hy

EXPERIMENTAL DESIGN
Thres sows of the breed Duteh Land pig, wero used for the
expaimeut']]wym3w4ynno{mmdﬁmedlttbo
wme time. The estimated weights varied from 200-250 kg The
data on the sows apd piglets are summarised In Tabla 1.

Tarrm |

abenlated astoal
date of dato of dat of mumber of pights

¥ | Nrtheow  bithof hirth of
gkt s i | dead | total
1 1511 1083 741088 1l41862 ki - 1
o 17-4-1043 841968 134 1960 18 2 18
m 10-13-1502 341088 541908 i3 4 1

On l4th March 1968 the sgwa were put together in o sty und
washed with Boabexan. Sows I and IT were chosen as experimental
animals, sow III was tho eontrol animal A relstively pure
eparation of afistoxin-B, with s concentration of 10 xg By per g
was mapplied by the RLY In practice, the amount of aflatoxin-B;
foand in plg rations was never mare than 200 g per ky and
therefors this comcentration was chosen for the rations of the
erperiments] animals, It had been dstermined beforthand that
the pig food concentrste to be used in the experiment was fres
from aflasoxin. The composition of the rations in percentages was
25 maire 10 barley 5 milo 7,5 osts, 10 pess, 5 linseed meal,
b soybean-oft meal salvimt, 5 eornginten feed, 10 wheat middlings,
10 alfalfa, 5 fishmeal (67%, erude protein), 0,25 dicalclumphosphate,
073 vitamin B preparation, 0 13 vitamin AD;, 1 5 mineral mixture.
The aows were fed at 8.30 a.m. and at 5.00 pn. 2 kg food was
gimntnchfeed,mnmoun-zrhichthaymnmmdulﬂym
sfatoxin-B; concentrate was pre-mixed with a xmsll part of the
weighed meul in the trough. Ouly after the sown had oonsumed
this quanticy completely wax the remainder of the meal given,
moeed up with the necomsary water This emured that the
experimental sows consumed 200 aflatoxin
Dﬂnkingwuermgivrundlmltnf By e b food.

The experimental period started on March Léth a4 the afternson
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Stickting Institnut voor Moderne Veevoeding ,, Do Schothorst  Hoogland {v)
The Netherlands

CHANGES IN THE FATTY ACID PATTERN OF THE LIVER
OF YOUNG PIGLETS UNDER THE INFLUENCE OF
AFLATOXIN B,

Y

DR8 W A QG VEEN

wn co-operation with the Rukmnahtunt voor de 1 olkagezondherd
(RAIV } at Bilthoren and the Sthichiing voor Onderzoek van Plnmere
en Varkens (Plura) at Amerafoort The Metherlands

In tho past ycars much litoraturo has appoarod on the toxfe
influenoco of the mycotoxins (aflatoxin) produced by Aspergillos
flavus  The presenco of aflatoxin can often Lo demonstrated i
groundnuts Vax KorrsvnLnt) (personal commurucation) has shown
its ooourrenioo in fomo cares in plg concentrates in tho Netherlands,
but nover at & conentration greater than about 200 g aflatoxin By
per kg food Ono of tho many symptoms resulting from feeding
with aflatoxin iv fatty degencration of the liver as has been shown
by msny investigators moro recently by Buruxr ond WioaLes
worTt (1000) in rats FRmpamax (1984) roviowed tho lieratare
on aflatoxin intoxioationa. Amongst tho most ecnsitive animals
aro turhays, ducks pigs ealves nnd rate in which among others
damnge of liver parenchymal cells, proliferation of bile-ducts snd
hepatoma ean ocour Loomiore and Haromxo (1061) deseribed
liver damago in pigs after feeding Brazilian groundnuts,

This report deals wath the influenco of a daily intake of 800 #8
aflatoxin By by pregnant and lnotating sows on the health of the
plglots The influcnae of an cxtra supply of 100 ug aflatoxin B
to suaking piglota wna also studied

1) Proscat addrows: Btichting Pluva, Amersfoort.
448
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wd DTez (1859). For the preparstion of the methyl esters of
fatty acids aboat 150 mg fat was mponified with 4 ml 06 n
mﬂhmol{ﬂloﬁ,lﬁswhluhhwubaﬂedwhhﬁmlBFrmthnd
(£ % BFy1) for # min. After addition of 10 ml satursted
Fallalntion the esters wers extracted with 3 portions of about
$ m! petretoum-ether (bp. 40-80 °C). The combined extracts were
mnndtthhw1mqwaﬂﬂhapnmruﬂl:npmitiszzﬁmﬁ
In « rotating evaporator (tempersture of water over
50°0). Up to this palnt the method of Mrrasrrr, SomoTs ant
Prixu (1968) was followed. The mixture of methyl exters waa
now purified by thin layee chromatography The mixture - dissoived
n 03 to 0,4 m] petraleum-ether — was put on 1 mm thick plates
of eilice-gel-G (Alerck).

After developing the chromatogram in pstralevm-etberfdisthyl
etherfacetlo ackd 85 15 1 the spots of the methyl esters were
merked under UV-Aight and then scraped off the plate and eluted
with pentane 7) The methyl-ester solutions were analysed with o
Carlo Erbe gus chromatograph model D with & flame ionfwtion
detertor The cotomm was mado of glass, 1 60 m loug and flled
with 195% PLGA?) on » solid support of Chremosoch-YW
80-100 mesh 3). Tho temperature of the oolumn was 107 *C and
the flow of the carrier gas, nitrogen was 55 ml per minute.
mnhﬁvnqnmﬁﬁuufﬁm&xxyldd:mdotmlncdby
alenhating the roduets of retention time and peak hefght, For
the identification according to the method of Woonromn and
Vax GrxT (1900) some standacd fatty ecids 4 wers used. The list
Zﬂmhtfwmﬁonﬁm«.gjrznbyl‘uqm:dd(lm)m

que of miero-hydrogenation also deseribed by Fanquaan
o &l wore wsed.

RESULTS
NTPTOLOGIOAL EXAMIXATION
The results of the

exxmination of the livers
Dr E.J Vobte of the Phiva are b’

summarised in Table 3,

Dwmtﬂﬂmrld.mfthnolccmpkxmnm

Pertan 09 (flr che Curomatographie

Cardo Erba. ™) B Mk 40
E. Merek 4.G.

PN BN P
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Direetly after birth the piglots wero allowed to drink colostrum.
In this period 3 pigleta died ono from litter I on Apnl 1°th and
two from litter IT one on 14th and one on 15th April Pathologieal
anatomical examinntions were carried out Tho experimental soxs
consumed no coneentrate during the first fow davs after farrowmg
Later on normal feeding was resumed On April 18th the piglets
in litters I and IT were divaded into two equivalent groups accordmg
to weight In this period the active immunization might be expected
to havoe atarted so that they were then mest acnaitive to infection
and intoxication Tho classification of the piglets is given in Table ~

TaeLn 2
Sow = sow milk only +aflatoxin By
o [or | wex fweight(g nr sex  wemht (g)
I 1 sow 380 boar 330

4 boar 3530 3 cow 3330
8 sow 3 60

10 wow 1840 5 Dboar 808
17 boar 330 T mow 30
13 eow 000 8 boar 15%0

g 14 sow 030 8 Dboar 470
18 mow 1800 11 eow 160

18  boar o0 16 boar 1030

17 sow 1090

In the afternoon of Aprl 10th the piglets of tho orpcriﬂmw‘;l
group rocelved aflatoxmn B, for tho first time F very piglot mllomb
a capaulc contaiming 60 g aflatoun By twice aday Frem Aprill
plglets from the two experimentsl groups and the control [!70;;1"
(litter I1I) wero hilled and examined histologically and pat f
logically The organs and carcassea were cxamined for traccs O
aflatoxin By and its metabolites. The sow mulk was also examin o
The fatty aold pattern of heart and liver fat wos cxamined
tho laboratory of De Soliothorst

ANALYTICAL METHODS

Tho fat from tho hearts and livers of tho piglets was oxf;;fucg
with chloroform and mothanol according to tho mothod of
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ond Drea (1959) For the proparation of tho methyl esters of
frity acids about 180 mg fat wus sponified with 4 ml 05 n
wOH, after which it sras bolled with 3 ml BFy-methanol
(+ W% BEyY) for 2 min. After addition of 10 ml mturated
NCHolation the esters wern extrscted with 3 portiona of about
8 ml potrolsum-other (bp 4080 *0). Tho combined extracts were
filtered throagh waterproof Alter-paper and evaporated to drynem
in » rotating evaporator (tamperature of the water bath not over
50 0). Up to this polnt the method of drrauLrr, Scmurs and
Prixa (1968) was followed. The mixture of methyl esters was
20w parified by thin layer chromatography The mixture ~ dissolved
0 0,3 to 04 ml petroleam-sther ~ was put on 1 mm thick plates
of ailicagel-G (Morek)
After developing the chromatogram m petroleum-stherfdiethyl
etherfacetlo actd 85 15 1 the spots of the methyl esters were
marked under UV-light and then scraped off the plate and eluted
with pentane ¥) The methyl-ester sojutions were analysed with a
Carlo Erba gas chromatograph, model D with & flume fontmtion
detestor The column was made of glas, 160 m bong and flled
wih 105% PEGA?) on a solid support of Chromosorb-1¥
#80-100 meah 3). The temperature of the column was 197 °0 and
e flow of the curmer gs, nitrogen was 55 ml per minute
ﬁnmhﬁnqmmhofthabuynddamdﬂerminndby
ﬂhhﬁngthnp—odumufrﬂeutbnttmetndmkhdghh For
ks identifioation ecoording to the method of TWoonrorp and
Vax Grxr (1360) same standard fatty acdds 1) wers used. The Jixt
of relative retention times, given by Fazquiun of ol (1050) and

the techniqne of micro-hydrogenation alse described by Famqumn
® al were nged.

RESULTYS
M TLMMMAL ELAMIXATION
Dt'ﬂ;rm}hafthahhnhgﬂalenmmuhna{ﬂmﬂvmhy
\L‘?aﬁtndtbe?lu’nmmmmr&dm’l‘lhhs

tfsoride
1Y

i

""‘h‘wmﬂmmbﬂ).
(fer S Clromatographie™) E. Marek 4.0,

i

AQ.
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Durectly after birth tho piglets wero allowed to domk colostrum,
In this period 3 mglota died one from litter I on April 1°th and
two from litter IT ono on 14th and ono on 15th April Pathological
anatomical exnminations were carried ont. Tho experimental sows
oconsuned no concentrato during tho first fow daya after farrowng
Later on normal feeding was resumed On April 10th the piglets
inlitters I and II wero divided into two cquivalent groups according
to welght In this period tho notivo immunration might be expeoted
to havo started so that thoy wero then most sensitivo to infection
and intoxication Theo olassification of tho piglets is given in Tablo 2.

TApLn &
Bow sow milk only +nflatodn By
nr nr  sex }wud,qht(g) nr sox we ght{g)
I 1 msow 3750 boar 3840

4 boar 3530 3 sow 3330
3 mow 3 60

10 sow 1040 8 boar 808
13 Dboar 380 7 sow 570
13 sow 860 8 Dboar 15%0

o 14 wow 030 9 Dboar 470
15  msow 1800 11 sow 400

18  boar [tig1] 16 boar 1980

17 sow 1000

In tho aftornoon of April 10th tho piglots of the cxperimontal
group rocoived aflatoxin By for the first timo Fery piglet swallowed
o eapsule contaming 50 g aflatoxin B) twico o day From April 10th
piglots from tho two cxperimental groups and tho ocontrol group
(httor XII) woro killed and cxamined Listologreally and patho
loglonlly The organs and carcassos wero oxamined for traces of
aflatoxin B; and its motabolites. Tho sow mulk was also exRE
Tho fatty ncid pattern of hoart and lver fat was oxamined In
the laboratory of ‘Do Schothorst

ANALYTICAL METHODS

Tho fat from tho hearts and livers of tho piglots was extracted
with ohloroform and mothanol according to the mothod of Broox
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ndiuniufthamnutnmg-dd-ﬁdlmwdﬁo—ltmmdtw
amdaublobondldeerwed—l‘mmthrw'vehlﬁﬂbm
&ohﬁyxddplhmnp;rnmdtorem}nqnlmmmtm;u
mmhﬁmwdxm;bd-ﬂ.mmmmow
Same diffe in oomaposttion existed the Iitters (Table 4).

Tanin 4

Awwdhmﬂwhﬁaﬂh‘#ﬁwmlw
after Bt (In bracheis e momber of popiets)

Utter Htter Htter litter ltter htter  Htter

m I I X hig n s
(afa  twithout) (total} (afle (withost) {total)
toxny o}
® 2] @ @
Pulurtie acxd 11 w1 185 188 1904 1&T 190
Paburtolele acld 53 5a “ e 12 10 71
Hearie ackd 17 1Ll s 3 107 %7 103
Clele acad 311 310 M8 i ml EL A T4
Linckes ackd 13 130 165 154 127 M1 134
Unoknse sed s 17 22 30 4 s 1¥-9
Arnciidorse aad 4,0 55 48 81 37 37 32
Reminng
amturated C30 and
C22 fatty acide 29 19 31 FE I X 29 26
piep-t

The fatty acid puttern of the liver also changed during the first
weekn aftor birth, but It must be noted, that the analyses wers
performed on lrers of piglets which had died. Hirtologieal
examination of the piglets in litter IT that died after 2 days, showsd
& fatty infSitration. After about 3 weeks the poture rematned quite
toostarit for those pigiets that Ind not recelved extra ofiatoxin,
whhoagh fuctuationa in litters I and TI wetn somewhet greater
than in litter XTI The changes shortly after birth eonesrned Iinolels
mnm-vﬂwhﬁwhmmﬁwwmm
Icﬂrhh:hdeMOnthetholeMolWlobodjﬁam
hetm-nth-thmllﬁmdmﬂutotbmaimdlnthemzy.&
wmdmmmmngummugudpdmlﬂa,m
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Tanru 3
numbor
number agoof of days bistologicel observations in the Hver
of piglets piglets  with

nr
examined (dayw) afla +eoxtra v{dmtmnmmm
toxiny,  “fatoxin By aflat
I 1 1 0 normal
o 1 1 [} somo
1 . o fatty infiltration
I 1 8 0 degeneration
e g 1 -] [ disorganisation
somo eentres of
o1 1 14 0 normal
I H 13 15 tendoney to fatty normal
degenaration
i 2 21 15 duwargantsation+  normal
eonnective tiaue+
begnning of bile-
duct proliferation
oI 1 29 0 00 disorganisstian
I 2 ar 20 dogeneration+bile- axeces formation of
duct proliferation  oonnectivo thesus
o 2 35 °p degoneration normal
m 1 3 [} normal
I 1 51 43 normal
i 2 49 43 boginning of normal somd
degonerution enlarged blle-dootd
m 1 87 [ normal

CHMMICAL NXAMINATION
In the following account the fatty soids are expressed a8 relative
quantitica in the fatty acld mixture

HEATRT

In the first wooks of lifo tho fatty nold pattern changod quite
considarably The porocntages of palmitie palmitolele olclo and
Imolenio acid increased the percontages of stoario and arachidonko



0 5 ® B 20 25 3 35 A0 45 B0 age(day)

g v
The porvactage of stoare scd w the fatty ackd mixture from the Hver
a4 differsnt sgea.
_____ + afistoxin-By
*
R {4
0

1

—
s~

oswﬂzoamuuk&m:;gv(dm)

Fg 3
Tb-mdﬂnnl:hnddhﬁnﬁﬂylﬁhinﬂnmﬂ-cmthkm
at diflerent agre.

~_«2-“:1.:.7:1:;131
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linoleis and srachidonio ncid with age havo been reprodueced tn
graphs (Figs 1to4) On the basis of these graphs it acoms justifiablo

13
30 1
I"
e T —— g
1
y | 8

0 85 10 B 20 2 30 X 40 45 50 cein)

Fig 1

Tho poreentnge of palmitio acid in tho fatty ackl misturo from the live
at dufforent nges.
————— + aflatoxin By

to tako the means of the values fram an ngo of 3 weeks. But it
1 olear that tho piglots recciving oxtra aflatoxin acquired a totally
diffcrent fatty acid pattern This 18 even more cvident in Fig 8
where the percontages of palmitio palmitoleio stearls, olele linolae
linolento and arachidonto noid and the remaining fatty neids with
20 and 22 C-atoms with two or more donblo bonda aro rcprodudd
In block graphs Tho piglota rocoiving aflatoxin By during 0 8
and 43 days rospectively hnd o much highor peroontago of paluiitic
and stearo acsd Tho piglots 1n litter IT also had a higher porcentago
of oleio ncld Palinitololo acid was somowhat mcroased in all cascs
at least as compared with tho piglots i Iittor Tand IT that had not
recoived aflatoxim By Tho poly unanturated acids wero

DISCUSSION

In tho first weeks of lifo changes cocurred in tho fatty ackd patter?
of tho hoart and liver of piglota in litters I and I Tho fatty acid
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The of pabmitle, palmitclen, stoarie, olele, Imolds, [nolenic
and arachidonis aexd and the faity ackh with 20 and 22 C-atoms and two o

more double bonda.

Averagn valoes for 3 pugheta from Utter I (age 29 43, 7 daya).

Average valuss for J puglem from litter T (age 23, 37 51 days).
withoat

B
Averngo valuoe for 3 pagieis from liter T (age 1 35, 59 daya)
afstorinB

w e

a

without

Vatuey for ofie pepiet from letter I {agn 37 days) after 19 dapw of
aflatarin B;

Valnes for cve peglet from kettor 1T (age 35 days) after 29 daya of
aflatoxin-By

Vahues for ame peglet from littee 1T (age 49 daya), sfier 43 daye of
aflataxin-

puttern of the liver did nos divergs much from thoss of pRglets in
Utter 111 that wero killed later on (Figa. 1 to 4) The piglet in
lister 1 that died after I day showed & strikingly low pereentsgs
of linolels aeid (Fig 3). This could be connected with a differeqos
hﬁnyntﬂmmpod&bnbetmmyymnglndlduhﬁumu.
Thelmrpemnnguufﬂmh}enddmlhnfmdintbopigktq
i ltger I1 that died after 1 and £ days but here

abnormalities were aleo fonnd, and fat
o dhearpunisation ty Inflltration
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Fig 4
The percentage of arnchidonic acid in the fatty acid mixturo from the liver
at dulerent ages.

- f +aftatoxin B,

pattern in the henrt of one piglet in tho contro! litter (II) that
was killed nt 14 days of age diverged in some degreo from those
of other piglota in thia litter Jalled Iater on But it was comparable
with the patterna of piglets in litter T and IT that dicd nt 8 and 6
days of ago rospectively This suggests that theso aro normal
changes in tho first weeks of Iifo which aro not related to the
adminstration of aflatoxin B, to tho sows. Theso changes aro pot
surprising beonuse it is probable that tho placenta of sows B
only moderately permeable for freo fatty acds (LEaT 1866) &0
that tho fatty acld composition of footal tmeuca can diverge
marhedly from that of adult tisucs, After birth the fatty aod
composition of the eoloatrum starts to play a role in that of the
tumues of the piglets.

As regards tho livor the results of the analvacs concerning the
first weeks of life aro moro difficult to interpret Of the piglets
examined boforo April 19th only tho livers of ono piglet in htter I
(dicd after 1 day) and of ono piglet in litter ITT (killed after 14 days)
wero histologically corapletely normal Of the Iatter tho fatty acid
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which eat o mare than 80D 4g efiatoxin By per day in the ratlon.
For young plglets & daily intale of 100 g aftatoxin B; over a
longer period of time may upest the st metabolnm.

SUMMARY

A daily supply of 100 »g aflstaxin B to sooking pights led ¢ chunge

the fatty ackd pettern of the hvee The perceniages of saturated and

mono-cmestirated fatty echds Incroased and the pereontsges of poly
aclde decreased with time. Histokgoally

L3

for & longer turw, showed 0o hastologieal and ebemical change in the liver
o different ages

Theto was w0 mftuenoe of adetorin-B; on the fatty acid pattern of the
Tt
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If we consider tho results of the histological oxamination then
it is clear that of tho piglets in litter I and IT that romalned
alivo more than 14 days and reccived no oxtra aflatoxin B; thelivees
were normal and sumilar to thoso of tho piglets In tho control litter
Tho fatty acid pattern of all theso piglots was rather similar
oxoept 1 regard to steario acid (Fig 2) One mught conclude that
aflatoxin By fed to sows does not have any influonco on the piglets,
but the histological abnormalitics of the liver found in the piglets,
oxamined 1n tho first weoks of lifo indicato that caution is necoasary
in drawmg theso conolusions (Tablo 3) It can be sssumed that
thero was no intoxication vis the sows milk.

Noither aflatoxin By nor a metabolite of it could bo ahown in
tho sows milk, oxamined at the RIV If wo boar in mind the
quantitics of aflatoxin B; administercd this could not bo expooted.
Va¥ pxr Lmvpe ef al (1084) used much larger quantities to find
o metabolite of aflatoxin In the milk of cows

The administration of oxtra aflatoxin By to somo piglets lod to
striking changes in tho fatty acid pattern of the liver With tune the
changes woro more pronouncoed. Bearlng in mind the composition
of the liver fat of the piglots in Ltter II which had recclved
aflatorin B; during 20 and 43 days respectively thers is an
indication that the composition remains constant in the end. The
sort of changes, an increase of the percontages of saturated and
mono-unanturated fatty ncids and & docroass of the poly un
saturated fatty acids points to a fatty infiltration (Fig 8) But this
1s not shown histologically in all the casce In only one of thes
piglets was a tendonoy to fatty dogencration found (Htter I) Thero
was no oloar correlation botwoon duration of intake of aflatoxin By
and the histological changes It is suggested that the chemical
changes found can be demonstrated carller in tho liver than
histologioal ohanges. It ia steiking that ZwarT and Harpmva (1004)
in an expertmont with black pigs m Ghana obsorvod a strong fatty
infiltration in tho liver in early woaned pigs after ono fecding
of 400450 g of malzo brans infocted with Asporgillus flavus. How
much aflatoxin theso plglota consumod with this ration is not
mentioned

An oxplanstion of our findings can not be glven at this time

As & tontative conclusion to our investigations it can bo atated,
that thero Is no danger of intoxication of plglots suchled by sow®
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rooklsws actirity during the healing process n woanded rats and
soimals troatad with vitsmin A and hydrocartisone.

MATERIAL AND METHODS

Albino rats (Curworth Farms) welghing an sverage of 200 g
were divided Into 4 trestmnent groups as follows 1) eontrol,
1) vitamin A, 3) hydrocortisone and 4) vitamin A +bydrocortisoue.
In addition, fifteen, normal Intast rats were incfuded for evaluation
of bam! enzyme lovels.

The hair was removed from the dorsl surface with an eleetro
dlippers and ths skine were newed under light ether anesthesis.
The midline incalon was approximately 134 long and locsted £7

were spplied locally along the inchalon and the wounds were clossd
with stainleey steel clips

Five rats wers killed by decapitation at 025 0.50 075
124 7 10 14 17 20 and 26 days. The wounds were rapidly
removed by entitng 35 mm on efther gde of the indalon (total
width, 7 mm) A secton of akm from the same dorssl ares wxa
taken from the normal intact, untreated snimals. After weighing
o0 an analytical balsnes & pleca of the exetsed tisns (excluding
the arens of the stainjess steel wound clips) was quenched between
two bioeks of dry dco foc 1 minate. The frezen skin was placed
in & rubber finger cot and shattered by hitting it several Hmee
vith o hammer Ths mactrated tiome wea tranaferred to s fleak
contalning 10 ml of cold distlled water and homogenived with &

do in 1 br at pH 45

Drynighhmobuhtdbydryingnpkmdthnvmmdui
-k'h}biuwnmmmnwcmnham

dats was evaluated statitioally Analyxin of
varince and the “F test fordgnmmnm(&vwwnbny.lwd}.
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THE INFLUENGCE OF VITAMIN A AND/OR
HYDROCORTISONE ON THE £-GLUCURONIDASE
ACTIVITY OF HEALING WOUNDS IN RATS

=)

JOHN P MANNING axp QENE DIPASQUALE

INTRODUCTION

The listochemical cliaracterization of g-glucuronidaso activity hn
healing ahin wounds has been cstigated in the rat guinea jud
iguana natterjack toad axolotl ote (RagraLiio 1003 1905
OarRI¥I and CARRANZA 1061 8TOLR 1861 10820 b) Depending
on the stago and degree of repair this lysoeomal cnzyme localres
primarily 1 fibroblasts Joncooytes macrophages multinueloated
giont cells and regencrating eprdermis and can Lo detected as
early as one hour after wound initiation In the regencratlon
proocess, the role of glucuronidaso has been related to (1) an adaptive
defenso mechanism (catabolio activity in phagooytosts) () cotluler
proliferation and (3) formation of ground substanco (RAEKALLIO
1003 1005 OABRINT and CARmANZA 1001 StoLx 1801 1002, b
In this latter regard Duwrny and Upura (1088) demonstrated
that mucopolysaceharides which are neccesary for deposition of
adult collagen from the soluble nonfibrous protem material
produced by conncotive tissue colls wero signifienntly increased
during tho first 3 days of wound healing In addition Prrmisl
Bauy LARSIDIANAN JUNGALWALA and Rao (1906) WoLBACT
(1047) WoLr and VARANDANI (1960) and Wory (190°) havo
illustrated the importanco of vitamin A In tho synthesis of ncid
muocopolymaocharides Vitamin A is involved in the formation of
an activo sulfato (3-phosphoadencsyl-5-phosphosulfate) necessary
for the sulfation of mucopolvsaccharides (Varanpaxt WoLF
Jomwsox 1060 SuNDArksax and Worr 1083)

Tho purpose of this investigation was to evaluato tho f-gloct

400
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reertying witamm A-thydrocortisone  the Bglucuranidaso
r:cthnpcnbdutdaywmdt&amlﬂidmingdjy: 14-26
bowerer the sctivity atfl] remained signibcastly highes than the
wourded controbs (Fig 2).

werded
T mocc:"-ﬂﬂ'\'
gm yrtamin A hydrocor thone

e
o>
]

3

[

the sewruge of Ave olwervaiions and the standerd error of the mean dad not
vary more than 4 15 %

The f-glucuronsdase response to tkin wounding iu probebly
trought sbout by & number of coutributing factors such =e
1) cataboli hydrolyte setivity of phagooytlo elements 2} cellalar
hyperplasts and hypertrophy asd 3) sn snabolic rols for the
formation of ground substance (Raxkarzzo 1963 Capmrr and
Camxawsa 1961 Srorx 1061 1942s, b) In this latter regard,
Drxeay and Unora (1055) suggested that wound healing eould
be dirided fn two parts (a) & productive phase (days 1-5) associsted
with maximum mucopolysccharide synthons, which is necessary
for the depoition of aduht collagen from s soluble, nonfiteous
Protein material produced by eonnective tixne cells (b) & collagen
Phase (day 5 to complete healing) representing the formation of
the filmotic elementa of the wormd mattix. Binee Sgincuronidass
R‘humndtheﬁmﬂhd;yuf!hoprodnaﬂva]inn the
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RESULTS AND DISCUSSION
This investigation demonstrated that blochemically determined
f-glucuronidase which was fnercased by wounding per a0 peaked
on the fourth day of healing (Fig 1) while tho cnzymo on days

18000~

S 15000

i Wourded contrit

g Intact contral

b

%

g B00O-

] s 10 1) ~0 3

Timo (dava)
Fig 1

Tho B giuoutonidase activity during tho bealing process in wounded

control mta. Wounding per se sygmificant]y 1ncronacd tho engymo level w

all timo porlods. Fach point roprosonts the svomge of flvo observations
and tho etandnrd error of tin mean did nct vary more than & 16 %

7-26 although etill sigmflenntly higher than tho unwounded
controls stabilized at a lower Ievel Theso results are similar to
carlier histochemieal reports on hepling akin wounds of the rat,
guinea pig iguana natterjack toad and sxolotl (RATRALLIO 1983
1065 CaprINT and CARRANZA 1061 Stork, 1061 10022 b)
Conupared to the wounded controls vitamnn A maintained &
significantly higher fi-glucuronidaso throughout tho 76 day test
porfod In hydrooortisono treated animals, howover tho ensyin®
activity was dopreascd during the first soven days snd inercased
during days 17-38 of wound healing Buch observations mggest
that hydrocortisane may stabilizo the subcollalar structures by
proventing production activation and/or releaso of the ghieuronl
dease In contrast vitamin A would stimulato theso protesscs In
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SUMMARY

setivity wae valuated fn skin for 26 deys during the
hesling process tn wounded cootrol rats end animals treetod locally with
vitammin A andjoe byt & Iy ined #-ghoe

which was increased by woonding per s peaded on the foorth day of

The results are dmocused in reltion to the rolo of 2-ghaaronidas ko
aynitbecs and the farmation of eollagon.
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implication of this enzyme in mucopolysaccharide formation b
highly suggestive In addition, thero is an increased nuelsis astd
synthesis and glycogen deposition and these eventa are mdiatve
of o hypermetaboho atate (BraD¥rELbd 1051 Joresov and
McMovy 1980 Trorr and Prmcorr 1003 Winrzumoy and
GUSONLBAUER 1001 1005 GUSCILBAUER and \WILLIAMSOY 1963)
Tho tensilo strength was determined on 4 7 10 and 14 days
after wound initiation in rats treated with vitamin A apdjor
hydrocortisono and the resulta were reported in an carler
communication (Maxxmee and DilPasquare 1087) In general
wound strengtha were mmilar m vitamm A and control animals.
In contrnat the locally apphed glucocorticoid mgmificantly lowered
the tenaflo strength and this cffeot waa only partully roversed by
witamin A If these results are compared to the enzymatio reaponses,
no direct correlation can bo made poesibly beecauso the ovents 1B
healing are so complex and interrclated that the truo connections
with 8 gluouromidaso are obacurt For example tho neeessity of
vitamin A for tho aynthesia of mucopolysaccharide has been
previously demonstrated (PERUMAL of o 1066 Worpaom 164
oL and VARARDANT, 1960 VWoLr 1062) thus onc mught cxpeet
that vitamin A administration to wounded rnts would enhanee
mucopolyeaccharide formation g glucuronidase activity and wound
tensilo strength In spito of the inoreased enzymo reactron howeser
the tenaile strength over the 14 day pertod did not differ algnificantly
in tho vitamin A treated and wound ocontrol rats. Apparently the
scquenco of eventa is #o enitically controlled (quantity and quality
of substrates, time ote.) that tho prescnoe of any one component
1n oxccss nmonnts doea not necessarily enhanee wound healing
On the other hand & deflaieney m a deesivo element (vitamin &,
glyoogen vitamin C RNA and DNA synthema mucopolysocharide
formation) would most probably retard the henling proocess
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In cur seaxeh for the mechantnn af the amino acid relowse from

hh&mbydrupnnmmthomapedﬂn.ﬂ:ﬁm
phosphatsse (EC. 3131) (DE Waazr 1964)

Btroctural bound as it s (Kovixoy 1064) we used this epxyms
ﬁroarpn-mtaxpnrlmmt-.mumhstheuﬁvitybytho
hydrofysts of the sobstrate p-nitrophenyipbosphate.

The dats wers recorded st phyxtologiosl pH valoes, not caly
in arder to simulste s rito situations, bat sdditionally the observed
efiects wers actually greatest at pH 7.3-76 Thus in the course
of our fnrvestigation on activity of p-nftrophenylphosphatase (Pupp)
1n homogenates and saspensions of subcellular particles wo obtained
ovidence that phenothistines affect the integrity of the membranes
of brain tissus especially

The results, which wo have p d fn prelimipary £
ecations (Dx Waar o al, 1068, b}, will be described fn full in
this paper

METHODS AXD MATERIALS)

Two months o}d male albino rate, which had fres scoems to food
and water wers killed by decapitation

Cersbral  hemispheres, liver and kidney were Immediately
removed and pooled homogepates of esch organ wers mads in
cold 025 3 sucroes in & Potter Elvehjens hamogenizer with teflon
pouile. Final concentrations of homogenates were brain 109, Iiver
5% a5d Kdney 25% weight/volume, All subsequent operstions
wers performed at of 04 0 H.

3 were
either used directly or differentially centrifoged st 1000> g and
#000x g in Phywe Ehpirocett and at 108000 x g in Phywe
slirueenirifoge P 30 K. The peliet from 10 min 1000 x g was washed
oote with 0..5 ) soerom and subjectod to ansther 10 min at
1000 x g. This sediment was called nueloar fraction. From combined
n‘):ﬂ'nsunuudxmentcdinwmm“mx g the erude

‘bondrial fraction and eubeeq ty in 60 min st 1056 000% g
thammum:lfnnkmwmobﬂhmd.’l‘banm&hh;mpmnhnt

) Pbemothasions were kindly provided by “Specls  Pack, and
Ocphrnadone bry BrecsdesSthorrosn & Pharmacia” Hasrleo
&vmwmw,t‘ : Othwe
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EFFECT OF SOMF DRUGS ON p-NITROPHENYLPHOSPHA
TASE ACTIVITY IN BRAIN AND LIVER TISSUE OF THE
RAT WITH SPFCIAL REFERENCE TO INFLUENCE OF
PHENOTHIAZINES ON \[EMBRANES OF BRAIN TISSUE

BY

C DE WAART TH M BROGT awp J H SIETSMA

INTRODUCTION

From provious investigations in this laboratory DE T\ AART (18584}
roported that in rat bran slices histammo could antagonize the
inhibition of oxygen uptake cnused by several dimethylamine
cthyl benzhydey] cthers having antihistaminio and tranguillizing
propertice. This antagoniam could naot be explained at that time
Further mvestigation of the problem by De Waagr (1058b) and
ErxsTING et al (1900) brought to light that various drugs influcaced
releaso of bound amuno acids i netabolizng rat brain sheee.
Enxarria ef al (1001) suggested that membrane structures were
mvolved with this typo of atimulation

In the past deeades the numerous reports made on action of
phenothinzmen on enzymea deseribed inhilntory effesta, only DEsSCE
(1957) mentioned incidentally  stimulation of \TP-aso Y
Multergan in rat brain homogenates

Reeently Lovrnor (10165) assumed that the activation inhibition
phenomenon of different concentrations of chlorpromazmne on
ATP-nso and succinate dehydrogennse waa understandablo fn
terms of interferenco with tho structure of the mutochondrion
nmembrane GuTh e al (1004 1065) cmphaszed the aignifieance
of tho effeet that the phenothiazines exert on membrancs whert
theso druga aro sufficiontly concentrnted in the body They suggested
that changes in membrane pormeabllity may bo tho underlying
mechaniam of action of phenothiazines in tranquillization

468
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Tawrs 1
pmirephenylphaphatass activly in jractions  rat teese

pH** ‘Braln Liver Kidnay
homsogrnsts 9.8-10.0 1842 6.0~ 80 I8 ~1T0
amogonsts 73-74 L3 ¥ 3 132-167 235-1270
Dol 1374 03-05 13-32 30 45
ermle mitochandrla 13- 74 1618 28-37 81— 95
Icrosomos T4+ T4 10-12 23- 231 i1 690
mperpatad T T4 1822 A2 54 85 84

T  fgumes m the table reflect the rangn of the activities collested from
thres of mory

expefoents.
axprwsed in pmole poitrophenol farmed per 100 mg dlesectad tiwas
m M mm ) ITC

* glycine buffer pH 0 6-10.0
Trie baffer pH 72 74

With the isclation procedure used, the majority of the sctivity
s found in the particonlate fractions. In order to reduos the laborions
woek of irvestigating the effect of sabstences on all of the particulate
fractions of the diff P ly we d a pumber
of drmgs primarily in h te preparations. In deruth
of pobhications of Brruaw (1963), BLzx (1965) and Zoorars {1968)
on sarisos properties of the phenothisines we
#dded for comparative purpases & few non-ionio detergents to the
series.

Wededgmdourarpedmtnuinmch.nythndny-both
normal and drog-infloenced actisity of the pooled organs from the
sune enimals were taken in ose run. Putting the normal value
of taeh fraciion at 100%, we could show in the tabls tha effect
of drugy most rellable in mutoal camparfson. For resson of
uniformity the effecta of )] concentrations were prosented.
Optimal concentration could diffr however for instanee
ﬂhmmmm"mdmumcﬂ‘cct-tam)lmd%brpummm
at 1 md

\We bave not liated compomnds, whish had £0 stimulating effects
oo bashiturates, procaine, iproniends acetylcholine and others.
Alnmhnmm!eddnuﬁomhdmyu.m by lack of
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was not treated further All sedimented fractions wero carefully
resuspended in 0 25 M sucroso by hand homogentation Suspension
conoentrations of tho particulato frnotion wero adapted to
experimental conditions

Doterminations of pnpp-activity were porformed in 10 ml
incubation mixture which consisted of 05 ml tissuc preparation
7 ml 020 M Trihydroxymethylaminomethane buffer pH 7°
(‘Tris  hoch Light) containing 1 mM MgCly and 25 ml 4 m)
p-nitrophonyiphosphate-Na (British Drug Houscs)

After a 60 min inoubation period at 37 C in a Dubnow shaker
1 ml was taken from tho reaction fluid and pipetted into 11 ml
002 M NaOH If turbidity ocourred (as in the presenco of chor
promazine) this alkaline solution wns centrifuged

Extinction of tho yellow colour of p-nitrophenol was meesured
in a Vitatron photomecter UC 100 with a 415 nm interferenes
filter Aetivity of the enzymoe splitting p-nitrophenylphosphato was
oxpressed In g mole p-mtropheno! formed in 1 h at 3¢ C by
proparations derived from or corresponding to 100 mg dissccted
wot tissuo {n molo/100 mg)

RESULTS AND DISCUSSION

Although alkalino phosphntaso (PC 3131) in the body 1
characterized by its activity in alkaline miliou tn witro itis pmm\"l
to work 11 tiro predominantly in physiologieal pH range In
addition Aortox (1057) and SAEv (1064) observed that the
pH-optimum of alkalino phoaphatasc in tixsucs ehifts to the physko-
logical rango when substrate concontrations aro low and approd
physiologionl lovels The pH ourvos of the p-nitrophenylphosphatase
(pnpp) activity In brmin liver and kidney exhiblt different
characteristios (unpublished results, authors) In contrast to &
distinet allaline pH optimum of pnpp in hidnoy tissue wo conld
not demonstrato any pronounced pH optimam in broin tasue
From maximal aotivity in aold miliou tho pH ourvo for brain
tissuo deolined slightly towards the alkaline mde Owing to the
notoworthy results in tho physiologienl pH rango, cepecially i3
brain wo foousscd our investigations on this pH region From 3t
oxporimenta, the range of pnpp notivitios of homogenates ad
suboollular fractions aro shown in Tablo !
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phmphm[nomupmhnithmmpmhhh thet the reyults
bdnuzthttbopnppenzyumlnbninwhundlﬁeﬂm
sroctors] environment than fn liver sod kidoey tiwse In
nmqmncoo{thbdlﬂ’cfenthcorpumﬁonofthemembmuuf
verions tiumes e can expect s particular effoct of drugs, which
e pow presumed to influenon the structure of the membrases.
Those compormds showing a atimulstory effest on the splitting
of p-nitrophenyl phosphate in braln homogenatas Were solestod
for farther investigation of their effect on the same enrymme activity
in particulate cell fractions. Littls or no effert of these substances
was observed in noclesr and supernatant fractions.

Therefore we ooncentrsted on the erude mitochondrial and
microsomal fractions,

Fram Tahle 2 we leern that the particulate fractions of the brain
thowed a greater stimulating effect than that cbtained in
bomogenates.

Even those substances having s small effect on Liver homogenate
thowed o greater effect ou the mitochondrisl fraction,
we may presume a aimflar mechantm of acthon of
the drugs in lver.mitochondria with respect to the increased
activity of 1ta bound papp enxyme it Is clearly demonstrated that
in partionlar observed the drug-sction is at the subeellnlar particle
of the brain cell.
The question arme whether thu promoted entyme sctivity was
mite release of concealed evxyme from the membrane containing
systems jnvolved, or & revealing of additional aetive stes of the
bedded enzyme 1y with & better g fon of the
mmbstrate This problem could be sobved with the akd of detergent.
Tbe-ohbﬂhmgmpcﬂhuu{detn@nunmhndmthefnm
tatlon of the membrane Bound enxymes become partially oe folly
released by treatment with detergents and are detected In the
mpemauntlﬁ:cemdfmtbn.mththhpmdbﬂﬂyhmhd,n
L5 bated or crutle mitochondrt stons of
mhl{hrmnpberuh0.2)[TrhhnﬁerpH‘l..(mlamntbs 7
witbout sulntrate daring 30 min at 37 °C, with addition of 1 mf
Qlorpromasine oc 01% Sterox SE. After the pre-incubstion

Period pariices were sedimented at 103 000 x for 60
min,

Prpp-sctivity of sedl and ;A‘ 1

urisl way bl gkt in the
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significant notion From tho table wo learn that drug actkm b
strongest m bran tissuc

TabLe 2

Effect of various drugs and detergents on p mitrophenydphosphaias adicily *
tn particulats fractions

Brain Liver

Hom Mit Bher Hom. . Mior
Nono 100 100 100 100 100 100
Promothazine 176 180 %02 105 135 ki
Thiazinamium 170 217 43 118 1 103
Chlorpromazine 167 189 213 18 103 &
Levomepromazine 108 1868 144 107 1 18
Imipramine 101 .22 %07 110 1% 82
Neo-Antergan 18 131 118 11 113 1B
Diphenhydramine 1.2 133 18 m o 1as n
Neobenodine 150 162 176 1.5 o 1B
Orphenadrino 181 14 171 1) ~ -
Chlorovelizino 176 198 .3 108 141 T
Sterox 01% 157 107 130 L8~ -~
Triton X 100 0 1%, 157 164 121 1= 1 1
Digitonine  01% 155 144 118 105 12 L

*  Activities am dotermined in Tris buffer pH 7.3 at 37°C.
* Bach of tho fruotions is roferred to ita control, which=100%
All drug concontrutiona aro 3 mdL

In tho phonothiarinogroup both promothazine and thinsinamfur,
known for thelr strong antilistaminio propertics show tho samo
lovel of activity as chlorpromazine

At the bottom of tho list tho figures of the action of threo
detorgents on pnpp activity showed that tho bost stimulating effect
in tho organs toated was found in broin homogenate or in other
words the solubilizing and fragmentizing action of dotergents o
membranc bound enxymes is domonstratod in brain tisue most
offoctively Althongh wo found in a parallel investigation (un
published) that brain livor and kidney had different iso-cnxyme
pattorns of the non-specifio nlkalino phosphatase and also different
pH-curves of the pnpp we think it is unlikely that the differentia!
drug-effects in tho tissuos meroly stem from difforont kinds of
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ning sttached to the b Thhs effect of drugs i
reversible, a5 we observed from pre-ncabetion experiments.

In arder to Xnow whether the effect wan restricted to pnpp
aloe wo earried out mmilar experiments with glutemio acid
decarboxylase (EC.41118) and found corresponding results.

Presumably this applies to other membeane-boand enxymes
(-4

I:ﬂ:mnlu:}on tha 1» wilro experiments indicated that the
stimojating effect of phenothisxine-droge among others is due to
their membrane altering properties rather than to a direct Inter
actlon with the enxymes

ABSTRACT
In bram and llver of the rat pnitrophenylphosphatase acthrity wes

the enrymes in & bound state in contrwm to detergenta whach solublized
them to  great extent.

In dwoussion the st of action of the stimuletion phenomenon was
ascribed t  alb of the }*

which quently

trealed additxnal setive sites of the bornd enryms.
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TanLn 3
Distribution of boundfsolubile ed pmitrophenylphosphatass aclively afeer pres
tneubation,
30 min treatment after
Fraction pro Incubated pre-ineubation
at 37 *C sediment  supermatant
103.000xg 105,000 xg
no addition 78, 2%
Homogenate 1 m3 Chloxpromazine 81 »
01 , Storox BE 43 87
no addition 73, 7%
Crudo mitochondria 1 m) Chlorpromasine 87 13
0 1°, Bterox 8E 49 L

Figures represent © distribution of recovered activity in fractions.

When pro-trested with Chlorpromating (Tablo 3) the ratlo
bound/solublo phosphatascs showed no difference from control
ratios Tho dotergent on tho contrary solubilized the enzgme to
a largo extent.

Theso obecrvations refleot that although drug and detergent
Loth increase tho pnpp-ephtting activity their mechaniama of
action nro basioly different Probably tho drugs in question aiter
the membrane strusture without damaging it causing an unmaaking
of the activoe sites and botter access of substrato to astivo sites on
the bound enzyme

A mere stimulation howover should bo reflooted in & changed
AMlichnelia constant Km. From experiments acoording to tho method
of Lineweaver and Burk wo caloulated the npparent Km=9x 104M
both for referonce as for drug d brain homogenates. With
no chango in Km valuo although an increaso of maximmm rate
was notlood tho phenomenon must bo duo to integrity alterstion
of tho membrano which mado tho substrato botter acocssiblo to
oonpealed notive sites Wo intentionally avold Introductlon of the
fastor of membrano permoebility an our cxperiments woro not
denignod to mensuro transport noross membranes. Under Influence
of tho drugs the bound pnpp enryme achieves full expression while
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LIPOLYTIO ACTIVITIES OF A PARTIALLY PURIFIED
ENZYME OF THE ELASTASE COMPLEX )

"

W A LOEVEN?®

1 INTRODUCTION

Recently the release of the oarbohydrate maeties from alkali-
treated and ackd-treated elastin was studied by incubating elastln
with varfoos enzymes of the eltstase complex prepared by mesns
of & column ehromstographso technrue (Loxvey 1883a, b). The
results of these experfments agresd with dats o the literature
touterning the heterogeneity of the carbohydrate moleties n
ehustin (eg Baxas end Bars 1958 Gorre o ol, 1083 MoRer
e al 1984 Warrorp o al, 1959 1661)

The sesults of the investigation on the release of Upld lfke material
during the ineubation of elestin with thess enzymes were however
nd with the opemk of Ba¥ua and Bard (198 )
FEA1, {1991) and Baxr, (1861 1963) who beltsve that the mucolytie
elsstare component has a lipolytio character rather than a true
maeotytic one and should bé called elastolipoproteinase (HALL,
1084} 1n & preluninary note we have already mentfoned that nons
of the components of the elastass complex med in our experiments
thowed any lipalytio activity (Lozves 1065b),

It appeara, bowever that panoreas powder contains still another
tuivme obe that bas esterolytio activity on “lipid  sobstrates

) Tho artrcte m Bart IV of the wevies on  Elastolnie™ Part I ppoared
™ \he Aris Pharmmeol Nearl. § (1860) 473-600; Part 11 in the
Procerdicys of tha MATO Conferencs on the Stracture and Function t
;:.:.q lf-;::‘zmd%dLMWN—ulmlNh
erworthe London,, 1945} 109-118; Paxt Arts Physiol.
MMU(\’Q,)!TI—P;J, * Tt
N Vb the wechedesl saisancy BeckJacumen,
Wise ' Low, aod Mr B Jekel, o A0 oA
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LovrrRur 8 A compamtive study of tho influenes of chlorpromasine and
imipramine on mutochondrial nctivity J Neurochem. 12 743149
(1008)

MMortox R k., Tho kineties of hydrolyns of phenyl phoghato by atkalme
phosphatasen, Biochern T 65 074-88. (1037)

Novizorr A B embrano bound enzymes Bixtl Internatioral Congres
of Diochemistry Now York Abstracts VIII 009810 (1801}

8amv G K., Bomo conceptn of the intraoccllular function of alkafine
phosphiatasce, bascd on investigntions of the mechantsm of their acthon,
knzymologin 26 100-1 8 (1964)

Srmux P M and H. 8 BraLy Tho surfaco activity of tranqulliivers,
Biochem Iharmacal 12 1181-1181 (1863)

Wasnt C pr Histamino n% nn antagonist to tho offect of & senes of
substituted lmethylaminocthyl benzd ydryl etlers on tho ecllole
reapimation of mt ccrobral cortox alics. Actn Physiol Fharmacol.
Neerd 7 403408 (1058a)

Theats Freo University \mat rdam, Someo derivatives of dipben

hydmmine s inhibitors of tho mtermedinry metabolem pp. 81 1

(1038L)

\lkalino phasphataso aotivity s tho bindlng mechanien of the

freo aminoucids in ra¢ brain tiwuc, Sixth International Congress of

Diochemnlatry Now York, \bstracts VIII 4 p. 648 (1884)

J H Bwrssa W Frawnnoa and Tn M DBooor Action of
Chlorpromazine on non-speeiflo phosplintaso bourd to b L
bruin tivuo of tho mt Nature 212 848-840 (1960a)

———— Tn M Broor D Il vAx prw huxprs anl W Fraweens,
Intracellular Jocallzat on and Dbinding of p 1 itropbeny Iphosphatase
(Pnpp) in rat beain tiee Influenco of phenothiadine derivatives,
Abatracts of tho third meeting of tho Federation of European o
chemical Bocletion. Warsaw F 73 p 314 (1800b)

Zoarayt G and T Zarewpa The surfuco netivity of phenothlaxine
derivatives at tho sirsolution interfice Biochom Pharmscol. 13
501-508 (1800)
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hmyru-pechneomblmﬁm:o[thdafdmahdomnmllml
sod Em-S {for & more detalled survey of theso components of the
clastase complax, vee LOXYEN 1065e, b o).

Reeently it was found that with this chromatographio technique
other fractions with o synergistie effect on the activiiy of elasto-
proteinass ean slso be eluted from the eolumn when a stepwisely
Increasing salt gradient with Na(R s introduced. Fig 1 ahows
Aphend tlution diagr of crode dlastoproteinase +Em 1 - rieh
and of eruds elestomuocase (Em-8) ~ rish samples prepared from
a0 acctate extract of pancreas powder (theso two arude samples
sre ealled A¥T and AES, respectively following the terminology
of Hirr and Caxxxawaky, 1059).
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and roleasca lip!d liko material from acid treated and crude elastln
and aorta powder in this way showing a synergiatio effect on the
aotivity of clastoproteinaso

Bome preliminary results of the Npolytie activity of this partlally
purified enxymo (which seems to differ from pancreatio lipase
phospholipase A, nnd nliesterascs) will bo presented in this paper

2. MATERIAL AND METHODS

21 BusstRATES

Acld and nlkali treated elastin wero prepared from bovine
ligamentum  nuchno na already deseribed in dotall clsowhers
(Lorven 1060)

Tho calf nortn powder used in somo oxporiments was propared
from fresh materinl obtained from the slaughterhouse Tho aortas
wore dried with acotono minced in a power-driven mineing
machine (Peppink, Amasterdam) using moves with holes of 10 05
and 0 2 mm diamotor oxtracted with 0 89, NaCl until tho extract
gave o negative protoin test with the biurot method dried with
acotone and cthylother and finally minoced again through a 0 2 mm
slovo
Tho human sorum was o pooled sorum samplo kindly placed
at our disposal by the Bloodbank of the University Hoapital of
Lelden

Tho other substrates were commeroial products Tween 20 (Koch-
Light Labor Ltd Colnbrooh England) Ediol (Riker Laboratorics,
Northridgo Californin  UBA) glyccrol trfolein (Tho Britizh
Drughousos Ltd Poolo England) g naphthyllanrato (Nutsitonal
Biochomicals Corp Cloveland Ohfo U8 A.)

22 PREFABATION OF THE ENXYMES AND SOMH OF THEIR
CITARACTERISTION

Elastoprotoinnse nnd tho two clastomucascs (Em I and Em-S)
woro purified cnzymo samples isolated from pancroas po
(Viokaso from Viobin Corp Montioelli Il U8 A. or pawder from
Organon NV Oss, Tho Notherlands) by means of column
chromatography using DEAE-Sophadex as packing material

Tho bohaviour of two other cnzymo fractions which shows
mucolytio activity — tho so-called 2nd frastions — appears to be



- ]

— e
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AER ¥~ 005 31 KaQl—Ir

I B

AER 01 M KeCltr
g ~
Paper of tbe fractioos etated from 1hs colaron of Fig, §
alter the sddstom 2o the baffer wobutvon of 0.03 and 0.1 31 XaCh (Bphaco
*Iraraing Veronal bffer of FPa8.073 plw=8. cootsnt corrent of
HomA,

gt volisge of 180 V) running pepod I 1) hryg paper strips
stained with smxda biack 10H; Whatren 3 MM paper).
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Nearly all the enzymo fractions that can be cluted with the
Nn2COs-HOI buffer (pH 88 T/2=0 13) give protein bands at the
cathodio side in tho paper elestropherogram (clastoproteinase
runmng faster than Em I whereas Em-8 gives n more difuss
protein band near tho line of application sco Lorven 10852, b)
Only the smoll fraction that can be eluted with tho buffer after
the clastomucase-containing fraction gives a rather diffuss protem
band lying just at tho anodle aide of the hne of applcation.

Thia amall fraction present in both erude enzymo samples, has
not been studied extenaively but the results obtained so far soggest
tho presenco of partially denatared but still active clastomucaso
(sco Table 1) Tho samo conclusion may bo drawn from the
preluminory oxperiments with the fractions cluted from the column
after the addition of 005 M NaCl to the buffer solution Fig °
shows the paper clectropherograma of the various fractions clated
after the addition of a salt gradient to tho carbonate buffer The
two fractions cluted with 0 05 AL NaCl in tho buffr and obtamed
from AES samples show two protein bands at tho anodio side of
tho lino of npplication (the paper strips aro stained with amido
Dlack 10B) When chromatographing AEI samples wo found that
tho 0 05 M NaCl fraotion (somotimes prescnt as two peaka largely
overlapping cach other in tho clution diagram) contains material
that is ncarly immobile during paper clectrophoresis and ehows
slight lipase activity when its activity Is tested againat a speafic
synthetic substrate for lipnse namely g-naphthyllaurate 1n the
presoneo of sodium taurocholato (sce Table 2)

The behnvionr of tho fractions cluted from tho colamin when
the NaCl gradient is increased to 0 1 molar will bo discnssed in
dotail later In this paper Here woe will only mention that the
01 M NaCl fraction from crude AEI samples ahows two protein
bands in tho paper olestroplcrogram ono band upon the ne of
applieation (contaming pancreatic lipase aco Tablo 2) and ene band
of n protain that Lelinves as a serzm A-globulin and most bo
oconsidered to bo the clastolipoproteinuse (sco below )

Tho 0 1 AL NaCl fraction from crude AES samples also conaists of
two protoin components the A-globulin like protein mentroned
abovo (= olastolipoproteinase) and an ay-globulin Iike protein &l
present in the 0 05 3 NaCl fractions from AES anmples.

Tablo 1 showa tho elastolytio and genoral protcolytic activities
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Table 2 gives the results obtalned with the enxyme fractions
Indeed ahowing esterolytlo activities.

The following engyme fractions are completely devesd of suy
eterolytie activity on the substrates tsed elastoprotcinase the
elastomucases Em I and Em-8 the *od buffer fractiony, the last
baffer fractions, and the 0 03 31 \aCl frastions prepared from erode
AES samples. The Table show that the 0 03 M NaCl and especlally
the 010 3 N\aCl fractiona folated from crude AEL samples are
olli contamined with lipase (sctivity on p-naphtyllsurate in the
presence of tawrocholate) whereas the 0 10 X NaQl fraction from
crede AES sanples mey be sonstdered to be freo of lipase Table 3
nommarizes the dats concerning the effect of NaCl and some
organio substances on the esterolytle activity of the 01 X NaCl
fraction from AES.

Tamen 3

Efrct of 2oms orpenic compeunds and \ el on (s eserolpiic actimly f the
81 U NalY fraction oiwnd from crwds  elasiam  preparation AES weing
# sdereies Tuxen 20 and novmed Acwan seriom (aetinly erpressed n apny

Jatty ok rebemsed from 1 md symtemfmy ez )

sctivity (s peresntagn of control} on

4
resgent added 1% Tmm(+a%n1‘bmn!n){ bhuman serum

pH T2 PRAT | pHTS I P87

parm " 1
A gl ryvem) - % % ! i
e " .
(10 mM m eyatern) % - -
Protamne t
».
F-”mc‘mlrr-um) ne, oy, | oy 7y,
1% m symem) 1080 !
1 -
o e " )
-
x:: = aystem) 1199, 06 sy %

(1M in eyntem) ' 2o

-4

d

]
®
Ed
e
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of nll theso cluted enzyme fraotiona and thelr activation aetivities
on tho clastolysia by clastoproteinaso (io thelr synergistio effect
on the netrvity of clastoproteinnso) Tho moat striling resulls are
those obtalned wath tho 01 M NaCl fractions, Whereas those
enzyme fractions have a low synergistio cffect on the activity of
clastoproteinano when alkali treated clastin is used s substrate
they greatly enhance the aetivity of clastoproteinase on acd-treated
clastin (at Loth pH 87 and 7 %) although hero too thelr own
clastolytic notivity is very small (lysis of lipid like material is
dissuesed in tho next sections)

2.3 ANALYTICAL METTODS

The clastolytio activity of the cnzymes and their synerglstic effect
on tho aotivity of clastoproteinase was determined by mcthods
routinely used in thislaboratory (LoEvry 1900 1903a) Thomethods
used for the determnation of lipolytic activity on tho elaatin samphes
will bo described in the relevant seetions of the experimental part
of this paper Bince tho osterolytio activities of the cnxymed on
other substrates wero determined by standard methods, only &
reference to the original deseription of the methods will be given
in the corresponding table

3 EAPERIMENTAL PART

31 ESTEROLYTIC ACTIVITIEA OF \ ARIOUS ENZVME FRACTIONS WITT
RESTECT TO VARIOUS DIFFERFNT SUDNSTRATES (LXOLUDING
LLASTIN)

The esterolytic notivity of the enzymo fractions isolated frol::
crude AFT and AKS samples by tho column chromatograph
techniquo described in Bection 22, (seo Fig 1) was tested on;
scrica of mubstrates and compared to the aotivity of pancreat
lipaso 3)

5 A commcreial lipas prepartion from Merck 4 G was uacd boowurs
t) is preperation fa loveid of any protein ban 1in the paper olrctropl’l‘fmﬂﬂf‘"‘d
cxerpt for very peonounced immobile prot in material on themlmd -
applieation Bovernl other lipaso preparationa investigated wero fm’ b

bo contaminated with clther clastoproteinase or clastomucases or ¥
clastaso component (o g llpass from tho Nutritional Tiochemicah Corp-

and from Calblochem.)
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ibmdkimtaxhtm}yl}ulodlﬂ‘mbstrwnlhomﬂonuf
Mmﬁmmwmma{‘ﬂpﬂ‘ bot that
treatment of elaxtin with the el EnS ( ding to
the Hangurlan workers and the Leoeds ressarch group elsstolipo-
rotelnase) gave the Jowest values for the dichromate eonmsnmption
at both pH valuss Investigated (8.7 and 7 2) although this enzyme
hdne-rlymmpletdyralaxdthcmrbohydntemuiﬂymtind
Kali treated elaxtin when ouly 6-10%, of the substrate wassolubilived.
fine an enryms fraction has now been holsted wath lipolytie
sctivity and with activity on elastin namely the 0.1 Al NaCl
frictioms, the experiments on the dichromate consamption of
exlaroform-methanol extracts of elastolyxates were repeated on o
waller scale Table 4 ghves the results of this investigation from
which It must be conclnded that trestment of elastin with the
01 3 Dl Graction fodeed results in o moch higher dichromate
wemmption  With  allall-treated elastin as substrate  the
coneumiption e about twioo and with acid-treated elastin three
times higher thap when elastin v incobated with the other
components of the elastass complex. Here too, Em-8 gives the
Toweet valos for the dichromate consumption.

33 Lirip SOLUBILITY AXD LIMID™ CONTEST OF ELASTOLYIATES
ONTAINED FROM ACID-TREATED YIASTIY AND CALY AORTA
Althongh i has been demonstrated in tha preceding section (3.2)
that ernde clastase preparation tdeed contain an enxyme feaction
that releascs higher amoonts of unseturated [ipid-like matecial
from elastin than other companents of the elaxtsss complex, the
Pomibility stifl exists that most of the Lipid™ material pressot
f elantin hes & saturated cherscter If this i true the Bragdon
method gives only partial information aboat the content of lipsd
Waterisl This mtans that the grevimetris roethod
ume:r(lMs)mnnbnn’cd.uduwbyBumdeAwum)
hmmn@mhmmammd-mdmm
nd elutomacoprotelnase (probable identical with oar Em-8)
b:;a:tpﬁ’-twnyufmwpundu&mm

L]
wufiwnrbmmymno{ﬂmem.nmmplum
The

enzymes wers amayed fi
(Borato boffee yed for aetivity in 10 ml total volume

af pH T2) by the gravimetriy metbod, weing n
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32 RELEASE OF LIPID-LIRL MATERIAL FROM ELASTIY MiMTLER
DETEMINED DY THE BRAGDOX METHOD

In a previous study (LoEVEN 1065b) tho relcaso of mnsaturated
lipid like material from alkal: treated and acid treated clastin
during the incubation with the componcnts of tho clastase complex
was mensured by determining the dichromate consumption of the
clastolyzatea according to Braopon {1051) Tho clastolyzates were
Iyophilized and extracted with a mixture of chloroform and dry
methanol (3 1) In this extract tho consumption of dichromate
was measured and expreased as mg dichromate redueed by one
mg of the original amount of dissolved material It appeared that

TanLn 4
Release of Liprd-like materral from 400 mg clastin after tnewbation ot pl 1~
stk varions entymes of the elastase complex The releare (s meoawred 1

chloroform methanol extracts of the clastolymtes by the method of Braapo¥
(1951} and expressed as myg dichromate consumed per mg dissoleed awbatrate

aliaali treated elastin ) ackl-treated elentin
enxyToe

enx; cone dichromate mg dichrotate
me m mg dlhnl\‘t-d consumption | diweolved conmmyption

sulstrato | in mg/mg | sulbwtrate | in mgfmg

00)141' 58

Em8 l 05 08 | 47 137 38
[
20d fraction 05 &0 L_?i* 1-0 61
R,

01 NaCl

fraotion from 10 i 136 7 181

AES (prep. 1) 2.0 44 03 53 1.0

013 NaCl

fraction from 10 44 1.3 - -

AES (prep. 11) 2.0 64 10.5 47 149

0131 NaCl 06

frastion from 0.5 8.6 10.8 4 1
8.8 8 1.9

AEL 10 10e
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theer did not exist only little difference betwoen the actlon of
theso croymes with respect to the release of “lipids  but that
treatment of elastin with the el Em-8 (sccording to
the Hungaran workers snd the Leeda research group elastolpo-
[roteinase) gave the lowest valnes for the dichromate consumpiion
at both pH values investigated (8 7 and .2) although this enzyme
badrearly completelyreleased the curbohydrate molety present in al
Talitreated elastin when only 8-10 4, of the subatrate was solabilized
Binoe an euzyms fraction hus now been isolated with lipolytio
acthity and with activity on elestin, namely the 01 Al XeC
fractions, the experiments on the dichromate comsumption of
chloroform-methanol axtracts of elastalyxstes were repeated on
smfler seale Tuble & gives the results of this investigation rom
whkh B must be eoncluded that treatment of elastin with the
81 M MU fraction indeed resuits In & muth higher dichromates
cosomption.  With alall-treated elastin as substrate the
conmption ts ebout twice and with wekd eated elastin three
times Iigher than when elastin is incubated with the other
components of the efastase complex. Here too Em-8 gives the
Jowest valne for the dichromate consamptlon.

33, Lrmp s0rommary 4YD ‘LMD CONTENT OF ELASTOLYELATEN
OFTAINED YROM ACTD-TREATED ELASTIN AXND OALY AOBTA
Although it has been demonstrated in the preesding section (3.2)
that erude elustase preparation Indeed contsin an enxyme fraction
that releases higher amounts of uneeturated Upid Iko material
h%&mc&hdmmﬂdmeehﬂmmﬂn the
Poulbility stifl axivta that most of the lipid material present
&2 clatin bas & satorated charaster If this bs troe the Bragdan

MMWthuﬂnmmnggnﬂmMmﬂhod
:!rmmwmmbemd,udmbynummdBu.c(wez)
“dﬁ*-h‘ investigation fto the mods of action of elastoproteinase
Py (probable identical with our Em-S).
e o‘:zmhydu‘;mhy of the elastolyrates of ealf sorts powder
Tarions of the
T enxymes claxtase complex was
FIEymes were assyed for activity in 10 ml total yohme
(Bmtahmru(pﬁu)bymegnvmn-bmthod,udng.
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32 RELEASE OF LIPID-LIKD MATERIAL TROM ELASTIN SAXTLES
DLCTERMINTD B THE BRAGDON METIHOD

In a provious study (LoeveEx 1005D) tho releaso of unsatmrated
Iipid liko material from alkali treated and acld treated elastin
during the incubation with the components of the clastase complex
was measured by determining tho dichromate consumption of the
clastolyzatea according to Braapox (1901} The clastolyzates were
Iyophilized and extrncted with a mixture of chloroform and dry
methanol (3 1) In this extract the consumption of drchromate
was micasured and expreased as mg dichromate redueed by one
mg of the onginal amount of dsolved material It appeared that

Tante 4
Peleass of liprd-lite matenal Jrom 400 mg elastin aficr tncubation of pll
with rarious enzymes of the clartase compler The relcase 1a weanred
chloroform methanol extracts of the clastoly=ates by the mcthod of Briapoy
(1951) and cxpresacd as mg dichromate consumed per my dimolred swbetrate

alkali treated clostin actd treated elastin

enzyme
cneyT™o cono g dichromato mg d _hrvmn'h
jomg dissolved fon | diwatved
substrato | in mgimg | substrate | i mgfmg
olwapm:exnm) 01 ( 14 6o } M1 | &8
Em1 J 0.2 J 17 71 s |
EmS8 05 ] o8 o [ 187
2nd fenction 05 ‘ 890 | 0.5 1.0
01M NaQl |
fraction from 10 ' -7 "
AES (prep. I} -0 i1 53
0131 NaQl
fraction from 10 44 —_
AES (prep. 11) 0 64 47
011 NaCl [
fraction from 0.5 50 44 b
AFT 10 186, 82 H
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ﬁu\d;dmiuﬂonlyﬂtﬂadiﬂ'mmwbetmntbemhnof
these epxymes with respost to the relewws of "lipdds’ but that
treatment of elsatin with the elastomucase Em-8 (according to
the Himgarian workers and the Leeds research group elastollpo-
proteinase) given the bowest values for the dichromate consumption
2t both pH values investigated (8 7 and 7.2) althongh this enxyme
Ladreasly complstelyreleased the carbohydrate molety present inal
Ialitrested elastin when only 8-10% of tho substrate wassolubilied.
Since an enayroe fraction has now been isalated with lpolytio
sitivity and with activity on clastin namely the 01 M NaCl
fractlons, the experiments on the dichromsts consumption of
chloroform methanol extracte of elastolyzates were repeated on &
smaller scale. Tuble 4 gives the rewults of this investigation from
wtich i must be concluded that treatment of elastin with the
€1 3 KaQl fraction indeed results lo & mueh bigher dlchromate
tommption, With afkail4reated elastin as substrate  the
cxmumption {a about twioe apd with acd treated clastin thres
times higher than when elastin iy oubated with the other
coponents of the elastass complex. Here too Em-8 gives the
Jowest value for the dichromate consumption.

33 Larm soLUBILIFY YD ‘LIFID COXTENT OF ELASTOLYLATES
OFTAINED FRON ACTD-TREATED ELANTIN AND QALY AORTA
Althoogh 1t has been demonatrated in the preceding section (3 2)
that eruds elastase preparatron indced oovtain an enxyms fraction
that releases higher amounts of unsaturated lpkd-ike materal
ﬁ““lhththmoth«wmmua{tbemmmphxm
pomibility atiil exists that most of the lped™ material present
i ehaiin bas » saturated charnoter If this is troe the Bragdon
Wmmwywwmm.m&mmww
:“MMMQMM gravimetrio method
hﬁrmr(ms)mmbom as dono by Baxca and Bazé (1049
%mwﬂonlnmihnmodeofldbnufehuqm

ad st 1 (probable identieal with gur Fom
m”ﬁdmlumnydmdwdywudmfmw'f:
MWﬁbythavirbmmymoftb.duhnmmp\exm

mm’mmmytdfarleﬂﬂtyjnm
m&nmhﬁuﬁpﬁ7!)by&ommmm
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substrate concentration of 200 mg aorta powder por 10 ml The
olastolyzates were lyophilized and extrooted with a mixture of
ochloroform methanol (2 1) The total amount of material present
in thislipid solvent was determined by the 8perry method withont
using the purifieation steps The results preacnted in Table 8 (3rd
and 4th column) show that all the clastolyzates have a high lipld
solubility Indopendent of tho kind of enzymo used the pereentage
of total clastolyzato extractablo with the ohloroform methanol
mixture vary between very narrow limits When however the
purification method of Sperry wan used afterwards, great differences
were found in the quantities of the lipid-soluble material depending
on whether elastoproteinase or the elastomucascs or tho 0 131 NaCI
fraotions were applicd

TanLe 8
Lipid solubility anl Lpul” content of elastolymies obdained from 00wy calf
aorta by rartous ersymes of the elasase compler ot pll 7o

chloroform-methano! extroet

T ol S
‘;)"‘_:;{'0 Voforo Sperry purtilo, | after 8porry purfe.
enEyme lin mg mg oftotal| mg aftotal
dey woltht) gry weight| cleste  |dry weight| elastor
‘ lyzato Iyzate
clastoproteinaso l
(0 .5 mg) 503 210 7 23 4
Em 1(05 mg) 407 131 3 39 10
Fm 8 (1 mg) 91 101 35 8B 9
005 3 NaCl fr /
AEB( mg) ' 807 154 20 41 8
01 AL NaQ) fr/
AKES (2 mpg) 30 1.3 30 84 -3
01 M NaClfr/
AFT( mg) 8.8 1*3 L1 71 n

Em-8 and tho 01 M NaCl fractions lysc out 8 to 7 times more
lipid-solublo material than clastoproteinase while Fm I and the
0056 M NaCl fruction (partially donatured Fm-S) gives o much
lower pereontago of oxtractod matorinl These valucs aro corrospo
ont closcly to thoso given by Baxaa nnd Baro (196%) Tho only
discropancy lies In tho fact that whereas theso authors roported



ar T Liy

Tamix &
il qﬂ'mq/wmwﬁmm"
uﬂﬂmurnwwﬂ“‘m“"“"u""

ehloroform mathenol extract
dantd-
drled
lrmats = “hpkd™
encyme Pl axtrach peotetn.

total &y % oftotsl contentin contentin
aeghtl e T ot frwt %, 1 deed
mg Iyzate axtract extract

%
¢
4
:
2

25 mg)
Eol (0.5 mg) 20,6 1n3 €0 5 23
Yod (1 g 87 53 100 “ 5
2053 Kol 85/
g 181 . 5 n 1
€N Kl £
o) 74 72 07 3 a3
&1 K NeQ frd
g w4 X " " 2

that aboat 70 per coat of the elastolyxates of eslf aorts dissolved
n the lipdd sclvent, we found about half of this parcentage. A
pomibles explanation may be that they conoentrated the elsatolyzatea
10 10 per cent of thelr originsl volume before the extraction
Provedare and wo completely drisd the elastolyzates (in thia way
atready freeing the lipad scluble material from Joowely -bound protein).

Table & gives the rewnlts of an anslogouz experiment done with
400 mg acid-treated clastin as substrate. Since wo agree with the
Viongarlan workers that it bs not coly very dificukt to remove
all the lipid-scluble protein from the lipid fractien by Specry's
method of purification bah furthetmare s constderable loss of the
“lipid” hes been obwerved fn soms eases, the purification step
was entirely omitted.

Thus, we determined in the chloroform-methanol extrsct the

smount of Iipd-actible protein (Lowax method, 1951) The Tabls
thows that wheress In the case af elastoprotetnase Em L, and the
o.osuh-uﬁ-cumumwmmzunhawmdwdm
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substrate concentration of 200 mg aorta powder per 10 ml The
clastolyzates wero Iyophilized and extracted with a mixturo of
chloroform methanol (2 1) The total amount of material prosent
inthis ipid solvent was determined by the Sperry method without
using the purification stops The results presented in Table & (3nd
and 4th column) show that all thoe clastolyzatea have a high hpid
eolubility Independent of the hind of enzyme used the pereentago
of total clastolyzate extractablo with the chloroform methanol
mixture vary between very narrow himits, When howover the
purifleation method of Sporry wan uacd afterwards, great differences
were found 1n the quantitica of the lipid-soluble material dependmg
on whether elastoproteinaso or the clastomueascs or the 0 1 3 Nal
fractions were applied
TanLt 8
Lapid 2ol bil ty and  lprd conlent of elastoly=ates oblaned from 00 mg calf
aorfa by rarous ensymer of the elanase complex at pll T2

chloroform mothanol cxtract

‘,’]“m boforo Bperry pmifi, | nftee Bperry purifie
yrato il
enxyme (in mg ™ oftotal]  mg of total
dry welghit) gpy welght] clasto  |dry welght| clasto-
ly=ato Iyzate

clastoprotcinaso '

{0 8mpg) 56.3 20 a7 3 4

Em I (05 mg) 407 131 32 39 10

Fm-8 (1 mg) 01 101 a3 8.5 2

005 M NaCl fr /

AES (- mg) 207 154 20 41 8

01 M NaClfr/

AES ( mgj a3e 2. 34 a4 25

01 M NaCl fr/

AEI( mg) 08 13 3 77 21

Em-8 and the 01 A NaCl fenotions Iyso out 5 to 7 tinies moro
lipid-moluble matorinl than olastoproteinaso whilo Em I and the
005 M NaCl fraction (partially denatured Em-8) gives & much
Jowor percontagoe of extracted mntorial Theso valuos nmcon’eﬂpﬂﬂl
ont closcly to thoso given by Baxoa and Baro (1062) The Uﬂm.;
discropanoy lies in tho fact that whoreas theso authors report
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Tanrs &
bty comteni 8f clasolywsis olainsd frem 400 my
ﬁauﬁ“ﬁmﬁww—vmmm“ﬁ’*

chloroform-methenal axtract
protelc “lpd
eoryoe axtrect o
IBmE | aldry %oltotal oomtentln soutentin
i i weight in  clesto- % of dried % af driad
‘ mg Iyxate extract  extract
dastoprotoloass  46.9 100 ’ “ ” 3
1 mp)
BT (05 mg) 208 113 L 13 E
Fn8 (1 mg) [%4 .11 100 4 1]
(119 8L V-5
AES (2 mg) 181 (%) 58 L 7
01 M ¥afd b}
mp 74 72 L 15 (43
01 M KaX tr/
AMI Qoog) we [¥] L) 5 P

that about 70 per eent of the elaxiolyzates of calf aorta dissolvred
f the Updd solvent, we found abont hualf of this persentage. A
pomible explanation may ba that they concentrated the elastolyretes
t0 10 per cont of their ociginel volume before the extrastion
Procedure and we complstely dried the elsstolyzates (in this way
alresdy freeing thelipsd soinble materis! from loosely-bound protein).

Tshle 8 gives the resnlts af an analogous experiment dons with
400 mog acid treatsd elestin as substrate. Sines we agres with ths
Hungarian workers that It is pot only very dificult to remove
all the lipid-soluble protetn from the lipid fraction by Sperry’s
mrthod of purification bat furthermore a considersbls lows of the

“Hpid  has been obeerved In some cases, the purification step
¥ entively omitted.
Thms, we d d in the ehlorof

m-mstbanol extract the
thdmmdohfdyn!a(pnﬂmtﬂnﬂy)lndﬂm
amount of Lipidsotuble protein (Lowny metkod, 1951} The Tabls
thows that whereas in the cese of elastoprotetnase Em 1, snd the
&MMN-G&M“!OWW@CM%WIW&
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could bo takon up in tho kpld-solvent nearly 1009, was lipd
mluble when clastin was incubated with clther EmS or the
01 M Na0l fruction from erudo AES samplos. Tho fact that the
clastin proteln is also highly soluble in a chloroform methanol
mixturo is olcarly demonstrated by column 5 of this Tablo, Wherras
with the Bragdon mothod as discussod in the preceding section,
only the 0 1 3 NaCl fractions woro found to have a higher activity
in [iberating lipid llho materinl from elastin than clastoproteinaso
and tho clastomucascs tho results of the cxporiments summarked
In Tablea 5 and 8 argue in favour of tho opinion that clastomucass
Em-8 too is ablo to romovo lipid liko material from purified
clastin and aorta powder

4. DISCUSSION

The conoopts that clastin is partinlly lipoprotein in nature and
that one of tho components of the clastaso complex has lipolytle
activity has not only been roported by tho research groups in
Budapest and Leeds but has also beon affirmod by several other
authors

Already Laxsing and co-workers (10562 1053) showoed that during
clastolyais lipid like materinl was released from olastio fibros tn the
form of droplots stainablo with sudan dyes (as scon under tho
microscopo) This lipid fractlon makes up a moro 0 5% of the
clastin protefn (LaBELLA 1957) and has s sphingomyulin character
(Lawsvg  1054) Later the hotorogoneity of the lipid-solublo
materlal wos studied

Whereas Lanxrra (1961 1003) showed that the yollow plgment
n olnstin powder conswts of non-extractablo plasmalogen un
saturated fatty acid and polyphenolic substanocs, SNex and FARDS
(1902) statod that tho sourco of both tho pigmentation and tho
fluoreaconco obsorved 1n purificd clastin s sutoxidhed lpid.
KXrxnrx and Kurowax (1057) also suggestod that more than ono
non porphyrin pigment is presont In elastin somo of them bofng
fluorescont and many of them showing propertics indlcative of the
presenco of oxidixed lipid A number of ether-solublo substancos
consisting of fluorescont compounds of Lpid ohn)ruotcr havo been

ted from clastolyxates by Loousyee (1601
MT‘he fact that boytl:.lipidyand polysascharido aro intimatoly
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wsociated with the elastic fibres and probebly form an esential
pﬁorthnehnhmmmd:mmudhnrbmnyl
Wairtorp ¢ ol {1961) showed that during elastolysls of
Egamentum nmuchas the fuoreseent materis) remsined bound to
the clastase-reststant, soluble elastin protein moisty Further
Lanxrrg (1081 198%) found that a trchloro-soetio acld-msoluble
faction 5 amociated with the yellow plgment, by Behiff poattire
nd remaing non-dialyzable throughout, as akso ahown by Waryozo
©sd owockers When extracting human morts powder with
chloroform methanol and afterwards hydrolyxing the residue with
kydrochloclo atd, Birramxe ¢ ol (1950) still found a few mg of
lipids In u petrolemm other extract of this HC hydrolyrate
eooaisting mainly of fatty acida.

Theas kinds of lipid like material, which are not part of sams
wnextracted liphd in erdinary lipapeotein combination but structural
components of the elastlo tleme might represent & mechaniam of
interchain cross-linkage (18 wiro ‘tanning’) and would ecoount
for ths extrems stabllity of elastin. This would make ensymio
reactions necessary to break these cross-linkages in elastie timue.
Baras (1961 1862) Hars (1084) and Saxn (1961) have shown
{bat the simuk o of both elastoproteinass and that
they ealled elastomueoproteinane o E; reaults not only in grester
solubilzation of elastin protein but at the sme time in & greater
wlease of polysaccharide and lipid material than when cnly
elastoproteinase fs used. Haws (1063) stated that although E; s
o lipodytio enxyme 1t also brings about the releass of polysascharide
m&tu&bnm\xtm,mhb!ybythnﬁdgnoﬂl;ﬂdhnﬂug
i 10 the protein eore of the fiber. Baxoa and Bard (1083) alo
“upeeted that elastin protein -+ mucopolysaceharide 4 Lpdd form »
#ingls eomplex moleculo (s mucalipopeotein), the kpecific sub

mm—

of elast

In general, tho results of the experiments described fn this paper
Shﬂlommp'pnﬂtothhhypoﬂulh.;hmeleluﬁmdﬁdmly
MMEm-S(nndmtmnchle-degmlhoEmI)relun
A lipidaolublo mofety from calf sorts and ackd-reated elastin,
This “lipkd must have s mainly saturated character since pa
M}bﬂdhhromnewmumplbnmmnmredwiththaBngdm
method than with elastoproteinsse {see Table 4) The fact that
hmmmuofpommhmdembommdmm
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could bo taken up m the lipid-solvent nearly 100% was Lipid
solublo when elastin was inoubated with cither Em.8 or the
01 3 NaCl fraction from erude AES samples. Tho fact that the
clastin protein is also highly solublo in o chloroform methanol
mixtare is clearly demonstrated by column 5 of this Table, Whereas
with tho Bragdon method as discussed in the preceding section
only the 0 1 Al NaCl fractions wero found to have 8 higher activity
in liberating lipid liko materinl from elastmn than elastoprotetnase
and the clastomucases tho results of the experhments summarized
in Tables 5 and 6 argno in favour of the opmion that clastomucase
Em-8 too is ablo to remove Iipid like material from punfied
elastin and sorts powder

4. DISCUSSION

The concepta that elastin is partially Lpoproteln in nature and
that one of the components of the elastaso complex has lipolytio
activity has not only been roported by tho research groups in
Budapest and Lecds but has also been affirmed by several other
authora,

Alrcady LuNema and co-workers (1052 1053) showed that during
elastolysis hipid liko matenial was released from clastio fibres in the
form of droplets stmnable with sudan dyes (as scen under the
microscope) This lipid fraction makes up o moro 0 5% of the
clastin protein (LABELLA, 1057) and has & sphingomyclin character
(Lawamxg  1934) Later tho hetcrogeneity of the lipid-soluble

matenal wos studied
YWhereas LABELLA (1001 1002) showed that the yellow pigment

\! un
in clastin powder consists of non-cxtractable plasmalogen
saturated fatty acid, and polyphenolio substances, Smeex and Farns
(1062) stated that tho sourco of both the pigmentation and the
finoresoenco observed in punficd clastin is sutoxidized lipid.
harEALA and Kuroxzr (1057) also suggested that n}o:’; thul;ct;\;
non porphyrin pigment fa present in elastin somo of them
fluorescent and many of them showing properties indleattro of tho
presenco of oxidized Hipid A number of cther-soluble substances
consisting of fluorescont componnds of lipid character bave been
{solated from elastolyzates by LooneyeR (1001)

The fact that both lipid and polysaccharide aro intunately
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amociated with the elastio fibres and probably form an essential
part of the elastie structurs was demomstrated in various waye
Wirrozp o of (1061) showed thst doring elastolysis of
lig nuechas the f t soaterial rematned bound to
the elastase-resmstant moluble clasiin protein molety Farther
Lasxig (1061, 1962) found that s trichtoro-acetie acid-insoluble
fraction is asociated with the yellow pigment Is Schuff-poaitive,

hydrochlorlo ackd, BoTramze o o (1050) still found & fow mg of
Lpids in s petroleum ether axtract of this HC3-hydrolyzate,
conxisting mamly of fatty acids,

Theso kinds of lpld-dke materisl, which are not part of some
wextrected lipdd m ordinary Hpopeotein combination but etrastural
eamponents of the elastio tissuo might represent s mechanian of
hnterchain croms-linkage (i tivo ‘tanning™) and would account
for the axirerse stability of elastin This wonld make enxymio
reactions necemsary to bresk thess crom-linkeges in elastic tissue.
Baxaa (1961 1962) Hawy (1084) and Baxz (1961) have shown
that the ): of both elastoprotei and that
Abey ralled elastormmeoproteinase or B results not only in greater
solnbitization of elastm proteln but at the sams tims in & greater
Teleaso of polymaccharide and liphd mateciel than when only
elastoprotemase do weed HALL (1082) stated that althongh B f
& lipolytie enxyme it slso brings about the releass of polymocharide
Eto the reaction mixture probably by the fision of lipid linking
hwthnptotdnmoftboﬁmBuunndBM(lDﬂ)nho
wogpested that elastn peotein + mucopalymocharide + Updd form s
single complex moleonls (s mucolipoprotein) the spevifie substrate
of elastomucoprotetnase.

In general !humnluufﬂlacrpeﬁmcntldauﬂbedfnthkplpﬂ
E*Nmmemppcrttothhbypcthnh,nlannbluBmddnlmly
lhcwthnEm-S(mdm.mmhla-depmlhoEmI)mbu
Ahpﬂ-duuemdequuﬂmnmdldd&uted%
Thix “HpM  most have a maln]

y saturated eharaster since no
higher dichr pticn was d with the
rp@mm,mmmm(mﬁhbt).mmme

Amwnuu{pokynoeh:ﬁennbanlmuddming&a
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could bo tahen up m tho lipid-solvent nearly 100%, was lipid
soluble when clastin was Incubated with cither Em-§ or the
01 M NaCl frastion from crudo AES samples. The fact that tho
clastin protoin is also lughly solublo in a chlorofarm methanol
muxturo is clearly domonstrated by column 5 of this Table Whereas
with the Bragdon method as discusscd in the preceding scction
only tho 0 1 Al NaCl fractions were found to have n higher activity
in liborating hpid liko matorial from clastin than clastoproteinase
and the olastomueases tho results of the exporiments summarized
in Tables 5 and 6 arguo in favour of the opinion that clastomucase
Fm-8 too is ablo to removo lipid liko msterial from purified
olastin and aorta powder

4. DISCUSSION

The conoepta that elastin ia partially lipoprotein in nature and
thnt ono of the components of the clastase complex has lipolytio
activity has not only been reported by tho research groups in
Budapest and Leeds but has also been affirmed by soveral other
authars,

Already Laxwixa and co-trorkers (1952 1053) ahowed that during
olastolysis lipid liko material was released from clastic fibres in the
form of droplets stainablo with sudan dyes (as scen under tho
microscopo) This lipid fraction makes up o moro 05% of the
aolastin protein (LanELus 1657) and has a sphingomyelin character
(Lawsmta  1054) ILater tho leterogenaity of tho lipid-solublo
materlal was studled

Whereas LAngLLA (1001 1002) showed that the yellow pigment
in olastin powder consists of non-cxtractablo plaamalogen un-
snturated fatty aold and polyphenolio substanoos, Sovex and FAR:s
(1962) stated that the sourco of both the pigmentation and the
fluorcssenco observed in purified clastin is sutoxidized hpid.
hXREHLA and KuLoNex (1057) also suggested that moro than one
non porphyrin pigment s present in clastin somo of them being
fluorescent and many of them showing propertics indloativo of tho
presenco of oxidized lipid A number of cther-solublo mubstances
consisting of fluorescont compounds of lipid character havo been
isolatod from clastolyzates by Looyzyrr (1981)

Tho fact that both lipid and polysaccharide aro intimately
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smoclated with the elastio flirw snd probebly form an ementlal
Mdmmmmm@mﬂdmmnym
Wauroxo s ol (1981) ehowed that during clastolyvia of
[ nuckas the fl t material remained bound to
the elastasocemstant soluble elastin protein molety Further
Luvrerzs (1981 198.) found that a trichluro-soetis acid macinble
fraction }s awocisted with the yellow pigment, 1s Schiff-posttive,
40d remaing pon-dialyzable throughout, as also shown by Walrorp
exd covorbers When extrseting human aorts powder with
chloroform methanol and afterwards hydrolyging the residue with
kydrochlorto scid, BOTromen ¢ al. (1859) atill found o few mg of
Lpids tn s petroleum ether extract of this H(Ihydrolymato,
conxdsting malnty of fatty acds.

These kinds of Hpid-Hike materisl, which are not part of some
unextracted lipld tn ordtuary Hpoprotein combination but structural
eamponents of the elastio timue might repreeent s mechanim of
futerchain cromslinkage {ia oo “tsaning”) and would account
for the extreme stability of elastin. This would make enzymio
Teactions neccmary to broak thess oross-linkeges in elastic tisens,
Bixas (19681 1¢82) Harr (1964) and Baxv (1961) heve shown
that the simal = of both elastoproteinass and that
they cafled elastommeoproteinaso or Ey rewults not enly in greater
wlubilnation of elastin protewn but at the samo time in & grester
rlease of polyssccharsds and lipsd material than when ouly
elastoproteinsse fo used, HaLL (1982) atated that although By i
ipalytio enzyme, it alao brings about the releass of polyraocharide
Into the reaction mixtare probably by the fismon of Lipid

it to the protein core of the fibee. Baxus end Bard (196%) ulso

-

of elastomueoproteinase

hm&smd&enpfmmudacﬂbodhthhpqxr
7% some support to this hypothests, stnoe Tables § and 6
Mm&mﬁ(;wtn.mmhdwmhnrﬂm
l%-lu!n&:lomdﬂy{mmml{lm’t&lndlddh’uwdduﬁn.
This lﬁxﬁ mast have a mainly saturated character since no
higher e ption was < with the Bregdon
Ww with elastoproteinase (sco Table 4) The fact that
smounts of poiymaccharide can be released durng the
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could be taken up in tho lipid-solvent nearly 1009 was Upid
soluble when clastin was incubated with elther Em-S or the
01 M NaCl fraction from erudo AES samplos. The fact that the
clastin protein is also highly solublo in a chloroform methanol
mixture is clearly damonstrated by eolumn & of thia Table Whercas
with tho Bragdon method as disoussed in tho preceding scotlon
only tho 0 1 M Na0l fractions wero found to havo o higher notinity
In liborating lipid like matorial from clastin than clastoproteinase
and the clastomucases tho results of tho experiments summarized
in Tablos 5 and 6 argue in favour of the opinion that clastomucass
Em-8 too is ablo to removo lipid like material from purified
clastin and aorta powder

4 DISCUSSION

Tho conoupts that clastm in partially lipoprotein jn nature and
that ono of tho components of the olastaso complox has lpolytlo
aotivity has not only been roported by tho research groups in
Budapest and Leeds but has also beon affirmed by soveral other
authora,

Already Lawara and co-trorkers (1052 1053) showed that during
clnstolyais lipld lke material was roleased from clastio fibres in the
form of droplota stainablo with sudan dyes (as scen under tho
microscapo) Thia lipkd fractlon makes up & moro 0 5% of tho
clastin protein (LABELLA, 1057) and hes o sphingomyelin character
(Lawstwo  1954) TLator the heterogonelty of the lipid-soluble
material was studied

Whereas Lanrura (1001 1088) showed that the yollow plgment
in clastin powder consists of non-extrsotablo plasmnlogon un
saturated fatty acid and polyphenolio substancos, SIFEX and Faris
(1062) statod that tho sourco of both the pigmentation and tho
fluorcsconco observed in purified clastin 13 nutoxidised liphd
Kirenia and Kuronsn (1057) also suggested that moro than ono
non porphyrin pigment is prosent 1n clastin somo of them being
flnoroscent and many of them showing propertios indicative of tho
presenco of oxidieed lipid A number of other-solublo substances
consisting of fluorescont compounds of lipid charnotor havo been
isolatod from clastolyzates by Loomeyss (1081)

Tho fact that both lipid and polysaccharide aro fntimately
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amochited with the elastle fikres and probebly form an eeentisl
Mefmaak:demmmdemm&dhvuhmnﬂ

Wicromp of al. (1981) showsd that during elsstalysis of
ligsmentum nuches the fluoroscent material remained bound to
the elastasorexistant, scluble elastin protein molety Further
Lusrria (1961 196 ) found that o trichloro-acetlo acid-nsoluble
frection 1 associated with the yellow pigment is Schlf-positive
and remains non-dialyzable throughoat, as also shown by Warrorp
exd coworbers When extracting human sorts powder with

Rydroshlorie acdd, Borroues o ol (1959) atlll found & faw mg of
Epids in a petrolenm ether extract of this H( hydrolyrate,
copabriing mainly of fatty acids.

Thee kinds of liptd-Hke matet], which are not part of some
wnextrasted lipdd in ordinary lipoprotein combinstion bt structural
components of the elastic timmue, might represent & mechanfam of
Interehain orom-linkage (1x meo “tanning’) and would aecount
Sor the extrrme stability of olastin. This would make enzymie
reactions neceesary to break theso cross-linkages i elastio tissue.
Basaa (1961 1082) Hars, (1864) and S4x% (1061) have shown
that the dmuitaneons presemos of both elastoproteinase and that
they called elastommeoproteinase or E; remults not only in grester
solabilization of elastin protein, but et the same time in & grester
telease of polymcoharide and lipid material than when caly
Sustoproteinass fa used Hari (198 ) stated thst although Ej fs
2 lipalytls enzyms, it also brings about the releass of polysaccharkde
{nto the Teaction mixtare, probably by the fission of lipid Jinking
hlothaprotdnmoftheﬂbro_BumlndB‘Lﬁ(lN!)llw
fagpested that elastin protein + mucopalyseccheride 4 Ipld form s
dngls complex moleenlo (a lipoprotein), the pecific sal

of elastomucoproteinase
lnlehnmnluquhuorpcﬁmmtldmdbodlnthhp.per
!"Niomen:ppontothhhypaﬂzrdl,dnceTlhlaﬂamiﬁdu.ﬂy
'-“““hﬂﬁn-B\mr\wnmuchlaudmnhoEmI)rdmn
A Imidacluble motety from oalf aorts and acd treated alagtin,
Thiz “lipig muxt hyve & malnly saturated charscter sincs no
Mﬂhﬂdk:hrumnoccmmmpﬂmmmm'ﬂhtha&lgdm
Wﬂodﬂnnwﬂhehlto}rutdnw(mTlhlet).TbaMu,“
‘l!x'lmounuofpolyuwhrldaanborehndduﬂn!un
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incubation of clastin with Fm T and Em-8 has boen complotely
confirmed by oxtensive experiments (LoEVEX 1805D)

Tho controversial point that the autliom mentloned above
ascribed a lipolytio charnoter to clastomucoproteinase or Ey whereas
both Em I and EmS aro completely dovold of any activity on
sorum and synthetio Tipld -substrates may be only apparent if
tho amumption is made that tho enzymo preparations used in
their experiments were contaminated with the 01 31 NaCl fraction
that indeed shows lipolyais townrds & serics of mubstrates and at
tho same time has synerghstio effect on the clastolytio activity of
clastoproteinase and releases a lipid-soluble moicty from calf aorta
nnd acid treated clastin

Two foots may support this assumption In tho first place
HaLn (1061) and 8axt (1057 1061 1006°) used the rather erudo
AES-cnzymo preparation from which the 0 I 3 NaCl fraction ean
bo isolated (sco tho Figs 1 and 2) To what extent the clastomuco-
proteinase preparation of Banaa and BaLS (160%) was contaminated
with this 01 M NaCl fraction is unknown smeo they separated
the components of the elastaso complex by means of a modified
atarch gel method of 8mithies Thereforo thero ia a real posbility
that tho scparation of clastomucoproteinaso and the 01 3 NaQl
fraction waa incomplote (the paper clectropherogram of the purified
clastomucoproteinase grven in their paper only shows tho enthodio
side of the paper strips)

Beeondly thoresults of tho experimonts of HALL (186 ) concerning
tho possible lipoprotein lipaso activity of erudo AES in which
Tween 20 was used ns substrato (without or in the presence of
scrum HNpoproteln fractions, hoparin and NaCl) are so cloacly
rolated to tho results of the oxperiments with the 01 M NaCl
fraction from AES (sco Table 3) that it scoms very likely that
this onxymo fraction was nlso presont in his erudo preparation

Thus, two enzyme frnotions can bo faolated from erudo  elastaso
proparations with such an activity on claatio tissuc that n both
cases hiptd-soluble molotics aro released Howover tho lysis of this
material in any caso ocours in different ways.

FiALz (1061) in discussing the experimenta of SAXL (1861 100%
and Yo and BLUMENTIAL (1058) suggested that the polyraccharides
aro attached to clastin through the lipoprotein components (= the
rmucolipoprotein complex of Baxaa and BAré 1002) and that the
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rdnnnfthaopo]y-adnrﬁubythomumlyﬂodﬂhmwmpmmh
nybedmtothodegnd.nuonufthahp’dmunyo{dnﬂnwﬂh
which the polysacehariden are esacisted. From the rexults of the
treestigations described in this and provious papers it seems more
attraeths to draw the conclusion that the reversal is true The
ocolytio elastase components (Em-8 and Em I} although both
of them aet by virtue of ¢ different unknown mechanbm primarfly
sttaek the polymsecharide part of this mucolipoprotein complex
in soch u way that the Iysed molety is liprd-solable whereas the
Hpolytically active 01 M NaCl fraction degrades the lipid part
of this complex, also resulting in the liberation of lipid-sclublo
material. This asumption mey explaln why in the latter case a
much higher dichromsts eowumption per mg elastolyzate wus
messured (seo Table 4) and why Havz, (1984) mentioned that during
the fimion of ester linkages, unesterified fatty acids are released
Into the elastolysates )

Ancther argument for the hypothesis that the reaction mechaniam
of elastolipoproteinase differa from that of the ¢lastomucsses is
found from an experiment shown in Fig. 3 In this cxperiment,
the enhancoment of the activity of elastoprotetuase on ackd trested
tlath was measured by adding to the resction mixture the
thatomuease Em I or Em-8 and the elastolipoproteinase If thess
enzymes act in the samio way we must expect & summation of
thelr synergistio effects, dince this effect fa rather proportional to
the entyme ooncentration and at low concentrations of elssto-
Broteinase only shghtly dependent of the concentration of this
eaxyme Howeve? we found that wheress st 005 mg elasto-
Protemuse 0.25 g Em I has an actfration actirity of 1 4%, snd

49 Th-mu!huy-cﬂ-mdumhanhmdybundmnbd
zﬂl&:nm {1841}, who woiated from strosturalty-boand. lipapeptida
vasn leetonio th
Posaible scld nith  chaln Jeugth of abont 13
TWhen the present sothor the fatty neid
?ﬁdum%wwdmmw
lemﬂmhmmdmmmlhxonma%
wmrmmn“yMM\mM(wh,

i varioos

oachas € 4343
aod-treated claatin or 2.4
Daktreated elastin Q- 14
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2 mg clastolipoprotoinaso of 25% tho clastolysts was fncreased
by 100%, when both enzymes were present in the reaction mixturo,
The same offcot was observed when Em-8 and tho clastolipo-
proteinnae woro added togother notivation activity of Em-S was
107% at 005 mg clastoprotcinase that of olasto)ipoproteinase
Sg:é/but the synergatio offect of Em-S+clastolipoproteinase was
o

- o

0 blenk - e plane
r—eee Em 1 Oisrg o—s Em 3 10my
——— OIM Nau"A 2mg. ot B1M (AEE&MI
z =t Em | +01H NeCl Ir ——t Em S+BIMNaQtr
i Q%
3

aos 010 015
mg  alestepiateiness

)
0 aos 010 215 -]
m¢ eostoproteiman
Fig 3

Tho nctivity of elastolipoprotelnns (present in tho 01 M NaCl fraction
from AES) on acid treated clastin at pII 7 whon tho reaction mixtare
also contalns clastoprotolnass and tho clastornucnas Em I or kmd

8o tho following recommendation with regard to tho nomen
olaturo of these enxyme fractions may be presented thatthoname ki
or clastomuessa not be changed fn olastolipoproteinaso na suggested
by HALL (1064) but that this namo o reserved for the p-globulin
liko enzymo fraotion present fn the 0 1 M NaCl fraction prepared
from orude AEI and AES

Tho dnta given in scotion 31 have olearly demonstrated that
theo lipolytio activity s not duo to a contamination of tho clastolipo-
proteinnao samplo with pancreatis lipase or nll-csterasce. This
conoluslon is supported by the following obscrvations

a. ovon o oonocntration of 10-13f cserino in tho systam docs

not inhibit the enzymo activity
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b, whits tamrocholate 5 an sctivator for Hpass this resgent
s pearly withont effect on the sotivity of the 01 Al Na(l fraction
when Toweeni 20 bo tted a8 & substrate The bils salt Na-deoxyeholate
enkances the emyme activity on Tween 20 st pH 7.2, but reacts
a1 aa inhibitor with serum as subsirste

e Jurrsow snd Brox (1985) reportsd that 1 A NaQl (or
NH{ or (NHhSOy) enhanced the aotivity of lipase, wheress in
onr cass 1 M Nl inhibits the activity of the 0 1 AL Na(l frasthon,
espeelally on serum.

Farther the thermolability shows that the presnce of pancreatio
Phospholipase A% can aleo be excluded. When an ensyme solution
was heated for § min at 75° 0, no activity was observed on human
serum at pH 8.7 and » greatly reduosd activity was found at pH 7 2
(8 residnal activity of abous 10-15%). While the presence of bile
wltx i required in the resstion mixture for a ressonable astivity
of phospholipase A (especislly sodium-deoxycholate) elastolipo-
proteinase can «ttack orolecithin to & certain extent fn the abeence
of deoxycholate and i alightly inhibitsd by this bils melt.
Phoapholipase A and parifisd lipass bave no activity against scid
treated elastin and do not enbanse the activity of elastoproteinase.
Already Apaws apd Bayrms (1983) repocted that elastass has
Troteolytds, muoolytio, and lipalytio activity agsinst elastio timne
(%0 & erods enzyme preparation was probably used) but that thesa

The followmg observations are in favour of & clase relstionship

between this elastohpoproteinase and the heparin lipoprotein
Tipase (L.P.L.) e

¢ LP.L ta present in the f-lipoprotein fraction of post-heparin
Phaums (eg Hoob o al., 1962) The elastalipoproteinuse also hay
& fglobulin charuster o).

b AsLPL uaupopm.,hmhbﬂodmdmm

W A A prepurstion wss leclated from Orgsnon pancreas
py hﬁhm&m&ddﬂmdi(lmmnmm
a-globalin ke protein prasent
munxxammummmnwdmﬂpﬂn‘:
'cﬁ'ityw et damin sud bebavee in e totelly Efferent way agabosd
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during the purifieation atop by means of column chromatography
(sco o.g Hary, 1904) and ngamst heat.

¢ DPotent L.P L. inhibitors are 1 3 NaCl protamine sulfato
heparin and bilo salts (sco eg Konx 1850 Rosnvsox 1083)
although tho inhibitory effect sometimes depends on tho kind of
substrate nacd and the concentration of tho reagent (Fropricrsox
et al 1003 hrssiEr ef ol 1083 Snonk ond Smors 1981) Very
similar data wore collested coneerning the inhibition of elastolipo-
profeinaso by theso reagents capecially with human scrom as
substrato (sco Tahlo 3) Hero too csermo does not Lehavo os an
mhibitory agent

d B Naphthyllnurate is not o substrato for erther L.PJ.
(BrOWX ¢ al 1063 1054) or clastolipoproteinase (sco Tablo 2)

o Both LP.L and clastolipoproteinase need the presence of
o fatty aod accoptor for suitable enzymo activity (o g Ca-salt or
albumin) When Tween 20 wos usod as substrato the activity of
clastohpoprotiinaso was cphanced by moro than 100% i 5%
bovino albumin was presont in the reaction mixturo {espocially at
pH 7 2) Tho addition of bovine albumin to a Twoen 20 solution
had almost no effoct on the activity of lipaso

f K=rx et al (1061) reported that somo stabilisers present in
human albumin proparations (c.g Na-coprylate) have an inhilutory
effoot on the activity of LPL  and AxprRvALL and Hoob (1057)
Hoob and ANaERVALL (1057) and HorLer and MExa (1957) showed
that normal homan plasma inhibits LD L activity On chromato-
graply inhibitory fractions wore wolated by Hoop et al (1062)
To investigato to what degreo albumin iphibits tho activity of
clastolipoproteinaso the csterolytio activity on hwman serum was
mensurod without and after tho addition of an cxocss of 5%
albwmin  Whereas bovine albumin did pot inhibit tho onzymio
aotivity a 5% solution of human albumin (Central Laboratory
of tho Notherlands Red Croas Organization) had an inhibitory
offoot of 60-80%, dopending on tho pH of the reastion mixture
A orude albumin preparation isolated from pooled human plasme
by means of a column chromatography techniquo (LOEVEN 1042)
showed a much weaker effcot  15-20% inhibitlon Thus it scems
that human blood contains an inhibitor probably present in the

albumin fraction
To summarizo the ooncluaion may bo dmawn that all theso
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observathin, although they atill do not permit any deduotions
about the total indentity of elastolipoproteinase and LP.L, are
inmyanugum:ntufnr-do-arehﬂomhjpb—tweenthmtw
un'ymlnthhwnnec&mnmyﬂmnmm’bﬁthaapeﬁmmu
of Baxz. (1957 196%) on the 1x ruiro doaring resction In connective
e of AES (together with pluma fglobulin and limited
eovcentration of sulphated polyseccharsdes) ber stedies 12 noo
of the fufluence of the injection of AES an the lipid metsbolinm
In the aorts of chicken receiving & eholesterol-enrrched diet (og
the hesty of elasthi lpoproteln) and the experiments of
Lorves {1084) on the therapeutical effcot of elastollpoproteinese
fnjected into cholesterol-fed rabbits (e.g rewulting in o transfor
mation of plams £ into adfpoprotein)

SUMMARY
The reiense of fipkd-dike matera) wes studied by Incubating acid-trested
waetin and calf aocts powder with variow enxymes of the elastase comrplex
Tadat 4 from equrnereial pencreas powsder by means of & eolimn ehToenato-

cprully the eleaiommnenss En-8 redcases Jerge amomm of Ipld-sotuble
Twierlal from  lestm
Bocoa cha
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during the purifieation stop by means of column chromatography
(sco og Harr 1064) and agamnet heat

o Potent LP L inhibitors are 1 M NaCl protamino sulfote
hoparin  and bile malts (sco cg Korw 1950 Robixsox 1083)
although tho inhibitory effect romctimes dopends on the kind of
subatrate used and the conoentration of the reagent (Frupricksox
etal 1003 KEsSLLk ¢ al 1963 Smonn and Smorw 1061) Very
mmilar dats were collested concerning tho inhibition of clastolipo-
proteinaso by theso reagents cspeclally with human serum as
substrato (sce Tablo 3) Ilero too cserino does not behovo as an
mhibitory agent

d  B-Nephthyllaurate is not a substrato for cither LP.I.
(BrOWX e al 1003 1854) or clastolipoproteinaso (scc Tablo ¢}

o Both L.P L. nnd clastolipoproteinaso need the presenco of
n fatty nold ncoeptor for muitablo enzyme notivity (o Ca-salt or
albumin} When Tween 20 wns uscd as substrate the notivity of
elantalipoprotelnase was cnhanced by moro than 100% i 8%
bovine albumin was present fn tho reaction mixturo (especially at
pH 72) The addition of bovino albumin to & Tween 20 solation
had almost no offect on tho nctivity of lipaso

f KenN et al (1061) reported that aomo stabilizers presont in
human albumin proparations (0 g Na-caprylate) havo an inhibitory
effeot on tho notivity of L P L. and Axarryvary and Hoob (1057)
Hoob and AxoBRVALL (1057) and HotLer and Moxa (1957) showed
that normal human plasma inhibits L.P L. aotivity On oliromato
graphy iohibitory frections were wolated by Hoop et ol (198%)
To investignto to what degreo albumin inhilits tho actinty of
clastolipoprotemnnse the esterolytio activity on human scrum was
moasurod without and aftor tho addition of on oxooss of 5%
albumin Whereas bovino albumin did not inhibit tho cnzymo
aotivity & 8% solution of human albumin (Central Laboratory
of tho Nothorlands Red Cross Organization) had an inhibltory
offoct of 50-80% dopending on the pH of tho reaction mixture.
A crudo albumin proparation isolated from pooled human plosme
by means of & column chromatography teohniquo (LORVEN 1082)
showed a much weaker offcot  16-20% inhibition Thus it scems
that human blood contains an inhibitor probably present in the

albumin fraction
To summarizo the concluson may bo drawn that all theso
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oheervations, althongh they still do pot permlt any dednetions
sbost the total indentity of elastolipoproteinase and LPL. are
in any case arguments for a close relationship between these two
entymes. In tfus cthon we ey slso ber the experiments
of Baxz, (1957 1962) on the ta wiro clearing reaction in connective
tavoe of AES (together with plasma f-globulin and ltmited

fon of sulp d poly ides) her studles tn mico
of the Infinencs of the injection of AES on tho lipld metabolim
3 the sorta of chicken tecelving & cholesterolenriched diet (g
the synthests of elastin lipoprotein) and the experiments of
LoEvEs {1064) on the therapentical effect of elustolipoprotetnase
injeeted into chalesterol fed rabbits (eg resulting in u tramsfor
mation of plasms - into a lipoprotein)

SUMMARY

The release of hphd-hks matemal was studied by incubating scid-treated
st and calf aocte powder with virions eoryrocs { the elastese cormplex
faolated from comrnercial pancreas powder by means of 8 column ehromato-
taphic tethniqoue.

Alborgh the muoolytro conponents of the elastas complex show no
aderolytic actrvity sguinet synthetto “Irpld”-schetrates wnd horman serum,
wpeeally the clustomocsss B8 releases barge amount  { Hpld-soluble
Ttenal from chastin.

Boce sharnsterwtics of another pancrwatio enryme which alao has lipolytic
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A Berkenbosch The amperometnc arygen determimation

Department of Physiok U ty of Laden

Equatloms are derived for the sensitivity the time eourse of
reepanse and the flow dependence of the membrane-covered Oy
dectrode These properties ars detormined by the cathods area
ind membaane characteristios such sa its diffusion coefficient
wolubllity coefficient and thicknesa.

The ideal electrode with largs senadtrvity short responss time
and negligible flow depend is impossible to achieve whils
Ealotatning the Clark eonstruction.

In order to realme particular electrode properties one has to
¢hoose the ares. of the platinum and the nature and thickness of
e membrane to be oeed Some compromiss solutions are given
fe the light of the membrane characteristion wo have determined.
The nee of high density low pressure polvthens aa & membrane
h 1o bs peeferred to that of the polypropylens fn common use
since the senaitivity of the elecirode can be approximately five
tmes o4 Iarge while the same flow dependence and response time
s maintained {enlarging of the platinum ares)

Ths wee of low denaity high pressurs polythens is recommended
1 order to oblain & very short resp trme. The diffas fHlok

of this material s greater than that of Teflon T.FE. #0 that the
Tesponss time s sharter

The time tn which 839 of the steady-state value s reached

with » beane of & thickness of ly 8 gl foumd
to be 016 see. o e

A J van Eiek 4 changs s the roeponse of the mouse in (ke

lesd
m-mlqeda owing to o ceatral action of afropine and

Aedicnl

Laborutory of the Natiomal Remarch
Organiztion TAO Rijnerj anl Dl
In the hot-plate

Analgesiy test according to Eddy a
ﬂmmhmwmﬁmnmm&am
mmtnifhlkﬂn;;fwthwmidaedwbeldgno!m
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analgesio offect of & drug During the study of tho cffveta of atroptno
sulphato with this method an unexpected lengthening of tho
latoncy period wna found Howover closo obscrvation of tho
behaviour of these animala revealed ovident signe of discomfott
but fnstead of showing tho usual reaction of licking a foot, the
mico respond by lifting a hind foot somowhat sidoways immediately
followed by ahort and very quick trembling of this leg and foot
Henceforth this phenomonon will bo oalled ‘leg trembling’ A
ecries of experiments with atropino sulphato was performed in
whioh the leg trembling was used as o criterion Tho latenoy periods
now obtaned wero not different from thoso of saline-injceted mico
with foot lickang as & eriterion Obviously atropine has no analgesfo
properties but it only changes the responss of the mouso to the
heat stimulus. This change in behavioural responso was also
obsorved after the injection of scopolamine = (Y bonactizing and
a fow other atropine-like drugs

In order to determino whother this effect of tho drugs is due to
ccntrnl or periphern] actions the cffestivences of quaternary salts
of atropino and soopolamine was also tested In addition both the
tortiary and quatornsry salta of the samo substances wers tested
for tholr mydnatic effeot It was fonnd that afior tho Injection
of tho quatctnary salts the reaction to tho heat stamulus was normal
(foot-licking) only after comparatively high doscs of scopolamine
mothylnitrste thoro was o chango in tho leg trembling reaction
Both the tertuary and tho quaternery salts caused mydriasis, but
the quaternary ones wero tho moro active

In o fow oxperimenta with LSD 25 morphino histamine cserino
and a fow othor substanoes not related to atropio, tho snomalatus
behoviour was not found

The oonclusion appeara to bo justified that atropine-like drugs
can csuso & changoe in the reaction from foot-licking into leg
trembling and that this effect i of eontrnl origmn If this Is 8o
the hot-plate analgesia teat can bo used with advantage for tho
study of tho central aotivity of atropine and related compournls

Tt is known that tho psychotropio offocts of JB-320 (Ditran)
can bo antagonized by THA (tetrahydroaminacrine) Prelininaly
experimenta indicato that THA is also ablo to antagonize the
chango in bohavioural reaotion on the hot-plato caused by atropine

like drugs.
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P J§ Gaillsrd Thyromlatoma asd done {n nifro
Department of Oell Brology and Hlology Usnirersity of Lesden
Amlﬁngthnbauehthnprhdpdﬁtouhcumofﬁﬁomldtmh
(TO), it methankm of actlon ls still unknown. Therefore it was
thought 10 be of interest to study the effect(s) of TU on sxplantod
s radms rodiments, which in previous experiments have ahown
tobe very senaitire and weful tarpet organs for parathyrotd hormone
(PTH) (Gamrsmp 1981) Cogsidering that TC and PTH may be
3 two types of experiments were petformed, namely with
TO alone and with wimpltancous administration of TC and PTH

It ks concluded that TO (0 001-0-0005 MRC-anits per radius and
e ml of cultyre medfum) is able to Influencs tho histological
derelopment of the embrywmio radil. In the courss of a 48-hoar
eaftiration period typieal highly basophylic osteoblasts inerensed
i mumber rather eonaiderably sopgesting that TC eanwed the
balnes betwean bone formation sud bone resorptlon to shift Into
ths direction of bone formation. From the histalogical observations
% W mygested that TC causod » depreesion of bone resorption
4 well a3 an increased formation of bone.

42 regards the combined edmivistration of PTE snd TC it
becams evident that in the presence of 0 0005 MRC-units of TG,
relatively high eoncentrations of PTE (1 and 0 1 YU{ml) continned
to aet, but that the astion of & lower doss (001 IU of PTE/ml)
M eampletely abollhed by the eimaltancous presenne of TC.
Thin finding impliss thst not only the effocts of PTE oa bome
tiewe proper but alwo those on cartilage and on the conneotivs tisna
&mhhﬁdom-mﬁdﬂnotmtﬁmﬂmadequuy
Thereforo Jt ja suggested that TC does not act caly an boos bat
o0 & variety of connective timues.

REFERENCE
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048 (1983} @ ’I“

© A @0 Groot and R Rijken Rhythkmic fuctuations s the

wcorbic acid comsen?
o ofbduqnandbntrinpuldopw.l

Department of FPharmacology Univernty of Lelden
Plﬂlﬂﬂma.ntndp!cubnhdth blosssey of Pantow (1958)
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for lutemizing hormone arc subject to o docroass in their evadan
ascorblo acid content (LawToN and Somwarts, 1945) which s
probably not caused by an endogenous release of luteininng
hormone snco it is also found 1n hypophysootomized reciplents
(De Groot 1005) Rixwe and KyrduXxt (1061) have shown that
in Intact rats o similar fluctuation oxists in odrenal ascorbio amd

Tho present experimonts wero performed in order to investigato
whother spontancous fluotuations 1n ascorbic acld also ooccur in
other tissues of tho rat Kidnoy and liver ascorbio acid contents
wore measured at 10 a.am  midday 2 and 4 pm Kidnoy ascorbio
aold nmonnts to about 14 mg%, it shows a non-significant docroase
botween 2 and 4 p.m. In the same timo interval liver ascorblo
acid foll from 18 5 mg9% to 161 mg% and this was a mgmificant
deorcase with p<0 05

Sinco ascorbie aeid s formed out of gluecso (Horowrrs and
Kma 1053) blood sugar values wero determined in another group
of retaplents thoy wero bled only once a day so as to avold strees
sido roactions An was to bo cxpeoted in non fasted rats blood
sugar levels gradually decrensed durmg the day tho lowost lovels
boing found at 4 p.m. The only significant dooroase however was
found botween midday and 2 p.m. Theso data could suggost a
possiblo connectlon botween an optimal value of blood sugar lovels
and the maximal asoorblo acld content in all organs concerned.
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J W Hokkelman Alkaline phosphatase and the metabolum of

bons tiasus

Laboratory of Cell Biology and Histology Umversty of Lewden
In & study on tho mechaniam of action of parathyroid hormeno

(PTH) on bono motaboliam 1t wns found that this hormono causca

a docroase In tho NADP contont of tho bono ooll (HAKKRLMAX 1665

HrrmanN-ERLEE 10068) Moro recontly (HNEEELaAY 1008) it woe
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shown thas the break-down of NADP in bone theme cocurs almost
mthﬂyvhldephaphorﬂltbuhylﬂllkﬂ.hﬁphmpbltm This
azyms has s very high activity in boos tisue and is Jocated
Lo & largo part In membranes, which makes it Improbable that
the deseribed resction is lts main task

It connection with this condderation, it is of interest that in
parificd bove extracts an ATPase activity was found which conld
ok bo gepurated from the phosphatase activity by electrophoresis
therma] nactivation, and varistion in pHL. The phosphatsse wetivity
way determined from the rete of focmation of NAD from NADP
ortover s mutus! inhibition by the two subsirates was found in
concentrations of 1x 10~* 31 ATP and 2x 10~* M NADP respee-
tively The fnhibition bry beryllinm jons appeared to run paraliel for
both aetiritien.

Thewe results lead to » hypothesis in which it Is aseumed that
13s alkaline phospbatase from bons theue is connected with a
troepart system for phosphate o phosphate and ealaum jone.
Daring deeintegration of this complex stracture the fanctlon and
Possible specificity of the phosphatase are Jost resiting in the
sppesTance of & pon-specifio alkeline phosphatise in sernm.

REFERENCES

Homwas § W in The Parathyroid Glands, Editars P J Gaiflard,
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Towaes, Excorpts Medion International Cobgrem series po, 129,
Page 5Y {1804}

I W, Gud, puge 40 (1966}

A A van der Poel Ethologioal stedy of the bebatrowr of the
auxo rot 1A & “passce-orodance™-fel

VeHcal Buologicel Laboratory of the Awtioral Research
Orgamuzation TXO Rijrrft B H Delense

’Dnu'pa-lmmhlded@p«h.p-mmmmunl pharms,
y wsed in

culagim]rmenmhunmmm—yhthn paative-svoldsnes™-tent. The

fw‘:edmwtdhtbememdyhm&tﬂytbenmn

by Boxes o o, (1904) There are at loast throe sesslons. In
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the course of & session one rat at a time Is allowed to explar
tho apparatus for 2 min, The apparatus consists of & main bo
and a gridbox of equal dimenslons. Aftor tho second sesslon half
the animals aro given an clostrical pain-stimulus in the gridbox

In this mtuation rats may perform more than 20 different
stercotyped behavioursl olements (SBE's) Ounly four of thess
SBE'’s will bo doscribed here

1 erosming into tho other compartment A crossing is considersd
to bo complote when all four feot have passed through the hole
oonneoting mainbox and gridbox. Crossings can of course be mads
in both dirootions

2 head wn gridbox or head +n mainbor Theso SBE s are assumed
to be Incompleto crosmnga. After tho pain-stimulus the froquoney
of head in gridbox f mgnificantly higher than bofore

3 stretching Rats performing strotohing stand still or slowly
move forward With the phenomenon in jts highest intcosity the
wholo body is stretohed. Tho hind legs are very tense whoresa
the front part of tho animal eppoars to bo much less inhibited.
Eapoclally tho head may mako scenning movements in frequencies
also seon in normal exploring animnls Rats display stretching
when placod In & strange environment nnd very frequontly after
tho pain-stimulus. In the lattor sltuntion the strotched aaimel
alwoyn aims at the entrence of the gridbox and may even perform
head 1n gridbox at the samo timo

4 tallang backwards This s consldered to be pure fight-
motivated behaviour for it is only shown after tho paln-stimules
ond it 18 always direoted away from tho entranoe of tho gridbox.
Very froquently it 1s prooeded by stxetohing

Vory likely strotching is an smbivalent movement. Being
exploration under inhibition etrotohing is followed in moat casce
cither by normal walking forward and exploration or walking
backwards Morcover walking backwarda is very casily releasod by
sudden nolses 1n animals performing strotching This proves that
strotched rats are highly flight-motivatoed.

Tho moro tho stimulatod rats approach the ontranco of tho gridbox,
the more they display flight-motivated behaviour Thercfore these
rats avold the gridbox almost completely It also fmplios that the
avoldanco 18 less passive than might be concluded from tho

exprosslon pamtve-avoldance tost.
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Akvaptﬂmmuhnbecnmndor&hurdthItmfunnd
thet cyurdiazol given In convulsant doees 4 hra. after the pain
stimruho fnduces only & pertisl rotrograde ammesta in about 25-30%
of the animale uring the sbove-mentioned EBE's as criterls for
retrograde amnexia.

REFERENCE

Buxry, J O Braxxwova and E. Trrxova, J Coomp. Fhys Puychol. 57
18 (1084).

B L. Polsk Upfuls of acetylcholing by ths islated cerebral cortex
o the rat

Uadwal Biologioal Latorstory of the “ahonal Difense Bessarch
Orponisction TAO Langs Kleveeg 139 Rk (2.H )

When cerebral cortex alices from rats sfter pretreatment with the
Potent cholin lahibitor soman are incubated in & glocose
tod monan contatning Kreba sotution under #5% O and 5% CO»
37" G, to which ACh has been sdded part of this ACh socumulates
In the timaus (Porax and Mreovws 1866)

In the present experiments ft was found that dinftrophencl,
tuytsl and parachloromeronribenroate inhibth this ACh sccumn
hation wheteas ouabaine or omission of KQ from the medfmm
bave Witle effect. The uptake process has & Q10-2.
Aﬂ'ﬂnlmhtbnafA(bmthuhohtcdmwmkmho

2 by hemisholint and by troly high
tontentrations of choline atropine and the chollrosterass inhibitors
tserine and O-cthy! 8-diethylaminoethyl ethylphosphonothiol

hﬂllmﬂnﬁuabcmmcbamofAChbymhrdmm
Wors aod the artive chaline transport by the rquid exon (Hopaxar
03 Maxrtx 1085) were disoussd.
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the courso of & seatlon ono rat st a timo is allowod to cxplots
the apparatus for 2 min Tho apparatus consiats of & main box
and a gridbox of cqual dimensfons Aftor tho second session bhalf
tho animals aro grven an ofcatricsl pain-stimulus in tho gridbox.

In this situation rats may porform more than °0 different
stereotyped behavioural clements (SBE's) Only four of theso
SBE s will be deseribed here

1 ¢rosmng into tho other compartment. A croasing ts considered
to bo completo whon all four feet havo passed throngh the hols
connesting mainbox and gridbox. Croasings can of course bo made
in both dircotions

2 hAead 1n gndboz or kead sn tainbor Theso SBE's arc asumed
to bo incomploto crosinga After tho pain-stimulus the frequency
of head in gridbox is signiflenntly higher than before

8 srefching Rats performing strotohing stand still or alowly
move forward. With tho phopomonon in its highest intensity the
wholo body is stretched Tho hind legs aro vory tenso whereas
tho front part of tho animal appears to bo much lesa jnhibited.
Eapeolally tho hoad mny make scannfng movements in frequencies
also scen in normal oxploring snimals. Rata display strotching
when placed in & strongo cnvironment and very frequontly after
the pam-stimules In the lattor situntion tho strotehed animal
always alms at the ontrance of the gridbox, and may oven perform
head in gridbox at tho same timo

4 walisng dackwards This s considered to o puro fight-
motivated beheviour for 1t is only shown after tho pam-stimalus
and it is always dircoted away from tho entranco of the gridbox.
Very frequently it is proooded by strotohing

Very likely stretohing is an ambivalont movement. Bewg
axploration undor fnhibitfon stretohing is followed in most eascy
cithor by normn! walking forward snd exploration or walking
backwards, Moreovor walking backwards Is vory caally reloased by
sudden nolms in animals porforming strotohing This proves that
strotohed rats are highly flight-motivated.

Tho moro the stimulated rats approach tho entranco of tho gridbox,
the mord thoy display flight-motivated behaviour Thereforo thf;
rata avold tho gridbox almost complotely It also Lmpitos "h“"u]°
avoidsnco is less passive than might bo conoluded from the
expression  passive-avoldanco tost.
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Oxygen sffinity expresecd ag half saturation valoe(pu) 740mm Oz
Bobr-¢ffect, expressed as Alog paf ApH —160 to —106 Hills
constant 2 4.4—25 Nat 488-40° meql K+ 10-—5 meqfl
Catt 30-9 meqfl Mg 12-1 meqjl.

The inflnence of NaCl K(1, CaCly and AMgCly on the oxygen~
binding properties of baemooyanin was investigated. NaCl and KOl
T to & concentration of 5§ molal ineteaso the oxygen affinity
the Bohr-effect bv unaffeeted CaCly and 3MgCls howevrer both ralse
the oxygen affinity ss well aa the Bohr-effeet The results with
CaCla st hikgh Jonis strength are in contradiction with those cbtatned
by Pxxerr Ricos sod Laxreez (10688) All mits tested Inerease
the valoe of “n” Probably the influence of NaCl and KCl on ™
& umll and dependent of the PH whilst that of CaCly shows
& defintte pH-optlmum

The varying oxygen-bindmg properties of the blood ean only
partly be explained by the varistion in sit content of the blood.
Cther ralts, metabolio products, or specifio differences in haemo-
cywnin may alteo play & part. Starch gel electrophoresis of the
haemocyanin shows the existence of 2 slow and 4 fast components.
The slow compoment when soparated on  Tevikon™ shows sn
oxygen equililbrinm curve that is alightly more B-ahaped than the
ourve of total blood. Probably ander physologioal condltions the
haemocyanin conshats of only ooe component with LYW 820 600
8ome of the haemooyanin molecules are split when both Ca++ and
l@*mmﬁaumbw-ndpﬂhhlgh,'hﬂﬂﬂ:uothzn,

ting the slaw t on starch gel do not dimsociate

0 eully

REFERENCE
Prcxerr 8. M, A. F Rinos and J L. Laxmurx, Belgone 151 1003 (1964).
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W J Rietveld W E M Tordor J R B Hagonouw
J A Lubbers and Th A O Spoor Tiswally eroled responses
to Blank and to checkerboard patterned flashes

Department of Physiology Unicersity of Leden
Published 1n these Acta Vol 14 No 3 (1067) 250

J J Bohipporhoyn Influence of eye morements on retinal ganghon
cell actieity s Jrogs

Department of Phymology Unwwersty of Lerden

In jumping o frog 18 obvioualy well informed about the loeation
of standing objects In tho majority of retinal ganglion colls a
sustained response to atationary rotinal images is absent The
respiratory oyo movements scrvo to sustain thisreaponso Fmploying
axtra-cellular recordings from tectal endings of optlo nervo fbres
tho responscs to oyo movement simulating object displacementa
wero studied It wras concluded that owing to eyo movemonts all
known types of rotinal ganglion oolls signal the prescneo of stanting
objeots As a result of adaptation to stercotyped stimulation tho
responscs to standing objeots, induced by ovo movaments, arc
suppressed in favour of tho mgnals ovoked by moving objoota

Tho influcnoo of oyo movements on tho ganglion ool! responso
to moving objeota was also studied Eyo movements were found
to inoreaso the sonmtivity to objeots moving at low angular
volowties. Tho foaturo was espeaially prominent in onfoff type
ganglion colls whero tho response to objeots moving at angnlar
volooitica undor 01 sco is otherwise absont

G L Bpook The 1nfluence of salis on the binding of orygen by the
Racmocyamn of the lobster Homarus gammarns L

Laboratory of Zoology Dirwion of Anvmal Physiology Umicersly
of Leiden

Tho blood of difforent spocimens of tho lobstor vrrics in oxygen
affinity the magnitade of the Bohr-offest, the shapo of tho oxygen
oquilibrium curvo (the valuo of the interaction coofficient) and tho
conoentration of NaCl KCl CaClsy and MgOla At tho phvnlolog"ml
pH of 7 6 tho following maximum and mmnimam values were found
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Smoncx W W H. L. Hacoorm R. M. Leqone asd H. P AL
Prasoox The glnoagon oontent in therses of the huan Intestinal
trak

HB.edW of arapid b
fnjection of gincose ar tatbatarnidy on plesosfoentin cortentretion
. pormel and diebotlo sabjects
B::ux.PGauiFvn Brr The effect of ressrpine hnplantation
tn suboortiosl strocturms oo ACTH secrstion snd on locomotor
aotlyity

#marresy, A. B, Blood ghacose levels and food intake jn normoal snd
Lypotbalemle hyperphagle rets

Urtosxr, L E. and J AL Vizzaopr The devetopment of manunary
god from preguact rate in organ oaltore

Vmace,J 1, Bamo aspects of the retation botween chemioa] structurs
of staroids sod thefr prostatotropls effect in rate

Woes, J D The presmses of Sodotyrosnedifcs eorpornds n
normal serom

Lyro, J and P R, Bovauw Neaformatim of fnehn-prodocing
etz fillowing Egstion of the pancreatis dnots fu normel sod
alaxan-diabetio rats

g
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Bousax P R and A. Comxr Studics on tho binding of nsulm by

rat diaphmgm in vitro (to bo published clarwhoro) s10
Faexema H.o0dJ ¥ D Vixs, The influonce of allylostronal, progos
terono and oostrndlol on the placonta of the rat 510

Groor C. A pr, The olfoots of oostrogen or trifluoperuzine pretreat.
ments on the Pardow asay
Haoxxxa W H L. R, M Lrquix W Somorsaw and H. P AL
Prmeoon Boparation of radicaotively labellod and vmlabelled
peotelnhormones by gelflitration
Hovrzaomn, H., H. vaN Lrosorw and J L. Mastaooyr Conversion
of androgens into gena by hy diform molos 51
Huw o ‘v Vawo L. Q. Uroary excrotion of individual nogtrel 17
kotostorolds In normal girla
Kouberasr, Jow, A. E. Dorr and M. T Hampnomx, An investigation
of the adrenal cortex of various mammals by histochemtos! and -
histoshamioal mothods
Y
Kwa H. G F Vemnorsrad and E. 2 vax ooz Baxr Radlolmmuo
nonmynfmo\mpmlwth\buoduponnmtdnhomod&wn
ducing pitultary
L:qm:x R. AL, W Somorstax W I, L. Haoxmee and H. P AL
Pansoox Sormo aspoots of tho radiolmmmmochemical deters
mination of Parathyrold Hormons
Maarmy §F H vaxand P G Samirax, Dopletion of monoamines in tho
hypothalamus and prolactin searotion L4
Aanyreux, Z 8., Comparison of the treumatls deciduoma with tho
norroal docidual roastion in mice a0
Ryrs, G P vaw and J Morz, Influenco of thyroldcotamy and of thy
roldectomy with thyroxine treatment on th; searetion
in gonadectomizod rats with antorior hypotbalamio Josloos (to bo
published clsowhere} Lnvestl 5.1
Rinnx, A, P J paR hovoorex and J H 0 T Inv
puomA;l tho adrencoortical fanotion of normal and obcso doge 531
808

510

511

81

514

519
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Aﬂtypaofprmutmmtdidindtedmhmuwnrhnmcth-hy
for Jow doses of LH b)mde)mmemﬂﬂentlythml),\"’hh
1) wme reeipronts lose their peeudopregnancy with b) reciplent
1y be weakened by side-sffecta of the tranquilliser Larger doses
of LH ¢tan be ineffective with any of the three pretrestment
tems.

REFYERENCES

Koarxe, C., V Gax snd B M. Boopaxore, Fed. Proo. 24 18 (1945).

Kormi, 3L A, ¢ Ao, J § Auomug sod P Aycrmms, CR. Arad
Wew (Parie) 261 1742 {1863).

Raxtow A ¥ Fed Proa. 17 403 (1958)

W H L Hackeng B M Lequin W S8chopman and
H P M Perscon Separation of mdicactively dabelled and «n
addied protamhormoncs by pelfltrathon

Ladoratory for Ewdocnnciopeal Chemustry  Gemeentenekenhuls
Berpey Rottordam The Aetheriande

The specific astivity of radionntively labefled proteins is calcutated
frem the quotient of the pumber of #C labelled protein and the

*1th & low percentage demage. Whey the same quantity of mdio-
astivity from these tubes is Incubated with & specific antibody
often different B F ratios are obtained.

To tnvestigate this phenomenon the elation pattern of 1MY
¥xeagon and of unlsbelled glocagon were studied.

Wih Sephadesgel (G-18) the topfraction of *1glucegen Is
elated before the untabelled glucagon in albumin containing buffer
The seme ph wus ab d with ¥ Lpokinelin and
wnlibelled foaalin at pH 3 whereas a reverm! of the relstive
peitern was obtamed at pH 76
dﬂth—Fn&xqudhthuuphhudhym

in spectfio activity of thess laballed hormones ln some

hi
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P R Boumanand A Ooort Studics on the binding of 1nsuhin
by rat daphragm 1n titro To bo published elscwhoro

H Foonatra and J v d Vies The influence of allylestrenol
progesterone and oestradiol on the placenta of the rat

Endocrinology Research Dept NV Organon Oss The Netherands

Progestarone and allylestrenol inorcaso the woight of the placenta
in pregnant ovarioctomized rats This cffeet ia not found in normal
pregnant rats or in ovaricotomized rats to which & anficently
high doso of oestradiol ia admunistored togothor with tho allyles-
trenol

From theso experiments it appears thot progesterone mereascs
the growth of tho placenta while oestrogen inhibuts it. This suggests
that tho ovary by means of its progestcrone and ocstrogen pro-
duction hns a very profound regulating cffeot on tho process of
placental growth In normal rata,

O A do Groot The effects of oestrogen or tnfluoperazineg pre-
treatments on the Parlow assay

Depariment of Pharmacology Univernty of Lerden The Netherlonds

In PARLOW’'S (1058) ovarian ascorbio acld deploting assay for
ostimating latolnizing hormone (LH) fn immaturo pseudopregnant
rociplonts Wistar rats vary m ocontrol valucs as well as in reactions
to doscs of loes than 1 ug purificd LH Slnco prolaotm stimulates
ovarian Activity in this roepeet the following pretreatments
intended to enhanco prolactin lovels, wero tried out
o) o singlo injootion of 560 ug ooatradiol bonzoste (OB) 2 days
before tho assay

b) 3 conspoutive daily doses of 1 mg trifinoperasine HCI (partly
neutralizod to pH 6) boforo tho sesay followed Ly § mg early
on the day itself (NovELLA ¢ ol 1005)

0) o courso of low doses of OB (5 1) which ia started 3 day®

boforo tho sesay
This course can boe extonded, with the recipiont rats romaining
pseudopregnant and ablo toroaot to 1.H for somo wocks (RIRGIER

et al  1905)
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L\mmdauﬂyobtdnedlnboy'l(ﬂmm‘!\m 1960}, The
padhbumofuhmgarhlthowur!nthehhﬂuxumlm
dnrfeg the firss two deoades of life, aro dlagused.
REFEREKCE
Hem or 'r Vrzp L. G Masndedhrift yoor Eindegoaseiunde 78) 398
(180},

Joh Eoudstaal A F Boll aed U J Hurdonk 4w
ixruhpohion of the adrenal cortes of rarions mammals by Aatockemcal
od engyme methods

)Y

o of Pathology O ¢l 83 Groninges, The hetkerlonds

The adrenal cortex of the human and of & mmber of 10 mam
s had been comparssively stodied by histochemical and entyme

Bltochemisel methods, The apphied enzyms histochemios! methods
& be dovided into 3 groups

L Emtymes direcily redated to serosdogineris

thol AB-D soetate and 4038 Br-indaxyl seetate)
IL Enzynes act redated to stsroidopensris

Alaling and Acdd phosphatase
ATP-ase and 5-Nucleotidase

Ambopeptidase
Lactlo actd and .

Hydroxybutyrin ackd dehydrogenase
Buccinio dehy snd o Glyoerophospl 3

L3

Gmdlymawﬁwd&am:ma@dhydmﬂd
dehydroprmase fs weak I the soma glomeruloss. In this some
ﬂmﬂ‘-muuv&yg{u;,m dary slohol debydn
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H Houtzagor H van Leusdon and J L Mastboom
Conrersion of androgens 1nlo estropens by Aydatidiform moles*

University Department of Obsietries and Gymecology 8t Radbond
Zrekenkuts Nymegen The Netherlands

Previous work from our Jaboratory showed that gram emounts
of molar tissuo incubated +n taro for two hours syntheatzed estrono
and cstradiol in high yields from Iabelled dehydrooplandrosterono
(1-8) Hydatidiform moles lack the enxymes to convert Cy to Ciy
storoxds.

Experiments are now roported on cstrone and estradiol pro-
duction using 44-andre dione-140 and testosteroncSH as sub-
stratos, The products wero isolated and purified by chromato-
graphy on thin layer plates, by recrystallization and by tho for
motion of derrvatrves,

By experiments with 44-androstenediono-140  testosterono-*H
added simultancously and determination of the 4OFH ratios of
tho purified products the rcaction sequenco of this metsbolio
pathway is elucldated.

REFERENCES

Lxuvspmd H wax Ned. T Genoesk. 110; 1344 (1888)
———— and C. A. Viurxm, Exoorpta med., Internas. Congr Beries No. 111
318 (1066)

~—— and

J olin Endoar 26; 843 (1968)

L G Huis in t Vold Unnary excretion of tndiodual newtral
17 Letosteronds wn normal qurls

Natwonal Instuiwis of Public Heslik, Utrecht The Netherlands

In 05 girls, 80 chromatographlo analyscs wero made of tho urinary
17 KS mixture Tho quantitative data obtalned wero statlstioally
analysed in an attempt to establish tho ‘tnormel oxeretion In
fomsles aged 0-20 years. Tho data obtained were comparcd with

MdodbyugnnbuftboNntlﬁnﬂInlﬂmtaomelth.Mﬂh
Md, US.A.
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&mwhulyowhedhbcyl(ﬁmm‘r\m 1060) The
puuﬂiumnmo[dunguwhid:mlnthuﬂliﬂnaﬁkm
dmmﬁmmdoudwuflﬁa arp discaseed,
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Hets ox 'r Verp Lo G, X hrift voor Kinderp kunde 23 398
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Job Koudstasl A E Boll and M J Hardonk A»
wmwmo]ﬂtabadmo)mdmm-ahb]w
ond enzyme Hatockemical methods

Department of Pathology Oosternngel 83, Gromnpen Tha b ethrriands

The adrenal cartex of the human and of & number of 10 mam-
sals had been oomparstively studied by histochemical and enxyms
kistochemical mothods. The applied enzyme histochemical methods
an be devided Into 3 groups

L Eazymes diractly related (o sterovdogensns
380l Hydroxysterold dehydrogenase
Socondary aleohol dehydrogenase
I Engymas possibly related to sterovdogenseis
NADH and NADPH tatrasclium ceductases
Glucose-6-phoaphate and isocitrio ackd dehydrogenase

N esterases (substrate os-naphthyl acetate
MA&DMMMW. )nl-Ph‘

Lactio acid

and p Hydroxybuiyre acid deh
Buscints dehydrog x2d x Ol ok ydrogenasm
Gﬁnﬂtﬂy'—‘:olﬂhﬁyg{mmw

Mmhmmmum@whﬁm
Mhmwiﬂtyu!m.m dary aloobol dehyd
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The activity of this enzymo oan be found 1n tho yons rotioularis
and sometimes in the zona fascioulata. Thero is a great variabllity
in intenaity and localisstion of tho enzymes of group I in tho
various mammsals Thers is & strong activity of the onrymes of
group II 1 the zona glomeruloss, exceptionally the zona glorsern
losa of tho rat Tho diviaion of the non-spocifio esterascs is variable
Enxymos of group III can be used to got a better ides of tho
functional morphology of the adronal cortex Thero aro sex dif
ferences 1 the mouse in the disteibution of the cnzymes alkalino
phosphataso and succinic actd dehydrogenaso

The results of this investigation indicato that soveral stops i
storoidogencais can tako place in various parts of the adrenal
cortex Thesc patta are not tho samo in tho adrenal cortex of tho
various mamala.

H G EKwa F Vorhofstad and E M van dor Bent
Radiosmmunoassay of mowse prolactin based upon a protewn ssolated
from prolachin-producing prisilary tumonrs

Depariment of Biology Anions van Leswienkoek s The Nether
lands Cancer Institute, Amasterdam The NetAerlands

Rooently the isolation of rat prolactin (RP) from the granular
fraction of transplants of pituitary tumours has been doseribed
(kWA Vax pwr BexT and Prop 1007) and a radioimmunoasmsy
basod on 131 labelled RP and an antiserum to RP has been reported
briefly (Kwa ond VErRHOFSTAD 1087)

Employing tho samo isclation techmguo & fow mg of 8 proteln
wore obtained from tho granular fraction of first passage trans-
planta of costrogen induced prolactin producing pitwtary tumours
in mioe The olectrophorctio behaviour of this Mouso Pituitary
Tumour Protein (A[PTP) on polyscrylamide gols was comparsblo
to that of bovino ovine snd rat prolactin as is tho case with RP
it moved faster townrds tho anode at pH 8 0 than ita homologous
albumin

3mg MPTP wero usod to nduco sn antisorum in a rabbit Tho
bahavionr of MPTP in a radioimmuno system was thon studied by
Iabolling MPTP with 1351 by the Chlorsmino-T mothod (GrExx
woop Hoxrme and Grovme, 1063) snd titrating four antisora
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Fig. 1. Tiration of antiseram to movms proteins {

wring prolectn (& ), antmerum to rst prolscim {
0 PTP (X

}, antisernm to
#) and antherum
x ) with ™1 labelled 3TPTP 005 ml of the four antisars
0 the mdscated nme ditutsass were allowed (o eqailibeate with 0 @ enogram.
(ng) lmbellad MPTP [n 0.10 rol duloerit pur vial. The 38 resctioo muixtares wers
Toept, for 7 deys at 4°C A.quntomml)mtppﬂ'dmuﬂuhnm!uc
siripe (OXOID 2.5am X 20 am) and subjeeted
(0055 M Vernoel buffer Pnu.unwp.mndu@n{mv
messwed orer elevtrodm, Th ron) The strips wore cut fnto four ploses
2 pleces of | em o ach ekdo of the application mde aad 2 picors of § em,
Which werw rolied into soall acroile. Radioactirity was messred in
bere counting viels 1 Pacxazn A Bpectronwter (settings
B 90y window 20 to 70 ke V). When counts on soy of the two 1 em
Phoces sxoreded 20 %, of the total eocunt of tha spphied sumpls, exeomive
#noarmy was oonelnded to bave takem place and soothee
run for thed sarple wee mede
P‘"“'C'ulhbdhdmﬂcmbmndbymﬂhiymmkuhhdhyd&vﬂh‘
the radicactivity which bad moved to the eathode by the total yadic-
sotivity applied.
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134 1490 1 00 (330400

P 1 Thranon of antherrum to mouse proteins ( )} soijeerum to
OTRa profacin (& ¥) smteenm to rat prolectm { ) and antleerom
© MPTP (x x) with \MT.labellad MPTP Q.05 il of the four antisers
1 the mehesied e duut rons wore allownd 1 eqoiliteat with O § panogram
{ng) labelled MPTP m 0 10 ml dohaent per vial. The 38 reacs jon mixtures were
ept for 7 dys st 4 0 Abquots (0.02 ml) were  ppdied an orlluloss scetate
#rips (OKOID 2 forn % 20 em) and sabootsd to P

(0423 X Veronal bulter pH .8; 15 em bridge, conmtant voltage of 300 7
Dwarred aver slestitodes, $h ron). The stpe were cot into forr leces
Ipeccsof 1 om on ach side of the applioation sido and 3 pleces of P am,
ach »ere roflad fato cmall ecrode. Radioactivity wes tessared i polyeidiy
ke counting vmle in Pacxawp Autogumme Bpectrametsr (sttings
B 80 % window 20 t0 70 keV). Whea eoonts 0o any of the two | em
P excoaded 20 %, of the total couns of the agplicd sTTle, excamive
Fhewrng Was conchuded to have taken plase and another

Ton for that esophe was made
Prreactags of aboled antigra bound by satlivdy was calnlated by dividmg
(e sudomttvity which bad moved o the cethode by the total mdio-
serhriiy spplied.
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raisod to different antigens with 08 nanogram (ng) amounts of
Inbelled ATPTP in the reaction nuxturea The reaction mixtures wero
allowed to equilibrate at 4 *C during 7 days tho peroentago of
labolled MPTP bound by antibody in eech reaction mixture was
determinod by clestropherotio separation of bound and freo MPTP
on colluloso acotate strips (Huwrzr and GroEwwoon 1063) The
titration curvos aro ropresented in Fig 1 Tho two antisars ro-
spootavely to ovine and rat prolastin preparations showed a maxi
mum binding of tho Jabolled MPTP of around 63 9, whereas the
ontiserum to mouse scrum proteins falled to show any ‘binding
over and abovo 18 % S8moo binding by tho threo other antisera
taper off to around 18 % binding ot tho higher dilutlons, the
observod minimal ‘binding may bo ascribed to moubation
damage to tho labelled hormone.

Riaxe and LApiors (10685) obscrved cross reactivity between
an antiserum to ovino prolactin and mouso prulactin with the
immunofluorescent tochnique although the gel doublo diffasion
teohnique failed to discloeo any cross reactivity between ovine
and murine prolactin Thoy presumed that mouse prolactin and
sheep prolactin have only fow antigenio doterminants in common
not onough to givo riso to insolublo aggregation comploxes, but
sufficlent for fixntion of antibodies to tho hormone 1n tissuc scotions.
Employing on antiserum to rat prolaotin an incompleto antigento
identity betwoen prolactin from rat and mouso sources was demon
strated by tho gel doublo diffusion tcchniquo (Kwa Vax DER
Brxr and Pror 1007}

Tho results ropresented i Fig 1 confirm thoeo obecrvations
tho fnercaso in percentago of labelled MPTP bound by antisers
to ovino prolsctin and antiscrum to rat prolactin respeotively
from 18 % to 63 % indloates that at least 45 % of tholabelled
APTP must have been bound by antibodies to kmown prolactin
preparations and thus represent antigenically inteot mouse pro-
lactin or ot lenst o murino protomn that is antigenically closcly
relatod to prolactin The remainder of the radioactivity which
foils to be bound by tho antisers, must either havo been an eati
genloally Inort contaminsting proton (unlikely) or antigoniosily

damaged mouso prolactin sinco maximal binding by entiseram
to ATPTP 1tsclf is also around 638 %

Inhibition of the binding reaction bstweon labelled MPTP and
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uﬂhrnmto)MP(Ubnghbeﬂedlﬂ’YPnndO%mlmﬂ
setvm to MPTP in 1 3800 dllutlon In each reaction vial) was
ntnikdbytddinguosmlofimmlngdﬂutbmufmw satenor
%ww&amdafmwm:tmpla.
reapectively Mouse sntertor Jobo tiwno bomogenates fnvariably
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dilutions Plasma from untreatod male mico and from femalo mice
colleoted in Diocstrous tho first two stages of Pro-estrus, during
tho eccond stago of Ocstrus and all the stagos of Motoostrus (defined
ascording to Trnuxe Boor and MénLeock, 1086) failed to inkiblé
tho binding of Inbelied MPTP by antiscrum undor these eonditians.
Howovor plasma samples collested during, Pro-ocatrua stages 3 and
4 or in Ocstrus atago 1 shownd inhibition in dilutions 1 9 and
1 36 Plasma samples from pscude-pregnant mieo showed marked
inhibitlon occasionally up todilutionsof 1 640 whereas plasmafrom
femalo mico bearing isologous pituitary gland tissuo transplanted
under tho renal capsule for moro than a yvar exhibited inhibition
of tho binding reactlon up to dilutlons of 1 6000 These results
strongly suggest thet tho protein rosponsible for tho inhibition
by pituitary tissuo cxtracts and by mouso plasma is prolactin

The four inhibition curves represented in Fig 2 show tho by
bition obtained by 1 unlabelled MPTP 2 a saline (10 mg/ml)
normal mouso anterdor lobo tlasue 3 plasma from a mouso on
tho third day of pasudo-pregnancy and 4 plasma from o mouse
18 months after transplantation of an wsofogons pituitary glead
under the ronal eapeulo The lincs are paralic! indicating antigenio
idontaty s far oa vadiowmmunocsssay is concorned betwoen MPT?
and mouso prolactin It may therefore be conolnded that radio-
jmmunoassays employing labelled MPTP aro valid when comparing
prolostin in pituitary tissuo extraocts nnd n plasma and that the
values obtained may Lo oxpressed in ng MPTP-standard

Wo are grateful to Dr L M Boor for aliowing us to cotleet
blood mamplos from mioco with pituitary isografts and to Professor
O AMOnLpoox for hts continuous interest and actlvo support.
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B M Lequln W Bchopmsn W H L Hesokeng and
H P M Persoon Soms aspects of ths radioimmunochemical
ddormsahon of Porathyroid Hormone

Loboratory for Endocrinological Chemustry Bergoegrebmims 62
Berqpdan, Rotterdam, The Netherlands

In otder to measure Parathyrold Hormoos in human plasms an
extremely sensittrs ndlotmmunosssay i neccwary (Brmsox and
Yarow 1985) Purifiation of bovine 3] PTH {iodination pro-
cedure amording to Grrrxwood & al) was troublesome. The
relatrrely mmple purifiostion by mesns of Bephadex flitration
- used for preparing insolin  or human growth hormone tracer -
pvo dentisfying resutts, Le. the PTH-tracer gave ncomplete
binding to wutibody excess altbough damage during inenbation
waa low

Purification of the tracer was achieved by means of antibody
beoding (Berorsax o of  1047) and resnited in o %] PTH tracer
which conld be meed in & senxitive asaysystem (antlserum come.
1 3000)

Bensitivity of the system conld be further increased by sddition
of 1 3 ures to the ineubation buffer The Tiost amount of
sdded bovme PTH detoctabls s 10-20 pg
It was found that during immunimtion with elther highly
purified or crude bovine PTH in guines pigs, the mean assocls
ton-K values of the antfbodies increased (100108 LAY they
were however lower than thoee fonnd for anti inwnlis, glueagon
and bumen growth hormone antfbodies (104-101 LfAL).
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7 H van Maanen and P G Smelik Depldion of momo-
amixss 1% {he Rypolkalamuy and prolachia secretion

Deportment of Pharmacology AMedical Foculty

Utrecht The Aetherlands University of
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mothyl-dopa induces preudopregnancy indicating that prolactin
hns been roleased It is conceivable that this effect is duo to do-
plotion of hypothalamie cateoholamines

Accordingly in femalo rats reserpine was implanted sterco-
taxically in the hypothalamus In this way o loeal depletion of
monoamines could bo achioved which was dhecked by means of &
histochemieal fluoresoence method Reserpine iuplantation resulted
in peoudopregnancy as judged from the disappearance of the
estrous cyclo and tho oceurrenee of declduoma formation

Thix effect of rescrpine implantation could be provented by
administration of a ALAO inhibitor indicating that the monoamine
doplotion was tho cauaal factor

Z 8 Madjoroh Comparson of the traumatie deciduoma teafh
the normal decidual reaction tn mice

Anat embryol Lab Unicersity of Amslerdam The Netherlands

The endometrium of the laboratory rodents, under tho in
fluence of progesterone —either in o natural (preguanoy and
psoudopregnancy) or fn an artifielal (conditioned by progesterono
administrntfon) progestational phaso —renots to a traumatization
with the formation of deciduomata (Loxn 1009) Traumatio
declduomn formatlon in epoyed mieo is thereforo an adequato
method for testing progestational activitics (AlapJxncr  1960)
It was shown carller (RrBmsrer, 1037 Sctye and Mchrowx
1035) that the histologleal picture of a traumatio deciduoma in
rats and 1n gunen pigs does not differ from that found in the
aterus of theso speckes during implantation Wo compared the
histologioal proparations of traumatio deaiduomata In tho uterl
of spayed progesterone-treated mice (MADIERTR  18400) with thoso
of intact mieo in the beginning of & normal pregnancy (6-7 doys
post coitum) This comperwon thowed that in mieo too theso
reaotions aro histologically ldentienl so that they are practically
indistinguishable
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W Sohopman W H L Hackeng R Al Lequin sad
H P M Persoon The glucagon content un {iagues of the human
ifesinal tract

Laboratory for Endocrinoloqical Ohemustry Qemesntenekenhurs Derg-
weg Rolterdam The Netherlands

With radio-immunochemical methods different authors (Somoe-
aux 1865 SavoLs o al 1988 UxorEr of ol  106) proved the
presence of glucagon in tissuce of tho gastro-mtestinal tract.
Mobilisation of this gut-glucagon could cxplain tho higher
mnsuhin response of the pancreas after oral gluccse administration
compared 1o the intravenous route

The estimation of glucagon in pleces of tissus was extendod
with the messurement of the recovery of added radio-lodmatod
glucagon. The extracts were punfied by dialyscs and in some cssos
by dialyses and gelfiltration

Glucagon from the intestinal tract showed & behaviour identical
to unlsbelled standsrd gluosgon The clution pettern of un
labelled glucagon and radio-jodinated glucagon found by gel
flltration (Sephadex G-76) 18 not 1dentical howover In tissucs of
the gastro-intestinal tract obtained at autopsy within seven hours
after death parallellam between extract and standard responscs
in tho radio-lmmunoassay could not be rejected

When the mean gluoagon content per gram of tisguo — estimated
for four autopsies — was multrpled by tho organ woight — measured
1w ono case only — the followmg glucagon contents in microgram
xT organ were calculated
wsophagua 1 anthrum 2 fundus 4 pylorus 03 duodenom 2
pjunum 18 deum 57 colon 85 (for organ weighta of 33 40 95
1) 40 200 440 300 gram respectively) Moreover one third of the
cmapancreatio tissus glucagon was found i liver
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B B Bohrender sud W Sohopman Inxfsencs of o repd
irarowouns injechon of gucoee or toldbutamide on lasmo yneshin
cometration 18 sormal and diabeic aubjects

Department of Medicime & Lob of Chin. Chemisdtry 0 L.V @

mserdan Lab. of Endocrinoloqzal Chemiry Munscipal Hosputals
Rutterdam

The offeet of & rapkd Intravenons Injection of glucose (033 g/kg)
on the plasma Insulln level was sindied in 9 yousg normal subjects
(sged 2438}, I @ elderly sabjects (xged 50-73) and 18 patients
with matutity-onset™ diabetes (aged 47-70).

From all subjects & glaoose disappearance coefficent (Ky) was
olcalsted. Dotermination of plasps-insulin concentration [im
munoamay) was performed in venous puama, ab 9-2-5-15.30-60-120
mtmten after the start of the glucoss injection.

In the elderly non-diabetlo subjects the K¢ values were signi
foantly lower compared with tha young normal subjects (P <0,03)
in alt normal aublecty the highest insulin concentration was found
within 3-8 min after the gluoose-injection.

The initial plasma-insulin rise in elderly non-disbetios did not
duffer agnificantly from that of tho young normal

Tho mitial plauna insulin response to gluooss of diabetio subjects
was markedly impaired angd delayed, when compersd with the
bormal subjcots.

In the normsl sobjects as well as in tho diabetis petients na
carrelation bas been found botween Ky and plesma-inaalin re,

In the 9 elderly subjocts and 15 disbetio patients the influence
of & vapid intrs in of tolb s on the plasme-
Insultn concentration has been studied.

The results were compared with the effoct of An intravenous
infection of glucoss,

P G Bmelikand ¥ v d Bilt The effect of resergmme smplan

:bw: A sxboortical dructares on ACTH secretiom and om locomotor
y

Department of Pharmacology Uediwal Focely U
Utreelt The Actheriands ¥ Dwwenly of

Iraplantation of reserping in the hypotbalamus of the rat resulta
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W Sohopman W H L Haokong R Al Loquin and
H P A Porscon The glucagon condert in bissues of the human
nleslinal tract

Laboratory for Endocrinological Chemustry Gemeenlezielenkure Berg-
weg Rotlerdam The Netherlands

With radio-immunochemical methods different authors (Souor-
Max 1005 Sarors e o/ 1908 Uxaxr e al. 1060) proved tho
presenco of glucagon {n tissuca of tho gastro-intestinal tract.
Mobilisation of this gut-glucagon conld explain the hugher
insulin responss of tho pancreas after arnl glucoss sdmimstration
compared to tho intravenous routo

The catimation of glucagon in plooes of tissuo was oxtended
with tho measurement of the recovery of added radio-iodinated
glucagon The extracts wero purified by dialyscs and in somo cosca
by dinlyacs and gelfiltration

Glucagon from tho intestwa] traot showed o behaviour identical
to unlabelled standard glucagon Tho clution pattern of un
labelled glucagon and rudio-iodinated glucagon found by gel
filtration {Scphadox G 75) Is not identical bowever In tissucs of
the gestro-intestinal tract obtained at sutopsy within soven hours
after death parallelsm boetween oxtract and standard responscs
in the radlo-nununcassay oould not be rejected

Wlien tho mean glucagon content per gram of tissuo - catimated
for four autopsics ~ was multipliod by the orgen weight — measured
1 one case only - the following glucagon contents in nuerogram
por orgon wero caleulated
ocoxophogus 1 anthrum 2 fundus 4 pylorws 03 duodenum 2
jojunum 13 iloum 57 oolon 55 (for orgon weights of 35 40 63
10 40 200 440 300 gram respoctively) Moreover ono tinrd of the
extropancreatio tusuo glucagen was found {n liver
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K B Bohreuder and W Hehaopmsn Infxescs of o rapd
muﬁmo]ﬁmwhﬂﬂaﬂdcuﬂm«uﬂ:
comcentration 1a normal ond disbedic subpects

Department of Medicane & Lab of Chm. Chomstry O LV a,

dnderdom Lad. of Endocrolopasl Chemustry Munclpal Bospltals
Eoiterdam

The effact of & raprd Intravenons injectlon of glucose (0 33 g/kg)
o the plasma-msalm level was studied in 9 young normal subjocts
(aged 21-38), in 9 eldecly subjeots (sged 50-73), and 18 patlents
with “maturity-onset” diabetes (aged 47-70).

From all subjocts & glucose disappesrance coafficiant (Eg) waa
calcalated. Determination of plasms-lneulin concentration {im
munocaseay) was perfarmed in venous plasms, at 0-2-5-15-30-80-130
mimates after the start of the glucose injectron

In the elderly noo-diabstio subjects the Ky values were syl
Scantly lower compared with the young normal subfects {P<0 05)
m all normal subjects the higheat msulin concentration waa found
within 8.5 min after the glucose-injection.

The injtial plaxms myulin rise in elderly non-disbetics did not
differ significantly from that of the young normal

The wnitia] plasma {nsulin response to glucose of diabetio sabjects
was markedly Impaired and delayed, when compared with the
ormual subjeote.

In the normal subjects as well as in the disbetic patients no
corrtiation hay been found between Ky and plasms nsulin rise.

In the 9 elderly subjects and 15 disbetso patients ths influence
of & rapid Mmtravenom injection of tolbutamide on the plasma
Isalin concentration has boen studied.

The remilts wern compared with the effect of an Intravenous
Injection of gluooe

P G Bmelikand ¥ v d Bil¢ The effect of reserpins implan
taluy v suboortical struciures an ACTH scerehon and on lcomolor
actirty

Department of Pharmocology Medical Foolty Unmsvernt
Utreckt The D etheriands ey of

Implantation of reserpine in the hypothalamus of the rat resits
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in depletion of the moncamines acoumulated in tho median eminenco
reglon as ovidenced by tho absonce of fluorescent material (ro-
presenting monoamines) after treatment with formaldchyde. In
roserplne-unplanted anmals ACTH hypersccrotion follomng ad
mustration of reserpmo or chloropromnaine i as usual indcating
that theso drugs do not induce ACTH releaso via an action on
hypothalamio monoauunea.

Othier strossful stimuli also provoko the usual ACTH relcaso
rats bearing hypothalamic rescrpine implants,

Bmeo in addition theso anbmnls are not sedated ono may
conclude that depletion of hypotbalamio monoamines does not result
in pitwtary adrenal or bohavioral defi {ea, It la posatbl
however that the sedative and ACTH reloasing effects of system
ioally adminlsterod rescrpino aro located somowhore clso in the
ONS  Acoordingly systomatio reserpino implants wero mado at
soverul sites in lunbio structures and their cffeat on locomotor
aotivity in an opon ficld situation and on pituitary adrenal activity
was tosted, Implants wero mado bilaterally m  tho amygdala
complex soveral areas of tho hippocampus the ceudato nucleus,
tho Intcral soptum the arca preoptica, the retleular formation
and the mammillary bodics. Tho roaults show that nono of theso
fmplauts when compared with aham impiants, induoed s wignificant
offocot on locomotor activity or ACTH scorction

It is concluded that thero is no ovidenco that tho astion of
reserpino s striotly localized fn 2 specifio suboortical structuro
This suggests the posaibility that & much moro oxtenmvo portion
of tho CNS s involved

A B Stoffons Blood glucase levels and food fake 1x morwal
and Aypothalamie Ayperphagic rats

Zoologieal Laboratory Ussversily of Gromngen The Netherlands

Liko other mommnls an adult rat kept under ad libituot con
ditions maintaina o fairly constant body weight during prolonged
periods, provided that its hypothalamus is intact Dastruotion of
the ventromedial hypothalanue nuclel enuses hyperphagio resulting
in obemity Ilateral hypothalamio lesion on tho other hand induces

aphagia,
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In his glucostatio theory J Mayer has postulsted that the
hﬂnldnﬂnguhmluioodlnhknlnweonhnwmﬁnhonnﬂ:
hﬂnyofhloaigium(dcﬂncdmtcrmsofthndiﬂmm(dﬂ
between arterial and venous glucose concentrations) low evaila
bility wetvating and high avallability inhibitmg feedmg behavionr
'Ehonguhungngmhuhmgﬁumg}uwlnﬂnhdhymﬂdthm
bo processed by the hypothalamus. Although thero are some
indications in the literature that the occurrence of fecding behaviour
ahowa same overall correlating with AV there fa littls peoof that
low avallability ts a direet causo of tho inltiaticn snd high availa
blity of tho termination of intake

To eheek this ons would nesd moro detafled data on the time
aurss of AV than are available so for A major difficulty here
fs that arterial blood glucose levels fluctuste rapidly so that
litle reliance can be put on 4V determinations when the time
mterval between the arterlal and venous sample ca which they
a0 baxed s nnspenafied and posibly qulte arbitrary

Ay o first step townrds a ro-ezamination of these questions I
bave thercfore begun to relste arterial blood glucoss levels to
food fntake w rats under different experimental conditions. In
addition, 1 have determined the concentration of free fatty acads
(FFA), the other major substrats for energy mrtabolism. For thess
purposes, 1 have developed a technique for blood sampling in
the rat by means of a chroam intravenous cannuls. This permits
taking off an unlimited number of samples (blood withdrawn being
replaced by equivalent transfusion) over & penod of many weeks.
Bampling never causes any observable dhsturbanes 1n the angoing
behaviour (feeding aleepmng, eto.) of the subject. Further by
meary of & double cannuls wmultaneous sampling and infusion
sere made possble Glnemeemnenmthuhdctcrmlnodbymumof
s Technioon Auto Analyzer FEA levols by the titrimetrio method
of Meinertz and Dole 80 far blood samples have been taken efther
st long (2 h) intervals or at short intervals (4 mun during meals
‘mlmmmlnbetmmcth) The results obtalned up to the
Present are as fallows
! After 4 b fauting, glucoss lovels aro low and FFA levels high,

& compared to the ad Iibttum condition. If food is returned

to the fasted antmal, the ad libutem situstlon is relnsta
the blood within fifteen minutes. ted fa
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134

Glucoso infusfons (12 ml/k of a 50 % solution) admnistered

to tho fasted animal mduco the ssmo lowering of FFA lovels as

does prosentation of food. In contrast infusfon of a 20 % fat

cmulsion ot the samo rato does not influence blood FFA. It is

concluded that tho FFA changea aro caused (via an undetermined

ohaln of procesacs) by changea in blood glucoso

3 FFA lovels fluctuato widely under ad hbiwum conditions. These
fluctuations bear no relation to foedmg bohaviour

4 In the ad lhbuwn animal glucoss concentration in between
meals 18 fairly constant it rscs rapidly within a fow nunutes
after tho start of o meal and returns to pro-mcal valucs soon
after ita tormination

5 If tho food is romoved at the moment that tho rat starts a

meal a slow but very prolonged fall in glucoso Iovel ensuca.

These results seem compatible with tho viow that changes in
blood glucose lovel set up aignals that are o (contributory) cause
both of the Initiation and termination of feeding behavionr This,
of courso 1s not to say that thoy constituto proof of such o view
Further work is in progreas including a study of ocrtain ondoarino
aspoots, to cstablish whother 1t will romain tenable

In the ventromedial hypothalamio hyperphagio rat blood glucoss
levels in tho dynomio phase under ad Ithitwn conditions are not
different from thoss in the intact subjest under sumilar conditions
In botween meals. Those lcaioned animals cat hugo meals at reguiar
intervals, but in many cases theso meals have hardly any cffect
on blood gluoccso It scems plausible to ascribo this finding to tho
faot that in tho dynomic hyperphagio rat the gut 1s full at all
tuncs so that digestion and insulin production arc activated
continnously The hyperphagia of the lesloned subject could then
Lo due to it fnability caused by the lealon to take satioty aignals
arsing from blood gluooeo into acoount. FFA lovols in tho lesioned
rats appoar mmilar to thoso of the intact animal in overy respoot.

I E Uyldert and J Al Villaudy The development of
mammary gland from pregnant rals in organ culturs
Laboralory of Pharmacology Umsvernly of Amsterdam Ths Nether

lands
Stonlo fragments (1 5-2.0 mm) of mammary glond taken from
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rats on the 9th-17th day of pregnancy were cultured at 37°C
an1HJnnnmmteﬂﬂpluuthamrIAmafnmed}nm
ounddu,goi'w%mmmmdﬁoxi‘mweﬂmuﬂumﬂ‘s)
(from which the amino-scids, phenol red, chlaramphenfcol and
pmbob:nxa)aaddmamittcd),amuiningwpgfmlmhn,
Anad eopeemtration, The terum was always taken from rata 3 days
further advanced in On b the mediom (every

Jregnancy

3 days) serum was used from rats each time advanced sother
3 daya in pregnanty

Calturing for 6 days with insulin only resulted in peoliferation
of the achi, whish appear compacs and show many mitoses.
Addtion of progesterons (P} 0 1-0.5 sgfim] as well as oestradiol
(Os) 001-005 xg/ml causes vacuclisstion of the scnal cells
Further additbon of hydrocortisene (H) 4~20 ug/ml canses extenive
sccretion, the histologieal picture being strikingly similar to that
shown & siw by & mammery gland lste in pregnancy
Calturing for 6 days with insulin coly followed by 3 days with
fxlin pea P plus O, plus H, plus ovine prolactin (Prol) (10 gg/ml)
pos bovine growth hormons (GH) (10 xg/ml) showsd mainly
protiferation. 3 Days insulin only followed by 6 deys under further

sddition of P plus Oe plos H, plus Prol, plus GH resnited I
sbandant aseretion.

J de Visner Some aspects of the relation betwsen chemscal gructurs
of steronds aand thiar prostotolropio effect v raly

B Rusearch
vldwnalnq-tad Department, NV Orpanon, Ou The

The androstane derivative AtM.gaH-androstadiene-3 17-djol,
317-dkecetate (B 04) displayed s prefecential kicrease of ventral
Prostste weight in yoang normal end castruted rats after

ventzal prostate weight
sexnioal vealely weight {Qvam) I3 wsoful to Indicate & difference

in androgen senaltivity of both argans.

AT hormane
| hm}!;mummkhd}ypmﬁdbyﬁvﬂrm
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Inorcasing doses of testosteronoproplonato (tep ) gavo Jow Q-
valucs as measured m tho Heraliberger test. After treatmont with
inerensing doses of NB 08 higher @ valucs could bo calenlated
which wiro poaitively correlated with the doses admimstered Tho
differenco between the androgenio activity of tep and NB 06 in
castrated rats s that tho latter has no or only a very weah growth
offeet on tho seminal veaicles,

Oestradiol could not abolsh the prostatotropio cffect of NB 08
and on tho other hand NB 06 could not inhibit growth of tho
scminal veslcles induced by oestradiol

NB 06 hko top ocould partly maintain testis welghbt In hypo-
physcotomized hemi-castrated rots.

Furtherinoro NB 06 did not inhibit tho funetion or development
of tho gonads in young malo and femalo rats.

A weak proforentinl prostatotropio effect could be demonstrated
in castrated mice after NB 06 treatment.

As measured in the Hershberger tost somo androstane compounds,
chemically rolated to NB 08 displayed varying cffcots showing
remarkable eonneotion between chemical structure and pharmaco-
logical activity

J D Wionor The presence of todotyromne-like compounds 1
normal serum

Depariment of Internal Medicine Fres Univeraity Hospital Amsler
dam The Netherlands

After tho administration of radioaefive jodine to normal aulnals
or human subjcots labolled thyroxino but at most traces of the
precursors mono- and difodotyrosine (MIT and DIT) can be dotected
in the scrum Howevor several investigators claim to have found
considerablo amounts of MIT and DIT whon sasaying tho rodinated
com ounds in sorum with chemical methods Wo have proviously
roported tho presenco of labolled jodotyrosincs (notably DIT) in
tho sorum of rata brought to ixotopio cquilibrium with 18I jodo-
tyrosines wore present in thoso groups which reoaved & sufflcent
amount of fodino in tho diet but hardly in todine dofickent groups

(Wmanxs, 1065)
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Tnaxphinthuuﬁndlnp.wpmpuedamh:mﬂamodelof
the thyroddal jodine metabalism Lased o (s) the hypothesm that
Lhohd.otyrndnumprumtinthawvnhtionins“mxkcd
furm (1. protected against delodination both inside and cutade
the thyrodd) and (b) the - kuown - functwonsl heterogeneity of
the thyrokd tisue. According to thi model tho functionally active
past of the gland would elaborate tho harmone while the relatively
taactive part—very much more slowly - would synthesize mnd
relesse masked fodotyrommes. The latter would be anmmaked™
during chemical bsolation and thercfore be detcrmimed as fodo-
tyrosines. Tho proportion of mactive follicles increases with the
Indme intake and is low mn long-standng severe iodine deficiency
this would explain the differcnoe in circulating DIT found in
rais on different dieta.

We now have the means to determme, be it Indirectly the
droulating lodotyrosine-like compounds chemically (Backem ¢ al.,
1987} An experiment was sct up with healthy vohmtcers in
Amsterdam  where the jodine intake though not very low s
tertalnly suboptimal Berum was analyzed before during and after
thres ecamcontive periods of ten to fifteen weeks when tho subjects
took 200 600 and 1800 pg KI per day respectively

The results of this study ero prescnted
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of discussion whereas no information 1 availablo on the functional
activity of newly formed ialot tissue

The present investigation desls with tho effect of ligation of tho
excrotory duct in tho distal or splenio part of tho pancrcas on its
endocrmno apparatus. Microsoopio exammation of pancreas dutal
to the ligature rovealed that apart from degeneration of the exoctine
tissuo ligation of the pancreas gives riso to tho dovelopment of
a considerablo numbor of Islot-like structurca. Thus ia in acoardance
with almost forgotten data from Buxstay (1915) on tho rabbit
and GRaUER (1928) on tho gunea pig The presenco of beta<cells
in theso structures was demonstrated by solectivo oolouring with
aldehyd fuchsin (Goxori-Scorr 1052) Exammation of scrial
scotions rovealed that the Qomori positivo tissuo derives from the
oxocrine pancreatic ductules by lLodding and transformation of
ductal clements into beta-colls. Aocordingly it was concluded that
neoformation of islet tissuo ocours in response to ligation This
phenomenon ooours from tho third day after operation on.

In order to determino the insulin content of the pancrcas ox
tractions were porformed with tho techniquo deseribed by Davipsox
et al (1003) Separato extracts were made from tho parts proximal
and distal to tho ligaturo one and four wocks after Digation and
from corresponding parts of intact control pancreas. The insulin
Liko aotivity (ILA) of theso oxtraots was detcrmined umng a rab
epididymal fat pad assay (STEELMAN ef @l 1960) whereas immu
noreactivo insulin (IRI) was detormined by rudicimmuncssay
(YaLow and Berson 1060) Ono weok after Iigation a significant
8o mn the smount of oxtractablo ILA and IRI was observed in
the distal part of tho pancrcas, while four weoks after ligation &
twofold reo In tho amount of extractable ILA and IRI was found
m both the proximal and tho distal part of tho pancrcas. Theso
findings indicate that insulin is being produced by the nowly
formed islot tissuo

Its posatblo functional sigmifl was investigatod by subjeotiog
alloxanizod rata to ligation or sham-operation whercafter tho
ocourso of tho disbotes was followed Qlucosuria was dotermined
at weekly intervals from 1 to 5 weoks postoperatively In both
groups tho animals with an witial glucosuria Iighcs than 6 g/-4h
did not rocover from their dmbetio stato during tho period of
observntion Howover in animals with an initial glucosuria of




It ' continded that in the rat ligation of the pancreas resutts
In neoformation of msulin-prodncing islets which derive from
exoerine pancreatioc ducts. The high incldence of remiwlon of
disbetes in ligated alloxanired rats suggests a oomiderable functi-
anal aotivity of the newly formed fslets.
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